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Abstract

Background Swimming is a popular and potentially

health-enhancing exercise, but has received less scientific

attention compared with other exercise modes.

Objective The objective of the study was to determine the

chronic (long-term) effect of pool swim training on phys-

iological outcomes in non-elite or non-competitive swim-

ming participants.

Design This study was a systematic review with a meta-

analysis.

Data Sources We searched the electronic databases

PubMed, EMBASE and CENTRAL from inception to

March 2017.

Eligibility Criteria The eligibility criteria included ran-

domised controlled trials, quasi-randomised controlled tri-

als and controlled trials of chronic (long-term) swimming

interventions in non-elite or non-competitive swimming

participants, with a physiological outcome measure.

Results Our search of 6712 records revealed 29 eligible

studies. Swimming had a significant and clinically mean-

ingful effect on maximal oxygen uptake compared with the

control in an analysis including multiple populations (mean

difference 6.32 mL/kg/min; 95% confidence interval

4.33–8.31), and subgroup analyses of healthy children/

adolescents (mean difference 7.93 mL/kg/min; 95%

confidence interval 3.31–12.55) and those with asthma

(mean difference 9.67 mL/kg/min; 95% confidence inter-

val 5.84–13.51) and healthy adults (mean difference

5.87 mL/kg/min; 95% confidence interval 2.93–8.81).

Swimming also resulted in significant improvements in

other cardiorespiratory fitness-related outcomes such as

maximal minute ventilation (mean difference 0.61 L/min;

95% confidence interval 0.17–1.05), submaximal exercise

performance (standardised mean difference 0.64; 95%

confidence interval 0.14–1.13) and total exercise test time

(mean difference 4.27 min; 95% confidence interval

2.11–6.42). Compared with the control, swimming had

significant favourable effects on body mass (mean differ-

ence - 2.90 kg, 95% confidence interval - 5.02 to - 0.78),

body fat percentage in multiple populations (mean differ-

ence - 1.92%; 95% confidence interval - 3.25 to - 0.60)

and healthy children/adolescents (mean difference

- 1.92%; 95% confidence interval - 4.64 to - 0.80) and

lean mass (mean difference 1.96 kg; 95% confidence

interval 0.21–3.71), but negative effects on waist circum-

ference in a pooled analysis of two studies involving adults

with hypertension (mean difference 4.03 cm; 95% confi-

dence interval 2.58–5.49). Regarding lung function, sig-

nificant effects of swimming vs. the control were found

only for peak expiratory volume in analyses including

children/adolescents combined with healthy adults (mean

difference 58.74 L/min; 95% confidence interval

29.70–87.78) and children/adolescents with asthma alone

(mean difference 63.49 L/min; 95% confidence interval

25.01–101.97). Based on limited data, swimming had

similar effects to other exercise modes, except for higher

post-intervention body mass index values with swimming

vs. running in healthy adults (mean difference 1.18 kg/m2;

95% confidence interval 0.54–1.81).
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Conclusions Swimming may offer robust beneficial effects

on cardiorespiratory fitness and body composition across

multiple populations and effects may be comparable to

other exercise modes. Future randomised controlled trials

are required to establish the effectiveness of swimming on

physiological outcomes in healthy populations and those

with non-communicable disease.

Key Points

Swim training can significantly and meaningfully

improve cardiorespiratory fitness across a number of

populations, including healthy children/adolescents

and those with asthma and healthy adults.

Swim training may result in small or unclear effects

on resting lung function in children/adolescents with

asthma, and significant but modest improvements in

body composition in healthy children/adolescents

and adults, and in adults with hypertension.

From the limited data available, swim training had

similar physiological effects compared to other

modes of exercise (e.g. walking, running and

cycling).

1 Introduction

Swimming is an important life-saving skill but also a type

of physical activity that might provide health benefits for

young and adult populations, as well as patients with non-

communicable disease (NCD) [1]. Swimming is one of the

most popular modes of physical activity in USA, Europe

and the UK [2–4] while at the same time it represents an

appealing form of exercise for the elderly and individuals

with NCD, owing to its low-impact nature [5]. However,

despite its popularity and potential for benefit, swimming

has received much less attention in the scientific literature

compared with running and cycling. This may be because

of the difficulty in taking physiological measures during

swimming, the need to acquire a certain level of skill and

technique to achieve a prescribed exercise intensity, and

concerns over the safety of swimming for populations with

NCD [6].

