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Abstract 
Cognitive decline poses a major challenge in aging populations, 
and aquatic exercise may offer cognitive benefits while re-
duceding injury risk. This systematic review and network meta-
analysis (NMA) evaluated the comparative effectiveness of dif-
ferent aquatic exercise modalities on cognitive function in older 
adults. Major electronic databases were searched from inception 
to January 2026 for randomized controlled trials (RCTs) examin-
ing aquatic exercise and cognitive outcomes in adults aged ≥60 
years; studies were independently assessed by two reviewers. In-
terventions were categorized as aquatic cognitive-motor exercise, 
aquatic aerobic exercise, aquatic high-intensity interval training 
(HIIT), and aquatic strength training. A frequentist NMA was 
used to synthesize direct and indirect evidence, with effect sizes 
expressed as standardized mean differences (SMDs). Nine RCTs 
(involving 324 participants) met the inclusion criteria. Aquatic 
cognitive-motor exercise showed the highest probability of being 
the most effective intervention (SUCRA [surface under the cu-
mulative ranking curve] = 85.36%), followed by aquatic aerobic 
exercise (61.44%) and aquatic strength training (51.80%). 
Aquatic HIIT (49.12%) and land-based exercise (48.34%) 
demonstrated moderate effects. Among all modalities only 
aquatic cognitive-motor exercise showed statistically significant 
improvements compared with non-exercising controls. Based on 
the currently available limited evidence, aquatic cognitive–motor 
exercise may be the most effective aquatic modality for improv-
ing cognitive function in older adults. All aquatic exercise modal-
ities provided cognitive benefits at least comparable to those of 
land-based exercise. The findings suggest that cognitive engage-
ment, rather than exercise intensity alone, may be crucial for max-
imizing the efficacy of the intervention. However, as only nine 
RCTs were included, these findings should be interpreted with 
caution given the limited size and density of the evidence net-
work. 
 
Key words: Aquatic exercise, cognition, aquatic cogni-
tive-motor exercise, older. 

 
 
Introduction 
 
The United Nations' World Population Prospects 2022 pre-
dicts that the proportion of the elderly population will rise 
to 16% by 2050 (United Nations Department of Economic 
and Social Affairs, Population Division, 2022). This demo-
graphic shift poses significant challenges for aging socie-
ties worldwide. Although aging does not inevitably cause 
severe cognitive deterioration, it does increase the risk of 

cognitive decline, which, if left unaddressed, can markedly 
impair older adults' quality of life. Moreover, cognitive de-
cline may progress into serious neurodegenerative condi-
tions such as Alzheimer's disease and dementia (Kazazi et 
al., 2018). 

Physical exercise can mitigate cognitive decline in 
older adults through mechanisms such as enhanced neuro-
genesis, increased cerebral blood flow, reduced inflamma-
tion, and synaptic plasticity (De Miguel et al., 2021). It also 
supports brain networks for executive function, attention, 
and memory(Won et al., 2021), with aerobic exercise im-
proving episodic memory (Johansson et al., 2022) and re-
sistance training enhancing inhibitory control (Liu-Am-
brose et al., 2010). However, older adults are prone to ex-
ercise-related injuries due to physical vulnerabilities. 
Aquatic exercise addresses this by leveraging water prop-
erties—buoyancy, hydrostatic pressure, and resistance—to 
enhance neuromuscular function in those with neurological 
conditions, whether through active forms such as swim-
ming or passive immersion (Deng et al., 2024; Becker, 
2009). Immersion at chest level improves blood circula-
tion, venous return, and cerebral blood flow (Carter et al., 
2014). while buoyancy reduces joint impact, prolongs bal-
ance reaction time, and alleviates fall-related anxiety 
(Kwok et al., 2024) Recent evidence further indicates that 
aquatic exercise may particularly benefit episodic memory 
and overall cognitive health in aging populations(Tang et 
al., 2022; Waller et al., 2016). 

Common aquatic interventions for cognitive en-
hancement in older adults include: 1) aerobic exercise, in-
volving continuous rhythmic activities (e.g., aquagym or 
walking) to boost cardiovascular fitness and cerebral blood 
flow; 2) high-intensity interval training (HIIT), alternating 
intense bursts with rest to enhance metabolic and vascular 
responses; 3) strength training, using water resistance or 
equipment to promote muscle strength, neurotrophic fac-
tors, and neuronal connectivity; and 4) cognitive-motor ex-
ercise, combining cognitive tasks (e.g., memory exercises) 
with motor activities to foster neuroplasticity and func-
tional integration (Maneemai et al., 2024; So et al., 2024) 
Aerobic exercise may facilitate Aβ clearance across the 
blood-brain barrier by increasing low-density lipoprotein 
receptor-related protein-1 levels (Khodadadi et al., 2018). 
Resistance training promotes cerebral blood supply, en-
hances the expression of neurotrophic factors, and 
strengthens neuronal connectivity (Sáez de Asteasu et al., 
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2017). Cognitive-motor exercise simultaneously activates 
cognitive functions and motor systems, promoting neuro-
plasticity and functional integration (Cai et al., 2014). 

Although various aquatic exercise modalities show 
promise for cognitive improvement in older adults, no 
head-to-head randomized controlled trials have compared 
their relative effectiveness. This gap hinders the selection 
of optimal interventions for clinicians and researchers. 
Network meta-analysis (NMA) addresses this by integrat-
ing direct and indirect evidence from RCTs, allowing sim-
ultaneous multi-intervention comparisons, effect rankings, 
and precise insights despite sparse direct data—extending 
pairwise meta-analysis for evidence-based geriatric deci-
sions. Therefore, this review aimed to conduct a NMA to 
evaluate the effects of different aquatic exercise interven-
tions on cognitive function in older adults. 
 
