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Background and Purpose: Metabolic syndrome (MetS) is a cluster of disorders increasing 
cardiovascular risk. Exercise is a key intervention, but the optimal environment (land vs water) 
for modulating metabolic hepatokines, like angiopoietin-like protein 4 (ANGPTL4) and improving 
functional outcomes, like balance in the elderly with MetS remains unclear. This study compared 
the effects of eight-week combined (aerobic+resistance) exercise programs performed on land 
versus in water on ANGPTL4 levels, balance, and anthropometric indices in elderly men with MetS.

Materials and Methods:  In this quasi-experimental study, 45 elderly men (age: 63. 14±3.23 
years) with MetS were assigned to three groups: The water exercise (WE) group, the land 
exercise (LE) group, and  the control group (CG). The exercise interventions consisted of three 
sessions per week for eight weeks. Fasting serum ANGPTL4 levels, functional balance (static 
and dynamic), and anthropometric indices were assessed pre- and post-intervention. Data 
were analyzed using repeated measures ANOVA, Friedman, and appropriate Bonferroni and 
Games-Howell post-hoc tests.

Results: While ANGPTL4 levels decreased slightly in the exercise groups and increased in the CG, 
these changes were not statistically significant (P>0.05). Both exercise groups showed significant 
within-group improvements in dynamic balance and static balance with eyes open (P<0.05), but no 
significant between-group differences were found. Body mass index (BMI) decreased significantly 
only in the WE group (P<0.05).

Conclusion: Eight weeks of combined exercise training, whether on land or in water, improved 
balance performance but did not significantly alter serum ANGPTL4 levels in elderly men with 
MetS. Water-based exercise may offer a superior advantage for reducing BMI. The lack of significant 
change in ANGPTL4 may suggest a complex relationship influenced by age, training duration, and 
measurement specificity, warranting further investigation.
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Introduction

he increasing prevalence of the elderly 
population, along with the associated 
health challenges faced by older individu-
als, represents a significant concern for the 
international community. Aging is often 

accompanied by physical frailty and a decline in cogni-
tive function [1]. The demographic shift toward an ag-
ing global population is a critical factor contributing to 
the rising incidence of metabolic syndrome (MetS), as 
older adults frequently exhibit a combination of cardio-
vascular and metabolic risk factors that characterize this 
syndrome [2]. Key indicators of MetS include increased 
waist circumference, elevated fasting serum glucose 
levels, heightened serum triglyceride levels, hyperten-
sion, and decreased levels of high-density lipoprotein 
(HDL). The diagnosis of MetS necessitates the presence 
of three or more of these specified criteria [3]. 

Several proteins are recognized as being exclusively or 
predominantly secreted by the liver, exerting a direct 
influence on energy metabolism. These proteins, re-
ferred to as hepatokines, are integral to the modulation 
of insulin resistance and the enhancement of metabolic 
variables in individuals with type 2 diabetes [4]. Angio-
poietin-like proteins (ANGPTLs) are liver-derived factors 
that share structural similarities with angiopoietin. No-
tably, ANGPTLs 3, 4, and 8 are critical in the regulation 
of lipid metabolism, primarily functioning to inhibit the 
activity of lipoprotein lipase (LPL) in circulation through 
specific binding interactions [5, 6]. ANGPTL4 is predomi-
nantly released from the liver in response to exercise. 
Furthermore, weight gain has been associated with el-
evated serum levels of ANGPTL4, whereas weight loss 
correlates with a reduction in its levels among young 
and middle-aged adults [6]. Nevertheless, there is a 
paucity of information regarding the effects of exer-
cise combined with weight loss on ANGPTL4 expres-
sion levels in skeletal muscle and serum among older 
adults with metabolic syndrome [7]. Recent studies also 
suggest that high systemic levels of ANGPTL4, often 
observed in inflammatory conditions and obesity, may 
contribute to muscle atrophy and reduced mitochondri-
al function by inducing insulin resistance and disrupting 
insulin signaling in muscle. This, in turn, can indirectly 
affect individuals’ balance [8].

Falls are recognized as a significant health issue among 
the aging population, with fall-related injuries—includ-
ing fractures, disabilities, substantial financial burdens 
on governments and families, and mortality—being 
a primary concern for the World Health Organization 