The physical properties of water, including its density,

pressure, thermal capacity and conductivity, represent

significant challenges and elicit physiological effects in an

attempt to meet these demands. Within an evidence-based

framework, knowledge of the chronic (long-term)

physiological responses to swimming is crucial to optimise

the design and application of safe and effective exercise

prescription. Furthermore, a greater understanding of

swimming physiology would allow clinicians to identify

the populations that may benefit most from swimming and

those for which this particular mode of exercise might be

contraindicated or require certain modifications or super-

vision to ensure safety.

Previous reviews of the physiology of swimming have

focused more on competitive swimming [7–18] with less

scientific attention on swimming in healthy or chronic

disease populations. Most of the reviews dedicated to the

latter have focused on the effects of swimming on car-

diovascular physiology [5, 6, 19] or respiratory and

asthma-related conditions [20–26]. Given the lack of rel-

evant studies in this field, the aim of the present systematic

review and meta-analysis was to investigate the long-term

physiological effects of recreational swimming in both

healthy populations and those at risk of or diagnosed with

NCD.

2 Methods

This review was written as part of a commissioned work on

the physiological effects of swimming by the Amateur

Swimming Association. The review has been reported in

accordance with the Preferred Reporting Items for Sys-

tematic Reviews and Meta-Analyses statement.

2.1 Search Methods for Identification of Studies

Criteria for considering studies for this review can be found

in Table 1. We searched the following databases to identify

eligible studies: PubMed, EMBASE and Cochrane Central

Register of Controlled Trials (CENTRAL) [via the

Cochrane Library, Issue 3, 2017] on the 1 March, 2017. We

also screened references in relevant reviews and in pub-

lished eligible studies. A search algorithm was developed

for PubMed [see Table S1 of the Electronic Supplementary

Material (ESM)] and was modified for CENTRAL and

EMBASE. We searched all databases from their inception

to the present. We included only full publications and did

not exclude based on the language of publication.

The results from the searches described above were

merged and duplicate records of the same report were

removed. The titles and abstracts were examined to remove

obviously irrelevant reports. Two authors (IML and GSM)

independently screened and assessed the records for eligi-

bility. Full-text articles of potentially relevant reports were

retrieved and examined for eligibility, and multiple eligible

reports of the same trial were linked together. Non-English

language trials were included and these trials were
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translated, where necessary, so that eligibility could be

assessed and subsequently data extracted.

2.1.1 Data Extraction

Two authors (IML and GSM) independently extracted the

following data: study design; total duration; sample size;

demographic information; intervention characteristics; and

physiological outcome. Multiple publications for the same

trial were collated and the first or most complete report was

used as the primary reference. We entered and combined

the trial data using Review Manager (RevMan 5.3

Copenhagen, Denmark). We summarised the data collected

from the reports in Table 2.

2.1.2 Risk of Bias Assessment of Articles

The Cochrane Collaboration’s ‘risk of bias’ tool was used

to assess possible sources of bias [64]. We graded each

domain as having ‘low’, ‘high’ or ‘unclear’ risk of bias and

conflicts not due to assessor error were resolved by con-

sensus (IML and GSM). If there was evidence of a large

risk of bias, the findings were interpreted cautiously. The

assessment of risk of bias was displayed in ‘risk of bias’

graphs. To aid interpretation, in each forest plot presented

in the Results section, we included the summary of the risk

of bias in each study involved.

2.2 Measures of Treatment Effect

All physiological outcome measurements were presented

as continuous data across included studies. For selected

outcomes, we extracted group means for change from

baseline to the end of intervention and immediately post-

intervention values with the corresponding standard devi-

ations (SDs) and the number of participants assessed for

each outcome per group. Where standard errors (SEs),

confidence intervals (CIs) or t-values were provided instead

of SDs, we used the RevMan 5.3 calculator to convert them

to SDs.

For studies using the same scale to measure a continuous

outcome, we calculated mean differences (MDs) and 95%

CI using the change from baseline to the end of interven-

tion values, or where not available, the immediate post-

intervention values were used. Only a limited number of

studies provided the change from baseline values, there-

fore, analyses combined change and post-intervention

values. If different scales were used to measure the same

continuous outcome across studies, we calculated a stan-

dardised mean difference (SMD) and 95% CI. For SMD

analyses, change and post-intervention values cannot be

combined, and therefore, we combined only change or

post-intervention values depending on whichever was

reported most. Where possible, we also interpreted the

results based on the important clinically meaningful effect

on outcomes [e.g. 5% loss in body mass [65] and 3.5 mL/

kg/min change in maximal oxygen uptake (VO2max)] [66].

We reported qualitative outcomes where data were not

presented in sufficient detail or where data were available

from single studies.