Methods 
 
Protocol registration 
This study was registered in the International Prospective 
Register of Systematic Reviews database (PROSPERO) 
under registration identification number 
CRD42025641350, in accordance with the Preferred Re-
porting Items for Systematic Reviews and Network Meta-
Analyses (PRISMA-NMA) guidelines (Hutton et al., 
2015). 
 
Information Sources and Study Selection 
The literature search was conducted in accordance with the 
Preferred Reporting Items for Systematic Reviews and 
Meta-Analyses (PRISMA 2020) guidelines and the 
PRISMA extension for searching (PRISMA-S). The search 
aimed to identify randomized controlled trials (RCTs) 
evaluating the efficacy of aquatic exercise on cognitive 
function in elderly populations. Electronic databases were 
searched from inception through January 2026, with no 
language restrictions. Databases searched included Web of 
Science, PubMed, Embase, Cochrane Library, and China 
National Knowledge Infrastructure. 

Additionally, hand searches of the reference list 
from included studies, relevant systematic reviews, and 
meta-analyses were conducted to identify any additional 
eligible trials. 

Key search term groups were as follows (Supple-
mentary Table 1): 

Population (Elderly): "elderly" OR "older adults" 
OR "aged" OR "seniors" OR "geriatric" OR "aging" OR 
"elder". 

Intervention (Aquatic Exercise): "aquatic exercise" 
OR "aquatic therapy" OR "hydrotherapy" OR "water-based 
exercise" OR "aquatic rehabilitation" OR "water aerobics" 
OR "swimming therapy" OR"swim". 

Outcome (Cognitive Function): "cognitive func-
tion" OR "cognition" OR "cognitive impairment" OR "cog-
nitive performance" OR "neuropsychological tests". 

The  primary  outcome  was  the pre- to post- inter- 
vention difference in global cognition measured by vali-
dated cognitive assessments, including but not limited to 
the Mini-Mental State Examination (MMSE), MMSE-K, 
Montreal Cognitive Assessment (MoCA) (T-score), DSST, 

HDS-R, SDMT, Raven's Progressive Matrices test, and the 
Stroop color–word test. These outcomes were incorporated 
into the NMA. The categorization of activities included in 
this network meta-analysis was based on the descriptions 
provided in the original included studies. 

Inclusion criteria were: 1) RCTs involving elderly 
participants (mean age ≥60 years); 2) interventions involv-
ing aquatic exercise therapy; 3) controls consisting of no 
intervention or other exercise therapies; 4) assessment of 
cognitive outcomes using validated tools (e.g., MMSE, 
MoCA, or domain-specific tests); and 5) sufficient data for 
effect size calculation. 

Exclusion criteria included: 1) non-RCT designs; 2) 
studies on non-elderly populations; 3) interventions with-
out an aquatic component; 4) studies lacking cognitive out-
come measures; and 5) case reports, descriptive studies, or 
conference proceedings. 

Reasons for exclusion at the full-text stage were 
documented. The PRISMA flow diagram details the num-
ber of records identified, screened, and included. 
 
Data extraction 
Once the search strategy was defined and executed across 
the databases, all retrieved articles were imported into ref-
erence management software (EndNote) to remove dupli-
cates. Two reviewers independently screened all titles and 
abstracts of the search results for relevant articles. Full 
texts were then evaluated with respect to the inclusion and 
exclusion criteria. For any non-English publications iden-
tified during this process, two bilingual investigators inde-
pendently assessed eligibility and extracted data, with rel-
evant sections translated into English to ensure accurate in-
terpretation. Any discrepancies were adjudicated by a third 
author. 

Two researchers extracted data from the included 
studies using a standardized extraction form. Key extracted 
fields included first author, publication year, country/re-
gion, exercise modality, sample size (experimental and 
control groups), participant demographics (age and sex), 
intervention characteristics (type, duration, frequency, and 
intervention period), and primary outcome measures. 

For studies with missing data, corresponding au-
thors were contacted via email. If no response was received 
after the first attempt, a follow-up email was sent one week 
later. Studies with unresolved missing data after two con-
tact attempts were excluded from the analysis. 
 
Quality evaluation and risk of bias assessment 
The methodological quality and risk of bias of the 9 in-
cluded studies were assessed using the Cochrane Risk of 
Bias tool (RoB 2.0) for randomized trials (Sterne et al., 
2019).The RoB 2.0 tool, as applied to network meta-anal-
yses (NMAs), was employed to evaluate individual study 
bias across five core risk domains, each addressing specific 
methodological aspects of trial design, conduct, and report-
ing. These domains are: 1) Bias arising from the randomi-
zation process; 2) Bias due to deviations from intended in-
terventions; 3) Bias due to missing outcome data; 4) Bias 
in measurement of the outcome; and 5) Bias in the selection 
of the reported result(Sterne et al., 2019). Each domain was 
rated as "low risk," "some concerns" or "high risk".          
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Disagreements during the assessment were resolved 
through discussion among reviewers. 
 
Statistical analysis 
The primary objective of this NMA was to investigate the 
effects of different aquatic exercise modalities on cognitive 
function in older adults. Given the unique structure of 
NMAs (Li et al., 2014), all experimental groups were de-
fined as aquatic exercise interventions, while control 
groups included no intervention or alternative exercise 
therapies. The experimental and control groups were de-
fined based on the original study's designation for studies 
comparing two aquatic exercise groups. 

NMAs were conducted according to the following 
steps. First, heterogeneity across studies was evaluated us-
ing the I² statistic and the p-value from the Cochran's Q 
test. Interpretation followed established thresholds. An I² 
less than 30% was considered nonimportant heterogeneity, 
between 30% and 50% was considered moderate, between 
50% and 75% was considered substantial, and 75% or 
higher was considered high heterogeneity (Higgins and 
Thompson, 2002). Funnel plots were used to assess poten-
tial publication bias or small-study effects (Hutton et al., 
2014). 