2.3 Unit of Analysis Issues

Where trials had more than one applicable swim training

group, [34, 52] we combined outcome data from both

groups as recommended in the Cochrane Handbook for

Systematic Reviews of Interventions [64]. For the main

analyses, we compared swim training groups with non-

swimming groups for each outcome.

2.4 Assessment of Heterogeneity

A random-effects model was selected for all analyses a

priori, owing to the diversity of the populations [67].

Inconsistency of results for each outcome was evaluated

using the I2 statistic, which describes the percentage of

Table 1 Eligibility criteria for selecting studies

Inclusion criteria

1. Study design: randomised controlled trials, quasi-randomised controlled trials and controlled trials

2. Types of participants: we included studies of humans of any age, who were healthy or diagnosed with non-communicable disease

3. Published studies that compared the chronic physiological adaptations of pool swimming interventions with non-swimming comparison

groups

Exclusion criteria

1. Studies investigating the effects of swimming in elite, competitive and/or trained populations (i.e. professional, national, international,

university and collegiate competitive swimmers)

2. Swim intervention studies that included only non-physiological-related outcome measures (e.g. stroke rate, speed, mood)

3. Used water-based physical activities (e.g. water-based aerobic activities), hydrotherapy, aquatic interventions or combined interventions

(e.g. swimming and caloric restriction or other physical activities), where the effects of swimming could not be isolated

4. Studies investigating the effects of cold water or winter swimming, scuba-diving, breath-holding or water-immersion activities
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variability in the point estimates that is due to hetero-

geneity rather than sampling error [64]. We interpreted

heterogeneity in accordance with the following recom-

mendations of Higgins et al.: [64].

• 0–40%: might not be important;

• 30–60%: may represent moderate heterogeneity.

• 50–90%: may represent substantial heterogeneity.

• 75–100%: considerable heterogeneity.

If there was evidence of at least substantial hetero-

geneity, we explored its source by study population groups.

There were insufficient studies available (fewer than ten) to

investigate publication bias via visual inspection of plan-

ned funnel plots for signs of asymmetry.

2.5 Data Synthesis

To establish the robustness of an overall effect of swim

training across populations, we combined studies that

measured the same outcome in random-effects model

meta-analyses where data were available from at least two

studies [67]. In each analysis, we separated outcome data

according to population subgroup, and presented subtotal

summary statistics, in addition to the total summary

statistic. Where there were insufficient studies to compare

swim training with other modes of exercise (e.g. walking,

running), these comparisons were presented in forest plots

without meta-analyses, and reported qualitatively.

2.6 Sensitivity Analysis

Where possible, we conducted a sensitivity analysis to

assess the influence of study design on the effect of swim

training by removal of quasi-randomised or controlled tri-

als from the analysis. In outcomes where at least substan-

tial statistical heterogeneity (I2C 50%) was found, we

conducted sensitivity analyses to assess the robustness of

the review results by removing the most extreme values

and those studies that seemed to be estimating a different

effect, and explored the contribution of each population to

heterogeneity.

3 Results

3.1 Description of Included Studies

3.1.1 Results of the Search

The literature search yielded 6712 potentially relevant

articles. Tracking the reference lists of eligible articles and

previous relevant reviews led to the inclusion of 11 addi-

tional articles. After removal of duplicates and screening of

titles, abstracts, and full texts, we found 29 eligible trials,

with 70 studies excluded with reasons (see Fig. 1 and

Table S2 of the ESM).

3.1.2 Study Design and Population of Included Studies

The 29 eligible trials consisted of 16 randomised controlled

trials (RCTs), three quasi-RCTs and ten controlled trials

(CTs). Eligible studies investigated the effects of swim

training on physiological outcomes in healthy children and

adolescents (three CTs [27, 28, 68]), adults (six studies:

three RCTs, [29, 31, 36]; three CTs, [34, 35, 37]), as well

as pregnant women (one CT [38]) and individuals with

obesity (two RCTs [50, 51]), asthma (nine studies: eight

RCTs, [40, 42–48] one CT [41]), Down syndrome (one

RCT [62]), cystic fibrosis (one CT [49]), hypertension (four

studies: three quasi-RCT, [52, 57, 59] one CT [56]),

osteoarthritis (one RCT [60]) and perforated tympanic

membrane (one RCT [63]). Five trials had multiple asso-

ciated publications (13 additional articles).

3.1.3 Intervention and Comparison Details of Included

Studies

There were a total of 1499 participants in the eligible

studies, with 718 participating in a swim training group and

501 in a non-exercise control (23 studies), 108 in a walking

group (four studies [31, 36, 50, 51]), 13 in a walking-in-

water group (one study [50]), 35 in a running group (two

studies [29, 36]), 65 in a cycling group (four studies

[29, 36, 51, 60]), 26 in a golf group (one study [47]) and 20

in a soccer group (one study [52]). Three of the studies that

compared swimming with other modes of exercise, also

had a non-exercise control group [29, 36, 52]. Two of the

studies compared two different swim interventions, with

one comparing swimming in a chlorinated pool vs. an

ozone pool [34] and the other comparing moderate- with

high-intensity swimming [52].

Most of the studies were of short duration, with 22

(76%) of the studies consisting of intervention durations of

15 weeks or less (mode duration = 12 weeks in ten stud-

ies; range = 4 weeks to 2 years). Two studies had a

duration of 1 year, [28, 41] whereas one study consisted of

a 2-year intervention [27].

3.1.4 Outcome Details of Included Studies

Sixteen (55%) eligible studies included anthropometric or

body composition measures. Seventeen (59%) studies con-

sisted of cardiorespiratory fitness outcomes, with ten of these

studies including either a direct (nine studies

[28, 35, 37, 43, 44, 47, 49, 57, 68]) or an estimated (three

studies [29, 31, 50]) measure of VO2max. Only one study
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measured VO2max directly during pool (tethered) swimming

[37]. Muscular strength measures were included in three

studies [29, 36, 60]. Six (22%) studies included a resting

cardiovascular measure (e.g. resting heart rate and blood

pressure), [31, 51, 52, 57, 58, 60] whereas two studies

included these measures in the swim group only [38, 56].

Lung function outcomes were reported in 12 (41%) studies

[34, 40–49, 68]. Blood biomarker assessments were reported

in eight (28%) studies [29, 31, 34, 52, 57, 58, 60, 68]. Table 2

summarises the characteristics and outcomes of the studies

included in the analysis.

3.2 Risk of Bias of Included Studies

A summary of risk of bias across all studies is presented in

Fig. 2 (see also a summary of the risk of bias for each study

Fig. 1 Preferred Reporting Items for Systematic Reviews and Meta-Analyses flow diagram of each stage of the study selection

Fig. 2 Risk of bias graph: review of authors’ judgements about each risk of bias item presented as percentages across all included studies
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in Fig. S1 of the ESM). Only five (17%) studies were at a

low risk of selection bias because they reported to have

adequately generated their randomised sequence and con-

cealed allocation to the intervention. All included trials

included were at high risk for performance bias because,

owing to the nature of swimming, it was not possible to

blind the trial personnel and participants. Twenty-five

(90%) studies were considered to be at a high risk for

detection bias because they did not state that outcome

assessors were blinded to group assignment. Nine (31%)

studies with high participant withdrawal rates were judged

to be at high risk of attrition bias [38, 40, 41, 46–51]. We

considered 27 (93%) studies to be at an unclear risk for

reporting bias because no study protocol paper or trial

registration was available, and the information was insuf-

ficient to judge this item for those studies. One study [63]

was at a low risk of reporting bias because the published

paper included all outcomes that were reported in a

prospective trial registration. Another study [60] was con-

sidered to be at high risk of reporting bias because one of

the outcomes (C-reactive protein) listed in a trial registra-

tion was not included in the published paper. Three (10%)

studies were at high risk for selection bias because groups

were insufficiently similar at baseline [38, 49, 58].

3.3 Effects of Intervention

Summaries of findings for each pooled analysis are pre-

sented in Tables S3–5 and Figs. S2–40 of the ESM.

3.3.1 Cardiorespiratory Fitness and Muscular Strength

Outcomes

A statistically significant and clinically important

(C 3.5 mL/kg/min) effect on relative VO2max was found for

swimming, compared with the control, in an analysis of

children/adolescents who were healthy and those with

asthma or cystic fibrosis, and adults who were healthy and

those with hypertension (MD 6.32 mL/kg/min, 95% CI

4.33–8.31, I2 = 55%, nine studies, 208 participants) (see

Fig. 3). In a sensitivity analysis, the removal of the two

most extreme values [29, 57] reduced the heterogeneity to

0% and maintained the overall significant effect. The effect

was also robust with the inclusion of only RCTs in the

Fig. 3 Effect of swimming vs. control on relative maximal oxygen

uptake (VO2max, mL/kg/min) [combined change from baseline to end

of intervention and post-intervention follow-up values analysis].

change values change from baseline to end of intervention, CI

confidence interval, IV inverse variance, SD standard deviation
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analysis (MD 3.00 mL/kg/min, 95% CI 0.21–5.79,

I2 = 76%, three studies, 55 participants). A significant

increase in absolute VO2max was also found for swimming

compared with the control, in an analysis of healthy chil-

dren/adolescents and adults (MD 0.41 L/min, 95% CI

0.27–0.55, I2 = 22%, three studies, 74 participants).