Second, the assumption of transitivity was exam-
ined through comparison of clinical and methodological 
features across included studies, and no major violations 
were observed. The network structure was grounded in 
graph theory, where interventions are represented as nodes 
and direct trial comparisons as edges, forming a connected 
evidence network(Li et al., 2014). The core principle lies 
in visualizing direct and indirect evidence integration 
through topological mapping. The network must satisfy 
connectivity, ensuring that at least one path exists between 
any two nodes. Nodes are weighted according to the num-
ber of trials, including the respective treatments. The larger 
the node's size and the thicker the lines, the more studies 
are involved(Li et al., 2014). 

As a form of meta-analysis, NMA synthesizes both 
direct and indirect comparisons. Direct comparisons are 
derived from RCTs that explicitly evaluate two interven-
tions, with effects pooled via meta-analysis to generate 
posterior distributions of relative efficacy (Thorlund and 
Mills, 2012). Indirect comparisons are based on the prem-
ise that indirect effect estimates are obtained from effect 
estimates from two comparisons sharing a common com-
parator (Han et al., 2022), and are enabled by shared com-
parators and constructed within a frequentist framework by 
modeling the network as a connected graph where inter-
ventions (nodes) are linked via direct or indirect pathways 
(Hutton et al., 2014). A node-splitting analysis was applied 
to evaluate potential incoherence between direct and indi-
rect evidence. Thus, the validity and reliability of pairwise 
comparisons in NMA have been extensively validated 
across multiple studies (Hutton et al., 2014). The output 
provides  probabilistic  rankings  of  interventions,   confi- 
dence intervals for pairwise effects, and surface under the 
cumulative ranking curve (SUCRA) values. The confi-
dence in the evidence for all comparisons was assessed us-
ing the CINeMA framework. This framework evaluates six 
domains (within-study bias, reporting bias, indirectness, 

imprecision, heterogeneity, and incoherence) to ultimately 
rate the confidence in the evidence for each pair of inter-
ventions as High, Moderate, Low, or Very low (Niko-
lakopoulou et al., 2020). 

Since all outcome measures in this study were con-
tinuous variables, the SMD with 95% CIs was selected as 
the effect size metric (Borenstein et al., 2010). All analyses 
were conducted using the R language (version 4.2.2) in the 
RStudio environment, employing the following packages: 
data manipulation: “tidyr”, “dplyr”; network visualization: 
“igraph”; meta-analysis: “netmeta”, “meta”, “metafor”. 
These packages were utilized to perform heterogeneity as-
sessments, consistency evaluations, and comparative effect 
size analyses for the primary outcomes derived from cog-
nitive assessment tools (MMSE, MMSE-K, MoCA T-
score, DSST, HDS-R, SDMT, Raven’s Progressive Matri-
ces test, and Stroop color–word test)(Béliveau et al., 2019). 
 
Results 
 
Study Selection 
A total of 903 records were included. After the removal of 
duplicates, the titles and abstracts of 391 records were 
screened, and the full texts of 21 articles were evaluated. 
Nine studies met the inclusion criteria and were included 
in this review and the network meta-analysis (Carral and 
Perez, 2007; Dunlap et al., 2024; Jang et al., 2021; Kang et 
al., 2020; Kooncumchoo et al., 2025; Kwok et al., 2024; 
Ploydang et al., 2023; Sato et al., 2015; So et al., 2024). 
The detailed selection process for including these trials is 
presented (Figure 1). 
 
Quality assessment of the included studies 
The results of the risk of bias assessment are reported in 
Figure 2. The assessment of trial quality was performed in-
dependently by two authors, according to the Cochrane 
Risk of Bias 2.0 (RoB 2) tool for randomized trials. Based 
on the RoB 2 assessment, none of the included studies were 
judged to be high risk of bias. Consequently, the pre-spec-
ified sensitivity analysis excluding high-risk studies could 
not be performed. In most studies, researchers were in-
volved in the intervention delivery and outcome assess-
ments, and the participants were not blinded to group allo-
cation. After evaluating the risk of bias in the studies, six 
studies were considered to have some concerns arising 
from deviations from intended interventions (Carral and 
Perez, 2007; Jang et al., 2021; Kang et al., 2020; Kwok et 
al., 2024; Ploydang et al., 2023; Sato et al., 2015.). Overall, 
six studies were assessed as having some concerns (Dunlap 
et al., 2024; Kang et al., 2020; Kwok et al., 2024; Ploydang 
et al., 2023; Sato et al., 2015; So et al., 2024), and three 
studies were assessed as having low risk (Carral and Perez, 
2007; Jang et al., 2021; Kooncumchoo et al., 2025). 
 
Characteristics of the included studies 
This study included a total of nine randomized controlled  
trials (RCTs) conducted across diverse regions: two from 
Hong Kong, China (Kwok et al., 2024; So et al., 2024), two 
from South Korea(Jang et al., 2021; Kang et al., 2020), two 
from Thailand (Kooncumchoo et al., 2025; Ploydang et al., 
2023), and one each from Spain (Sato et al., 2015.), the 
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United States, and Japan (Carral and Perez, 2007). Among 
these, three studies enrolled exclusively female partici-
pants (Carral and Perez, 2007; Kang et al., 2020; Kwok et 
al., 2024), while the remaining six included both male and 
female populations(Dunlap et al., 2024; Jang et al., 2021; 
Kooncumchoo et al., 2025; Ploydang et al., 2023; Sato et 
al., 2015; So et al., 2024), with two studies focusing on 
mild cognitive impairment (Kooncumchoo et al., 2025; 
Ploydang et al., 2023), and another focusing on type II di-
abetes (Ploydang et al., 2023), collectively encompassing 
324 participants aged 60 - 90 years. 