Separate subgroup analyses revealed significantly higher

post-intervention relative VO2max values after swim train-

ing vs. the control in healthy children/adolescents (MD

7.93 mL/kg/min, 95% CI 3.31–12.55, I2 = 0%, two stud-

ies, 44 participants) and those with asthma (MD 9.67 mL/

kg/min, 95% CI 5.84–13.51, I2 = 0%, two studies, 32

participants). Similarly, swim training had a significant

effect on relative VO2max compared with the control in

healthy adults (MD 5.87 mL/kg/min, 95% CI 2.93–8.81,

I2 = 76%, three studies, 77 participants). Removal of the

most extreme value [29] in this analysis reduced hetero-

geneity to 0% and the effect was maintained, but an RCT-

only analysis was not possible owing to the availability of

only one RCT. An increase in absolute VO2max was also

found for healthy children/adolescents after swim training

compared with the control (MD 0.30 mL/kg/min, 95% CI

0.12–0.48, I2 = 0%, two studies, 44 participants). No sig-

nificant differences were found on relative VO2max for

swimming compared with running in a pooled analysis of

healthy adults, or single studies comparing swimming to

golfing in children/adolescents with asthma, [47] and

cycling in healthy adults [29]. One study found superior

effects on VO2max for 6 months of walking compared with

swimming [31].

A small but statistically significant effect on post-in-

tervention maximal minute ventilation values was found

for swimming vs. controls in an analysis combining data

from children/adolescents who were healthy or asthmatic,

and healthy adults (SMD 0.61, 95% CI 0.17–1.05,

I2 = 0%, four studies, 88 participants), but not in a sepa-

rate subgroup analysis of healthy children/adolescents. Of

the remaining maximal exercise variable analyses, a sig-

nificant effect of swimming compared with controls was

observed only for post-intervention maximal O2 pulse in

healthy children/adolescents (SMD 1.26, 95% CI

0.30–2.23, I2 = 40%, two studies, 44 participants). A

pooled analysis of seven studies revealed a significantly

higher post-intervention submaximal exercise performance

compared with controls (SMD 0.64, 95% CI 0.14–1.13,

I2 = 61%, 208 participants). An analysis of only RCTs

revealed a significantly greater workload at lactate/venti-

latory threshold intensity in children/adolescents with

asthma (SMD 1.40, 95% CI 0.56–2.25, I2 = 38%, three

studies, 48 participants).

A significant improvement in exercise time during gra-

ded exercise testing was found for swimming compared

with controls in a pooled analysis of two CTs involving

children/adolescents with cystic fibrosis and healthy adults

(MD 4.27 min, 95% CI 2.11–6.42, I2 = 0%, 50 partici-

pants). One study reported that swimming significantly

improved distance covered during Yo–Yo intermittent

exercise test compared with controls in adults with

hypertension [52]. Another study found a significant post-

intervention between-group increase in distance covered

during a 12-min swim test but no differences in 1.6-km

walk test time with a swim intervention compared with a

walking group in healthy women [31]. No significant dif-

ferences in post-intervention peak quadriceps torque values

were found between swimming and controls, walking and

running groups of healthy adults, and cycling in adults with

osteoarthritis [29, 36, 60].

3.3.2 Resting Cardiovascular and Vascular Function

Outcomes

A pooled analysis of resting heart rate, and resting systolic,

diastolic and mean arterial blood pressure was possible

only for adults with hypertension. No significant effect of

swimming compared with the control or to walking in

analyses involving healthy women or women with obesity

was found for any of these outcomes. Individual studies

have found significant effects on the resting heart rate for

swim training compared with cycling in adults with

osteoarthritis, [60] and significant effects in favour of

walking vs. swimming for systolic blood pressure and

diastolic blood pressure in healthy women [31].

For vascular responses, studies involving individuals

with hypertension have reported significant improvements

in carotid artery compliance, flow-mediated dilation and

cardiovagal baroreflex sensitivity, [57] but not in casual

forearm vascular resistance, [58] after swimming inter-

ventions. Alkatan et al [60] found that endothelial function

improved significantly after swimming but not post-cycling

training in adults with osteoarthritis.

3.3.3 Lung Function Outcomes

In a pooled analysis of three RCTs involving healthy

children/adolescents and adults, [40, 45, 46] post-inter-

vention peak expiratory flow (PEF) was significantly

greater in the swim group compared with the control group

(MD 58.74 L/min, 95% CI 29.70–87.78, I2 = 39%, 103

participants). The significant effect of swimming on PEF

was also observed in a separate subgroup analysis of

children/adolescents with asthma (MD 63.49 L/min, 95%

CI 25.01–101.97, I2 = 52%, two studies, 38 participants).