Aquatic exercise interventions were categorized 
into six modalities, and some studies involved more than 
one modality: 1) Aquatic high-intensity interval training, 3 
studies (Carral and Perez, 2007; Jang et al., 2021; Kwok et 
al., 2024), 2) Aquatic aerobic exercise, 4 studies (Kang et 
al., 2020; Kooncumchoo et al., 2025; Ploydang et al., 2023; 
So et al., 2024), 3) Aquatic cognitive-motor exercise, 3 
studies (Dunlap et al., 2024; Kooncumchoo et al., 2025; 
Sato et al., 2015.), 4) Aquatic strength training, 2 studies 
(Carral and Perez, 2007; Sato et al., 2015.), 5) Land-based 
exercise, 3 studies (Jang et al., 2021; Kwok et al., 2024; So 
et al., 2024), and 6) Nonexercising control, 3 studies (Dun-
lap et al., 2024; Kang et al., 2020; Ploydang et al., 2023). 

Intervention parameters varied in session duration 
(20 - 60 minutes/session, predominantly 45 minutes), fre-
quency (1 - 3 sessions/week, mostly 2 - 3 sessions), and 
intervention length (6 - 12 weeks, with 12 weeks as the 
most common duration), incorporating formats such as 
aquatic-only, land-based, or hybrid training regimens (Ta-
ble 1). 
 

Risk of bias and publication bias 
The heterogeneity analysis results indicated an I² statistic 
of 47.9% (95% CI: 0.0% - 75.8%), a Q statistic of 15.36 
(df = 8), with a corresponding p-value of 0.0525. The re-
sults suggest moderate heterogeneity among studies (I² ≈ 
48%); however, the 95% confidence interval is wide, rang-
ing from no heterogeneity (0%) to substantial heterogene-
ity (75.8%). The p-value of the Q test is slightly greater 
than 0.05, indicating that the heterogeneity does not reach 
statistical significance. 
 

Network characteristics 
To assess the efficacy of aquatic exercise for improving 
cognitive function in older adults, the network characteris-
tics incorporated six interventions with seven direct pair-
wise comparisons (Figure 3). All trials were two-arm clin-
ical trials. Participant distribution across intervention 
groups was as follows: Nonexercising control (39 partici-
pants), Land-based exercise (57 participants), Aquatic cog-
nitive-motor exercise (concurrent or alternating aquatic ex-
ercise with cognitive training; 43 participants), Aquatic 
aerobic exercise (64 participants), Aquatic high-intensity 
interval training (repeated cycles of high-intensity aquatic 
exercise interspersed with lower-intensity recovery peri-
ods, typically comprising 6 - 10 intervals; 83 participants), 
and Aquatic strength training (strength and endurance 
training; 38 participants). The most frequently evaluated 
intervention was Aquatic aerobic exercise, reflecting their 
prominence in current aquatic exercise research for cogni-
tive enhancement. 

 
 

 
 

 
 

                           Figure 1. Flow chart.  
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                                 Figure 2. The results of the risk of bias assessment.  
 

 

 
 

 
 

Figure 3. Network meta-analysis plot for the assessment of aquatic exercise. Nodes are weighted according to the num-
ber of trials, including the respective treatments. The larger the node's size and the thicker the lines, the more studies 
are involved. Effect of aquatic exercises on cognition. 

The consistency assumption was tested by compar-
ing direct and indirect evidence, looking for overall differ-
ences, using a node-splitting model. The pairwise compar-
isons in the global analysis revealed no significant differ-
ences between direct and indirect evidence (all p-values > 
0.05) (Table 2). The consistency between direct and indi-
rect evidence across multiple intervention comparisons 
was further evaluated: the direct estimate ranged from –
1.77 to 1.72; the indirect estimate ranged from -1.34 to 
1.89; and the network estimate ranged from -1.26 to 1.76, 

further supporting the consistency between direct and indi-
rect evidence across the examined comparisons (Figure 4). 

Although SUCRA rankings indicate relative proba-
bility of being the best intervention, they do not quantify 
absolute clinical effect. Based on the results of the fre-
quentist analysis, we evaluated the relative ranking of all 
six interventions using two complementary metrics: the P-
score, which estimates the average probability of one treat-
ment being better than the others, and the SUCRA (Surface 
Under the Cumulative Ranking Curve), which reflects the 
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probability of a treatment being among the best (Figure 5). 
The SUCRA data synthesis showed that Aquatic cognitive-
motor exercise reached the highest probability of being the 
best treatment, with a SUCRA value of 85.36% and a P-
score of 86.05%. Aquatic aerobic exercise ranked second, 
with a SUCRA of 61.44% and a P-score of 65.71%, fol-
lowed by Aquatic strength training (SUCRA = 51.80%, P-
score = 50.72%) and Aquatic high-intensity interval train-
ing (SUCRA = 49.12%, P-score = 46.99%). Land-based 
exercise showed a SUCRA of 48.34% and a P-score of 
46.13%. All exercise interventions demonstrated substan-
tially higher probabilities of improving cognitive outcomes 
compared to the Nonexercising control (SUCRA = 3.94%, 
P-score = 4.40%). Confidence in the evidence for all com-
parisons in this network meta-analysis was rated as High 
using the CINeMA framework (Supplementary Figure 1).  

A fixed-effect model was employed in the meta-
analysis comparing the effects of exercise interventions 
versus the non-exercising control on cognition in older 
adults (Figure 6). The standardized mean difference 
(SMD) results for the various interventions relative to the 
control group were as follows: Aquatic strength training 
(F) [SMD = -0.13, 95% CI (-1.00, 0.74)], Land-based ex-
ercise (B) [SMD = 0.24, 95% CI (-0.58, 1.06)], Aquatic 

high-intensity interval training (E) [SMD = 0.40, 95% CI 
(-0.46, 1.25)], Aquatic cognitive-motor exercise (C) [SMD 
= 0.48, 95% CI (0.02, 0.95)], and Aquatic aerobic exercise 
(D) [SMD = 0.51, 95% CI (-0.08, 1.11)]. The horizontal 
axis ranged from -1 to 1, representing standardized mean 
difference values. Notably, only Aquatic cognitive-motor 
exercise (C) demonstrated a statistically significant differ-
ence, as its confidence interval did not include zero. The 
remaining comparisons showed non-significant effects. 
 
Table 2. Pairwise direct and indirect comparison to assess 
consistency in the unspecified cognitive impairment analysis 
by node-splitting model. 

Pairwise Direct 
Evidence

Indirect 
Evidence p-Value 

C:A 1.72 1.89 0.88
D:A 0.8 0.63 0.88
B:C -1.77 -0.56 0.41
B:E -0.13 -1.34 0.41
C:D 1.09 0.92 0.88
C:F 0.5 1.71 0.41
E:F 0.07 -1.14 0.41

A: Nonexercising control; B: Land-based exercise; C: Aquatic cognitive–
motor exercise; D: Aquatic aerobic exercise; E: Aquatic high-intensity in-
terval training; F: Aquatic strength training.  

 
Table 1. Characteristics of the studies included in the network. 

Authors Country 
Sample 

Size 

Intervention 
Method 

Intervention: 
Control 

Age Weeks
Weekly  
Exercise 

Frequency
Time Exercise Program 

Cognitive 
Assessment

Test 

Other 
Indicators 

Kwok et al. 
(2024 

Hong 
Kong, 
China 

I: 39 Aquatic HIIT 

I: 
66.3±5.0 

C:  
65.7±6.2 

8 
 

2 
20 

min 

Deep water run or run: weeks 
1-2 (10 bouts of 2-minute exer-
cise at 80%-85% HRmax + 1-
minute active recovery 50% 

HRmax), weeks 3-5 (10 bouts 
of 2-minute exercise at 85%-

90% HRmax + 1-minute active 
recovery at 50% HRmax, 

weeks 6-8 (10 bouts of 2-mi-
nute exercise at 90%-95% 

HRmax + 1-minute active re-
covery at 50% HRmax. NR 

MMSE 
MoCA 

Cardiorespiratory 
fitness  

Triglycerides  
Total Cholesterol 

HDL  
LDL  

 

C: 31 
Land-based  

exercise 

Ploydang et al. 
(2023) 

Thailand 

I: 17 
Aquatic  
aerobic  
exercise 

I: 
69±3.7 

C:  
69.2±5.3 

12 3 
60 

min 

Nordic Walking in Wa-
ter:weeks 1-6(40%–50%HRR), 
weeks 6-12(50%–60% HRR). 

MMSE 
MoCA 

Stroop color
test (s) 

Trail Making 
Test Part B 

(s) 

Vascular  
function 

Cerebrovascular 
function  

Biochemical 
variables 

C: 17 Nonexercising Usual care 

Kang et al. 
(2020) 

South  
Korea 

I: 17 
Aquatic aerobic 

exercise 

I: 
73.8±4.0 

C:  
73.4±4.2 

16 3 
60 

min 

Jogging, jumping jacks, cross 
country, pendulum, and other 
similar exercises: weeks 1-4 
(40%–50%HRR), weeks 5-8 

(50%–60% HRR), weeks 9-12 
(60%–65%HRR), weeks 13-16 

(65%–70%HRR). 

MMSE-K 

BDNF  
IGF-1 
VEGF  
BMI 

C: 10 Nonexercising Usual care 

Jang et al. 
(2021) 

South  
Korea 

I: 13 Aquatic HIIT 
I: ≥65 
C: ≥65 

12 3 
40 

min 

Aquatic walking, jumping jack, 
standing jump, and other simi-

lar exercises: Weeks1-12 MMSE-K 

Triglycerides 
HDL 
LDL 

IGF-1 C: 12 
Land-based  

exercise 
NR 

I: Intervention, C: Control, HIIT: high-intensity interval training, NR: Not Reported, HDL: High-Density Lipoprotein, LDL: Low-Density Lipoprotein,  
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Table 1. Continue….  

Authors Country 
Sample 

Size 

Intervention 
Method 

Intervention: 
Control 

Age Weeks
Weekly  
Exercise 

Frequency
Time Exercise Program 

Cognitive 
Assessment

Test 

Other 
Indicators 

So et al.  
(2024) 

Hong 
Kong, 
China 

I: 14 
Aquatic  
aerobic  
exercise I: 

65.9±0.8 
C:  

65.9±1.0 

NR NR 
30 

min 

Both groups performed a 20-
minute running exercise. In 
the Land group, participants 
ran at a speed and treadmill 
grade predetermined from a 
prior incremental test. In the 
Aquatic group, participants 
were required to run in the 
desired cadence, which was 
monitored by a metronome. 

DSST 
Cerebral 

blood flow 

C: 14 
Land-based  

exercise 

Sato et al. 
(2015) 

Japan 

I: 7 

Aquatic  
cognitive– 

motor 
exercise 

I: 69-76 
C: 69-86 

10 1 
50 

min 

10 minutes of walking, 30 
minutes of aquatic cognitive 
exercises, and 10 minutes of 
water-based stretching and 

relaxation. 
HDS-R 

Physical 
functions 

C: 7 
Aquatic  
strength  
training 

10 minutes of walking, 30 
minutes of strength and step 
exercises (including striding 
movements), and 10 minutes 
of water-based stretching and 

relaxation. 