No significant effects of swimming compared with controls

were found for any other lung function measure in com-

bined population analyses or in separate subgroup analyses

of children/adolescents with asthma.
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In the only study to compare the effects of swimming

with other exercise modes on lung function, the swimming

group had significant increases in forced expiratory volume

in during the first second of forced breath percentage pre-

dicted compared with a golf group [47]. Compared with

controls, studies have reported significant reductions in

bronchial hyper-responsiveness in adults with asthma, [40]

and in children/adolescents with asthma, improvements in

exercise-induced bronchoconstriction, [42] methacholine

challenge test performance, and maximal inspiratory and

maximal expiratory pressure [48]. Children/adolescents

with cystic fibrosis reported a significant improvement in

clinical disease state after a swimming intervention vs.

controls, [49] whereas an RCT found that swimming did

not improve respiratory aspects of speech production in

individuals with Down syndrome [62]. Another study [68]

involving female high school students reported significant

pre-post increases in maximal breathing capacity in a swim

group but not a control group.

3.3.4 Blood Biomarker Outcomes

Only a pooled analysis of studies consisting of adults with

hypertension was possible for total cholesterol, low-density

lipoprotein-cholesterol, high-density lipoprotein (HDL)-c-

holesterol, and triglyceride levels, [52, 57, 58] and plasma

glucose levels [57, 58] only. No significant differences

were found between swimming and control groups for any

of these blood biomarkers.

Cox and colleagues [31] found that of glucose- or

insulin-related outcomes, only insulin area under the curve

was significantly higher in a walking group compared with

a swimming group immediately post-intervention, but not

6 months later. Conversely, the authors [31] reported sig-

nificantly increased total cholesterol and low-density

lipoprotein-cholesterol in the walk group compared with

the swimming group 6 months after completion of the

intervention, but not immediately post-intervention. With

regard to other biomarkers, glycosylated haemoglobin and

interleukin-6 significantly improved after both swimming

and cycling in adults with osteoarthritis, [60] whereas

another study found that high-intensity, but not moderate-

intensity swimming improved insulin sensitivity and the

expression of adhesion molecules linked with endothelial

dysfunction and reduced fasting plasma insulin levels in

hypertensive women [52]. The same study [52] also

reported that citrate synthase, 3-hydroxyacyl-CoA dehy-

drogenase and complex IV in the deltoid muscle all sig-

nificantly increased after both high- and moderate-intensity

swimming.

In one RCT, [29] the effects of a 30-min walking

exercise on the accumulation of cartilage degeneration,

assessed via serum cartilage oligomeric matrix protein, was

measured after 12 weeks of swimming (non-impact),

cycling (low impact) or running (high impact) training. The

authors [29] reported that post-intervention 30 min of

walking significantly increased serum cartilage oligomeric

matrix protein levels (i.e. greater cartilage degeneration) of

the swimming and cycling groups, but not of the running

group.

In another study, [34] the effects of a swimming pro-

gramme consisting of 20 1-h sessions in either a chlorine

pool or ozone pool on levels of blood biomarkers of

inflammation, injury and epithelial integrity of the lung

lining surfaces (surfactant protein D and Clara cell secre-

tory protein) were compared with a control group. Com-

pared with baseline values, post-intervention Clara cell

secretory protein levels were significantly greater in the

chlorine group only, whereas levels of surfactant protein D

were not significantly modified post-intervention in any

group. In a study of 30 female high school students, [68]

swim training resulted in significant pre-post increases in

mean corpuscular volume and mean cell haemoglobin

levels in the intervention group but no significant changes

in the control group. No significant pre-post changes in red

blood cell counts, haemoglobin, haematocrit and mean

corpuscular haemoglobin were observed in either group.

No significant changes were observed in any other blood

biomarker in the included studies.

3.3.5 Anthropometric and Body Composition Outcomes

In our pooled analyses, significant effects on body mass or

body mass index for swim training vs. controls were found

only in a combined analysis of body mass data from

healthy children/adolescents and those with cystic fibrosis,

pregnant women, and adults who were healthy or hyper-

tensive (MD - 2.90, 95% CI - 5.20 to - 0.78, I2 = 90%,

ten studies, 500 participants). Although no data were pro-

vided, one study [37] reported no significant changes in

body mass in either a swim training or control group.

However, another study [51] found significantly greater

weight loss in a cycling intervention compared with

swimming in women with obesity. In comparisons of

exercise modes, the only significant finding was that run

training reduced the body mass index to a greater extent

than swimming in an analysis of two RCTs including

healthy adults (MD 1.18 kg/m2, 95% CI 0.54–1.81,

I2 = 0%, 68 participants).

Swim interventions significantly reduced body fat per-

centage in an analysis consisting of healthy children/ado-

lescents and adults, and adults with hypertension,

compared with controls (MD - 1.92%, 95% CI - 3.25 to

- 0.60, I2 = 6%, seven studies, 216 participants) (see

Fig. 4). Only one of the six studies included in this analysis

was an RCT. A significant effect of swimming on post-
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intervention body fat percentage was observed in a sub-

group analysis of healthy children/adolescents (MD

- 1.92%, 95% CI - 4.64 to - 0.80, I2 = 0%, two studies,

44 participants). No significant effects were observed in

remaining subgroup analyses comparing swim training to

controls, walking in healthy women/women with obesity,

run training in healthy adults or in a single study of

swimming vs. cycling in adults with osteoarthritis [60].

However, one study [29] found that healthy adults had a

significantly greater reduction in body fat percentage with

cycling compared with swimming.

Overall, there was a significant increase in lean mass for

swimming vs. controls in an analysis consisting of healthy

children/adolescents and adults, and adults with hyperten-

sion (MD 1.96 kg, 95% CI 0.21–3.71, I2 = 77%, six

studies, 191 participants). The removal of the most extreme

value [58] reduced the heterogeneity to 0% and maintained

the overall significant effect. A sensitivity analysis was not

possible owing to a lack of RCTs in the analysis. No effects

on lean mass were found for swim training vs. controls in

subgroup analyses of healthy children/adolescents or adults

with hypertension, or in single studies compared with

walking either on land or in water in women with obesity

[50], or cycling in adults with osteoarthritis [60].

In a pooled analysis of two studies involving 80 indi-

viduals with hypertension, post-intervention waist

circumference was significantly higher in swimming vs.

control interventions (MD 4.03 cm, 95% CI 2.59–5.49,

I2 = 0%), but no effects were found for hip circumference

values. However, the two studies included in these analyses

were quasi-RCTs, and in one study, [58] there were waist

circumference imbalances at baseline. In regard to other

related outcomes, the only significant findings were that

arm and calf girths were significantly lower in a swimming

group compared with a walking group in one study [31].

4 Discussion

4.1 Summary of Main Results

To the best of our knowledge, this is the first review syn-

thesising the evidence about the physiological effects of

swim training in non-elite and non-trained healthy and

NCD populations. A statistically and clinically significant

effect (C 3.5 mL/kg/min) on VO2max was found for

swimming compared with the control in a pooled analysis

of combined populations and separate analyses of children/

adolescents with asthma and healthy adults. Peak expira-

tory flow improved significantly after swim training com-

pared with the control in a pooled analysis of healthy adults

and children/adolescents with asthma, and in a separate

Fig. 4 Effect of swimming vs. control on body fat (%) [combined change from baseline to end of intervention and post-intervention follow-up

values analysis]. change values change from baseline to end of intervention, CI confidence interval, IV inverse variance, SD standard deviation
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subgroup analysis of the latter population. Swimming was

associated with significant reductions in body fat percent-

age and increases in lean mass in combined populations’

analyses. In adults with hypertension, there was a signifi-

cant increase in waist circumference with swimming vs. the

control, but no effect on any other cardiovascular, blood

biomarker or anthropometric measure. Based on limited

data, the effects of swimming on all outcomes analysed

were similar to other exercise modes, apart from slightly

higher BMI after a swimming intervention compared with

running in healthy adults.

4.2 Overall Completeness and Applicability

of Evidence

From a comprehensive search of the three major electronic

databases (CENTRAL, EMBASE and PubMed) and ref-

erence lists of eligible studies and relevant reviews, we

identified 29 studies (1499 total participants), including 16

RCTs, three quasi-RCTs, and ten CTs. However, limited

studies were available for subgroup analyses and most

included studies were potentially under-powered owing to

small sample sizes (median, intervention n = 16 and

control n = 14). Furthermore, no RCTs were available for

healthy children/adolescents and those with cystic fibrosis,

pregnant women and individuals with hypertension. Pool-

ing of study data was limited by the broad range of out-

comes assessed in studies, which meant many of the

outcomes were examined in single studies or populations.