Dunlap et al. 
(2024) 

USA 
I: 13 

Aquatic  
cognitive– 

motor 
exercise 

I: 83±7 
C: 81±8 

8 3 
45 

min 

Aquatic exercise and cogni-
tive training: Weeks1-8 (10-
minute warm-up; 25-minute 
training phase; 10-minute 

cool-down) 

Stroop 
color-word 

test 

Neurotrophic  
factors 

Functional 
mobility 
Balance 

C: 12 Nonexercising Usual care 

Kooncumchoo 
et al. (2025) 

Thailand 

I: 23 
Aquatic  

cognitive– 
motor exercise I:  

69.4±3.7 
C: 

68.3±3.3 

12 3 
60 

min 

10-min warm-up, 40-min of 
aerobic exercise, simultane-
ously with cognitive training 
involving recalling a number 
and color, and a 10-min cool-

down. MoCA 
Two MST 

BaPWV (cm/s) 

C: 23 
Aquatic  
aerobic  
exercise 

10 min of warm-up, 40-min 
of aerobic exercise(hip flex-
ion and abduction, side back 
kick, etc), and 10-min cool-

down. 

Carral et al. 
(2007) 

Spain 

I: 31 
Aquatic  
strength  
training 

I: 
68.5±3.40

C:  
68.3±3.5 

9 2 
45 

min 

Aquatic exercise: Weeks 1-9 
(6 of muscular resistance in 

the water, 9 of moving in dif-
ferent positions, etc.) + 

Strength.Training: weeks5-9 
(aerobic resistance and mo-

bility of the joints, body-
building, etc) MMSE 

Quality of life 
Cardiorespiratory 

fitness 

C: 31 Aquatic HIIT 

Aquatic exercise: Weeks1-9 
(6 of muscular resistance in 

the water, 9 of moving in dif-
ferent positions, etc.) + Cal-
isthenic Training: Weeks5-

9(walking, aerobic re-
sistance, etc) 

I: Intervention, C: Control, HIIT: high-intensity interval training, NR: Not Reported, HDL: High-Density Lipoprotein, LDL: Low-Density Lipoprotein. 

 
Publication Bias Analysis 
Publication bias was assessed using a funnel plot. Visual 
inspection revealed that the data points were approximately 
symmetrically distributed around the vertical midline, in-
dicating a low likelihood of significant publication bias. 
This was further supported by the statistical results, which 
showed that the majority of p-values were greater than 

0.05. Although the p-value for Study 7 reached statistical 
significance (p = 0.008), and Study 3 approached it (p = 
0.054), all other comparisons were non-significant (p = 
0.114 - 0.919). The absolute t-values across all studies 
ranged from 0.10 to 2.74, with degrees of freedom varying 
from 10.10 to 65.55 (Supplementary Figure 2), training 
day. 
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Figure 4. Forest plot for global inconsistency. The mean difference is in the Cognitive Assessment test for older adults, and the 
closer the value is to zero, the greater the consistency. A: Nonexercising control; B: Land-based exercise; C: Aquatic cognitive-
motor exercise; D: Aquatic aerobic exercise; E: Aquatic high-intensity interval training; F: Aquatic strength training. Ranking 
of intervention. 
 
Discussion 
 

The findings of the present study indicate that Aquatic cog-
nitive–motor exercise, which integrates aquatic exercise 
with cognitive training within a single protocol, appears to 
be the most effective aquatic exercise modality for improv-
ing cognition in older adults. The second most effective in-
tervention was Aquatic aerobic exercise. Although aquatic 
high-intensity interval training (HIIT) is currently a popu-
lar exercise modality among older adults, it appeared less 
effective for cognitive improvement in the present analy-
sis. These findings have important implications for inter-
vention planning, given that a greater proportion of exist-
ing studies have examined aquatic aerobic exercise or 
aquatic HIIT as strategies to improve cognition in older 
adults (Figure 3). Accordingly, clinicians and researchers 
may consider adopting Aquatic cognitive–motor exercise 
to enhance cognitive function in older adults. 

Multiple studies have also confirmed the effective-
ness and reliability of combining cognitive and motor ex-
ercises in healthy and cognitively impaired populations. 
Yang et al. (2020) reported that combined interventions 
can improve cognitive and physical functions in older 
adults with mild cognitive impairment (MCI). Venegas et 
al. (2024) comparing 13 different interventions, identified 

physical-cognitive exercise as one of the most effective 
nonpharmacological treatments for cognitive impairment. 
Yu et al. (2025) found that longer-term multi-domain cog-
nitive-motor training may improve cognitive function in 
patients with amnestic MCI. Moreover, aquatic cognitive-
motor exercise demonstrated a statistically significant ad-
vantage over the non-exercising control in the present 
NMA (Figure 6). providing further support for these find-
ings. 

The underlying mechanisms driving these observa-
tions are theoretically and biologically plausible. Cogni-
tive-motor exercise enhances physical capacities, such as 
aerobic fitness, through its motor component, thereby im-
proving brain structure and function. Simultaneously, the 
cognitive training component selectively stimulates 
higher-order brain functions, primarily improving 
memory, visuospatial abilities, attention, and other cogni-
tive domains in individuals with mild cognitive impairment 
(MCI). These two components work synergistically, com-
plementing and reinforcing distinct neural functions to pro-
duce a combined effect on cognition, maximizing interven-
tion efficacy, and improving cognitive performance (An-
derson-Hanley et al., 2018; Park et al., 2019; F. Yu et al., 
2018). Cognitive-motor exercise has been shown to benefit 
cognitively frail populations by increasing gray matter  
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density, improving functional efficiency in specific brain 
regions, enhancing functional connectivity within neural 
networks, modulating dopamine receptor density, and pre-
serving white matter integrity (Toril et al., 2014). Further-
more, the combination of physical and cognitive training 
can synergistically induce neuroplasticity, promoting neu-
rogenesis and synaptogenesis (Di Benedetto et al., 2017; 
Venegas-Sanabria et al., 2024). Notably, aquatic immer-
sion, due to hydrostatic pressure, redistributes blood to-
ward the upper body and increases cerebral blood flow. 
This has been confirmed by elevated blood flow velocity 
in the middle cerebral artery and posterior cerebral artery, 
providing a plausible explanation for the cognitive-enhanc-
ing mechanisms of aquatic exercise (Carter et al., 2014). 
Beyond hydrostatic effects, the thermal properties of water 
(e.g., warmth) may further promote relaxation, reduce psy-
chological stress, and facilitate neural recovery, potentially 
amplifying cognitive benefits (Shukla, 2025). In addition, 
the physical properties of water, such as buoyancy and re-
sistance, specifically augment cognitive-motor exercise by 
reducing joint stress and enabling safer dual-tasking com-
pared to land-based equivalents, allowing greater focus on 
cognitive elements while minimizing fall risk and fatigue 
(Dunlap et al., 2024). 

Cognitive-motor exercise is particularly relevant to  
activities of daily living, as many routine activities like 
crossing streets inherently require simultaneous cognitive 
and motor processing. Rezola-Pardo et al.'s study with 188 

cognitively frail older adults further substantiated these 
findings, demonstrating that dual-task exercise targeting 
essential cognitive functions for daily living(such as atten-
tion, executive functions, and semantic memory) outper-
formed exercise alone in improving gait speed, physical 
function, cognition, and mood (Rezola-Pardo et al., 2019). 
Compared with conventional physical exercise, cognitive-
motor exercise demonstrates superior efficacy in enhanc-
ing cognition-related activities, including optimizing pos-
tural control and motor performance, thereby elevating 
quality of life through this dual-benefit approach (Khan et 
al., 2022; Tao et al., 2022). 

 
 

 

 
 

Figure 6. Interval plot comparing the effect on global cogni-
tion between aquatic interventions and control in older 
adults. A: Nonexercising control; B: Land-based exercise; C: 
Aquatic cognitive-motor exercise; D: Aquatic aerobic exer-
cise; E: Aquatic high-intensity interval training; F: Aquatic 
strength training.  

 
 

 
 

 
 

Figure 5. Surface under the cumulative ranking plot and ranking table comparing the effects of aquatic exer-
cise on Cognitive Assessment test. Comparing each of the exercise therapies with control.  
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Other aquatic exercise methods besides Aquatic 
cognitive–motor exercise are also worth discussing and an-
alyzing. Previous studies have demonstrated that aerobic 
exercise enhances cardiorespiratory function in older 
adults (De Miguel et al., 2021), and that the level of cardi-
orespiratory fitness is positively correlated with brain plas-
ticity following exercise training (Berchicci et al., 2013; 
Perissiou et al., 2018). Nevertheless, Aerobic exercise may 
not represent the optimal intervention for improving cog-
nition in older adults. One possible explanation is that the 
transition from exercise to cognitive-motor exercise in-
duces significantly greater activation of the prefrontal cor-
tex, thereby requiring greater cognitive engagement than 
aerobic exercise alone (Ding et al., 2024). This study also 
found aerobic exercise to be superior to strength training, 
which is consistent with the 2019 World Health Organiza-
tion (WHO) guidelines titled "Risk reduction of cognitive 
decline and dementia"(Bull et al., 2020). In contrast, Wang 
et al.'s prior network meta-analysis reported that resistance 
exercise outperformed aerobic exercise—a discrepancy 
that may be attributable to differences in sample size, pop-
ulation characteristics, and the specific focus of the present 
analysis on aquatic strength training as a distinct subtype 
of resistance exercise(Wang et al., 2019). 

The SUCRA value for aquatic HIIT in this review 
was 49.12%. While HIIT has consistently demonstrated fa-
vorable outcomes in other literature (Oliveira et al., 2024). 
The unique physiological and safety considerations of 
older adults may make it difficult to achieve the requisite 
training intensities in an aquatic environment. Differences 
between land and water environments could also contribute 
to its slightly inferior performance. More research on 
aquatic high-intensity interval training is needed to verify 
and further explore its effects. The close proximity be-
tween the SUCRA value of aquatic high-intensity interval 
training (49.12%) and that of the land-based group 
(48.34%) indicates that aquatic exercise can achieve at 
least comparable, if not superior, effectiveness to land-
based training. 

Several limitations of the present review warrant fu-
ture consideration. First, the evidence base is limited, with 
only nine studies included and relatively small sample 
sizes, which may reduce the precision and reliability of SU-
CRArankings. Second, the absence of long-term follow-up 
data precluded assessment of the sustainability of cognitive 
benefits, as well as subgroup analyses for specific popula-
tions such as those with MCI. Third, disparities in post-in-
tervention sample sizes across studies may limit the gener-
alizability and comparability of findings, and variations in 
exercise parameters (e.g., frequency, intensity, session du-
ration) across trials may compromise the stability and com-
parability of the results. Clinical heterogeneity among in-
cluded populations—ranging from healthy older adults to 
those with MCI or type 2 diabetes—was not formally ex-
amined through subgroup analyses, due to the insufficient 
number of studies within each subgroup. Furthermore, the 
aggregation of diverse cognitive outcomes into a single 
composite effect size using (SMD) introduces conceptual 
heterogeneity, as the included instruments — global 
screening tools (e.g., MMSE, MMSE-K, MoCA T-score, 
HDS-R) and domain-specific measures (e.g., DSST and 

SDMT for processing speed, Raven's Progressive Matrices 
for fluid reasoning, and the Stroop color-word test for ex-
ecutive function and selective attention)—assess overlap-
ping, but distinct cognitive constructs. This heterogeneity, 
not fully captured by statistical indices, may compromise 
the construct validity, interpretability, and reliability of the 
pooled effect estimates. Additionally, most individual ef-
fect estimates were imprecise, as reflected by wide confi-
dence intervals, suggesting insufficient statistical power ra-
ther than true null effects. Finally, the funnel plot's ability 
to detect publication bias is inherently constrained in a 
small, sparse network. These limitations highlight im-
portant priorities for future research without undermine the 
overall clinical relevance of the present findings. 