Therefore, as a result of only a few adequately sized studies

available in each population for each outcome, it is difficult

to generalise the findings of the current review. In partic-

ular, blood biomarker and resting cardiovascular results are

limited largely to adults with hypertension, and lung

function data are predominantly based on children/adoles-

cents with asthma. Therefore, complete evidence of the

chronic physiological effects of swimming is absent for

many of the populations included in the current review and

those that have not yet been studied, such as individuals

with arthritis, cancer, coronary heart disease, or type 1 and

2 diabetes mellitus.

The majority of swimming interventions were of short

duration (C 12 weeks), with only seven (24%) studies

consisting of interventions of at least 6 months duration.

Therefore, the long-term effects of swim training are not

well known. Furthermore, the practicality of the interven-

tions in the included studies varied from a more realistic

one to three sessions per week (20 studies) to swim training

programmes of 60 min daily [51] or six 30-min sessions a

week, [42] which would be more difficult to follow and

adhere to outside a study environment.

4.3 Quality of the Evidence

Most studies were judged to be at a high risk of selection

bias, performance bias and detection bias. Almost a third of

the studies were at a high risk of attrition bias, and all but

two trials were at an unclear risk of reporting bias. In

addition, there was evidence of moderate to considerable

heterogeneity (I2 = 30–100%) in many of the compar-

isons. However, most of this inconsistency was explained

by the study population and removal of the most extreme

values, in addition to study design, in the few instances an

RCT-only analysis could be performed. In the 15 (52%)

studies that reported adherence data, adherence to the

swimming interventions was generally good

(range = 76–99%). Most studies had acceptable attrition

rates, although nine (31%) studies had particularly high

participant withdrawal rates. Therefore, at least in the

studies that reported these data, adherence and attrition

rates in swimming interventions appeared to be comparable

to other exercise modes.

Of particular note, given the difficulties of heart rate

monitoring in water, is that equalising swimming intensity

with that of other modes of exercise may always be chal-

lenging. This is supported by the fact that precise control of

intensity in the different modes of exercise within the

included studies was lacking. Moreover, swimming effi-

ciency varies greatly, particularly in populations that have

no previous experience in swimming or novice swimmers.

As a result of this, the outcomes of a swimming programme

may be greatly affected, particularly when the intensity is

not precisely controlled. Therefore, there is a need for

future studies to control intensity to a greater degree.

4.4 Potential Biases in the Review Process

Despite our comprehensive search, it is possible that we

may have missed eligible studies. A relatively high number

(n = 11) of studies were identified through searching the

reference lists of eligible studies and relevant reviews,

perhaps owing to inadequate cataloguing of swimming

studies (older studies in particular) in these databases.

Because of a lack of adequate study numbers, we could not

perform publication bias analysis. Although we set no

language restrictions, we included only full publications,

which may contribute to publication bias. However,

unpublished or studies only published in an abstract form

tend be of poor methodological quality and have not

undergone peer review [69, 70]. Therefore, it is unclear

whether the addition of unpublished studies would have

influenced the findings of this current review without

adding a considerable risk of bias.
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4.5 Agreements and Disagreements with Other

Studies or Reviews

To the best of our knowledge, the current review is the only

study to systematically review and pool data from swim

training studies from all available populations. In the most

recent and comprehensive systematic review and meta-

analysis of the effects of swimming on lung function of

children/adolescents with asthma, Beggs et al. [21] also

found significant favourable effects on PEF with swimming

compared with controls. However, unlike Beggs et al. [21]

we found no significant effect on forced expiratory volume

during the first second of forced breath predicted and

average forced expiratory flow during the mid (25–75%)

portion of the forced vital capacity predicted in children/

adolescents with asthma. The probable reason for this

discrepancy is the inclusion of data from a conference

abstract [71] not included in the current review.

5 Conclusions

In a pooled analysis of combined populations and various

subgroup analyses, swimming had significant favourable

effects on VO2max, maximal minute ventilation, submaxi-

mal exercise performance, body fat percentage and lean

mass, compared with the controls. Swimming also led to

significant improvements in PEF in a pooled analysis of

healthy adults and children/adolescents with asthma and a

subgroup analysis of the latter population only. Significant

increases in waist circumference were observed in swim-

ming interventions including adults with hypertension.

Based on a meta-analysis of limited data, there were no

differences between the effects of swimming compared

with walking, running or cycling in any of the comparisons

made, except for slightly higher post-intervention BMI

values with swim vs. run training. However, the findings

presented must be interpreted with caution considering the

dearth of RCT evidence for the populations included in the

review, risk of bias and evidence of heterogeneity across

comparisons. Therefore, future well-designed and reported

RCTs are required to establish the efficacy and effective-

ness of swim training on physiological outcomes in various

populations including children and adolescents, sedentary

adults, older adults and individuals with NCD.
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