The finding that all aquatic exercise modalities 
demonstrated cognitive benefits at least comparable to 
those of land‑based exercise, offering a safe and effective 
alternative for older adults with mobility limitations, oste-
oarticular diseases, or fear of falling. In clinical practice, a 
hybrid "water-land combined" model may also be consid-
ered to leverage complementary stimuli, including exercise 
variety, engagement, and neuroplasticity. This study re-
veals gaps in the existing evidence regarding long - term 
effects, standardized protocols, and population-specific 
outcomes. Accordingly, clinicians are encouraged to sys-
tematically document training parameters and individual 
responses when implementing aquatic exercise interven-
tions, thereby contributing to real-world evidence accumu-
lation and supporting the development of more precise ac-
tionable clinical guidelines in the future. 
 
Conclusion 
 
In conclusion, this network meta-analysis is the first to 
comparatively evaluate multiple aquatic exercise modali-
ties and suggests that aquatic cognitive–motor exercise 
may represent the most promising aquatic intervention for 
improving cognitive function in older adults (SUCRA = 
85.36%), with aquatic aerobic exercise emerging as a via-
ble alternative (SUCRA = 61.44%). Importantly, all 
aquatic exercise modalities yielded cognitive benefits at 
least as great as those of land-based exercise, supporting 
the integration of aquatic programs into exercise guidelines 
for aging populations. The finding that popular aquatic 
HIIT showed modest cognitive effects (SUCRA = 49.12%) 
suggests that intensity alone may be insufficient and that 
cognitive engagement appears critical for maximizing cog-
nitive benefits. Future research priorities may include: 1) 
standardizing aquatic cognitive-motor training protocols 
with defined cognitive tasks and progression parameters; 
2) conducting adequately powered RCTs with long-term 
follow-up; 3) exploring mechanisms through neuroimag-
ing and biomarker studies; and 4) investigating effective-
ness in specific populations including those with mild cog-
nitive impairment and dementia, and 5) Explore the effi-
cacy of aquatic exercise in older adults across the cognitive 
spectrum (from healthy to impaired). 
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Key points 
 
 Aquatic cognitive-motor exercise ranked highest for im-

proving cognition (SUCRA = 85.36%), followed by aquatic 
aerobic exercise (61.44%); all aquatic modalities were at 
least as effective as land-based exercise. 

 Aquatic cognitive-motor exercise is the most promising for 
cognitive enhancement in older adults; cognitive engage-
ment is key over intensity alone, supporting integration into 
guidelines for aging populations with suggestions for future 
research on long-term effects. 
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Supplementary Table S1. Search strategies for the systematic review. 
Database Search Strategy 

PubMed 

(((("elderly"[Title/Abstract] OR "older adults"[Title/Abstract] OR "aged"[MeSH Terms] OR "seniors"[Ti-
tle/Abstract] OR "geriatric"[Title/Abstract] OR "aging"[MeSH Terms] OR "elder"[Title/Abstract]))) AND 
(("aquatic exercise"[Title/Abstract] OR "aquatic therapy"[Title/Abstract] OR "hydrotherapy"[MeSH Terms] 
OR "water-based exercise"[Title/Abstract] OR "aquatic rehabilitation"[Title/Abstract] OR "water aero-
bics"[Title/Abstract] OR "swimming therapy"[Title/Abstract] OR "swim"[Title/Abstract]))) AND (("cogni-
tive function"[Title/Abstract] OR "cognition"[MeSH Terms] OR "cognitive impairment"[Title/Abstract] OR 
"cognitive performance"[Title/Abstract] OR "neuropsychological tests"[MeSH Terms])) 

Web of Science 

TS=("elderly" OR "older adults" OR "aged" OR "seniors" OR "geriatric" OR "aging" OR "elder") AND 
TS=("aquatic exercise" OR "aquatic therapy" OR "hydrotherapy" OR "water-based exercise" OR "aquatic 
rehabilitation" OR "water aerobics" OR "swimming therapy" OR "swim") AND TS=("cognitive function" 
OR "cognition" OR "cognitive impairment" OR "cognitive performance" OR "neuropsychological tests") 

Embase 

('elderly':ab,ti OR 'older adults':ab,ti OR 'aged'/exp OR 'seniors':ab,ti OR 'geriatric':ab,ti OR 'aging'/exp OR 
'elder':ab,ti) AND ('aquatic exercise':ab,ti OR 'aquatic therapy':ab,ti OR 'hydrotherapy'/exp OR 'water-based 
exercise':ab,ti OR 'aquatic rehabilitation':ab,ti OR 'water aerobics':ab,ti OR 'swimming therapy':ab,ti OR 
'swim':ab,ti) AND ('cognitive function':ab,ti OR 'cognition'/exp OR 'cognitive impairment':ab,ti OR 'cogni-
tive performance':ab,ti OR 'neuropsychological tests'/exp) 

Cochrane Library 

("elderly" OR "older adults" OR "aged" OR "seniors" OR "geriatric" OR "aging" OR "elder") IN Title Ab-
stract Keyword AND ("aquatic exercise" OR "aquatic therapy" OR "hydrotherapy" OR "water-based exer-
cise" OR "aquatic rehabilitation" OR "water aerobics" OR "swimming therapy" OR "swim") IN Title Ab-
stract Keyword AND ("cognitive function" OR "cognition" OR "cognitive impairment" OR "cognitive per-
formance" OR "neuropsychological tests") IN Title Abstract Keyword 

CNKI (China  
National Knowledge 
Infrastructure) 

(SU='老年人' OR SU='老人' OR SU='老年' OR SU='老龄') AND (SU='水中运动' OR SU='水疗' OR SU='
水中康复' OR SU='游泳' OR SU='水上运动' OR SU='水中健身') AND (SU='认知' OR SU='认知功能' 
OR SU='认知障碍' OR SU='记忆力') 
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Supplementary Figure S1. Summary of certainty of evidence assessment (GRADE) for different comparisons. 
 

 

 

 
 

                                                     Supplementary Figure 2. Funnel plot. 
 