(WHO). Consequently, the identification of risk factors 
and specific preventive strategies for falls among the el-
derly is of paramount importance [9]. Balance is a highly 
complex function that encompasses both musculoskel-
etal and nervous system components. Functional factors 
influencing balance include vision, hearing, vestibular 
sense, proprioception, spatial perception, environmen-
tal changes, muscular strength, endurance, joint flexibil-
ity, and the central nervous system’s response to spe-
cific stimuli [10]. Age-related physical and physiological 
changes are associated with diminished flexibility, agil-
ity, speed, and balance [11]. Reduced muscular strength 
and decreased efficiency of the cardiovascular-respira-
tory system with advancing age contribute to this phe-
nomenon. Endurance and resistance training may help 
sustain cardiovascular-respiratory efficiency, enhance 
strength, and mitigate joint degeneration [12]. Aquatic 
exercise has been shown to be effective in maintaining 
and improving physical performance in healthy older 
adults [13]. Given that diabetic patients are susceptible 
to chronic complications, including peripheral neuropa-
thy, and face an increased risk of injuries and foot le-
sions, water-based exercise or hydrotherapy can be 
particularly beneficial. When submerged, an individual 
experiences only 56% of his/her body weight, resulting 
in minimal joint pressure and a lower risk of injury. Addi-
tionally, exercising in water can enhance endurance and 
muscle tone by increasing pressure on the muscles [14].

However, given that access to water-based exercise 
may not be universally available and often necessi-
tates costly equipment, it is important to understand 
the comparative effects of endurance and resistance 
training in both terrestrial and aquatic environments 
on inflammatory factors that influence the progression 
of metabolic syndrome indices and the maintenance 
of balance performance. This understanding can yield 
practical insights for this segment of the elderly popu-
lation and healthcare professionals. Accordingly, this 
study assessed the impact of combined land-water ex-
ercises (WE) on ANGPTL4 expression and balance im-
provement in elderly patients with metabolic syndrome. 
It compared the differential effects of these exercises on 
physical performance metrics and ANGPTL4 modulation 
to identify optimal intervention strategies.

Materials and Methods

This quasi-experimental study utilized a pre-test/post-
test design. Forty-five elderly men with MetS (defined 
by fasting blood sugar >100 mg/dL [15], triglycerides 
(TG)>150 mg/dL [16], waist circumference >90 cm) 
were recruited from the Toooba Clinic at Razi Hospital, 
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Qaemshahr. Exclusion criteria were cardiovascular dis-
ease, hormonal disorders, kidney and liver diseases, re-
cent surgery, smoking, changing the dose of medication 
from previous conditions, and any therapeutic inter-
vention affecting laboratory results. Participants were 
selected through purposive and convenience sampling 
and were randomly divided into three groups (n=15 
each): The WE group, the land exercise (LE) group, and 
the control group (CG) who maintained their usual daily 
activities using a computer-generated random number 
sequence. A questionnaire on daily calorie consumption 
and food type was completed by the subjects, and they 
were asked to adhere to their usual dietary routine dur-
ing the research period. 

The sample size for this study was calculated using 
G*Power software, version 3.1. An a priori power analy-
sis was conducted for a repeated measures ANOVA 
(within-between interaction), based on the study’s 
primary outcome variable: The change in ANGPTL4 
concentration. Drawing from previous studies on the 
effects of exercise training on ANGPTL4, a moderate ef-
fect size (f=0.25) was assumed. With the significance 
level (α) set at 0.05 and the desired statistical power set 
at 80% (β=0.20), the analysis revealed that a minimum 
of 14 participants per group was required. To account 
for a potential 10% attrition rate, we recruited a final 
sample of 15 participants per group. 

The training program for the exercise groups consisted 
of three sessions per week for eight weeks (Tables 1 
and 2). The elastic bands included colors, such as yellow 
(light), red (medium), green (heavy), blue (very heavy), 
black (special heavy), silver (very heavy), and gold (maxi-
mum) [17]. Considering the physiological reduction in 
muscular strength in the elderly and the physical capa-

bilities of the participants, only three colors—red (medi-
um), green (heavy), and blue (very heavy)—were used.

Initially, combined exercises were conducted, followed 
by a 10-minute active rest period, after which endur-
ance exercises were performed. Exercise intensity was 
monitored using a Polar chest pulse monitor [18]. To 
determine the maximum heart rate (HRmax), the age-
predicted formula from Fox and Haskell (220-age) was 
used. Blood samples were collected 24 hours prior to 
the first exercise session and 48 hours following the final 
session [19]. The serum obtained from these samples 
was utilized to measure serum ANGPTL4 levels. Mea-
surements of serum ANGPTL4 levels were conducted 
using a human-specific Zallbio kit manufactured in Ger-
many, which possesses a sensitivity of 3 ng/mL and em-
ploys the sandwich ELISA method [20]. Body mass index 
(BMI) was calculated using the formula weight (kg) di-
vided by height (m²). Anthropometric indices were as-
sessed utilizing a 3D scanning device (top genesis), man-
ufactured in Iran, to evaluate height, weight, BMI, body 
fat percentage, and waist circumference (validity and 
reliability of 0.982) [21]. To assess balance performance 
indices, including static balance with eyes open and 
closed, as well as dynamic balance, established tests, 
such as the Sharpened Romberg test (reliability with 
eyes open: 0.90-0.91 and reliability with eyes closed: 
0.76-0.77) [22] and the functional reach test (FRT) with 
a validity and reliability of 0.98 [23] were employed. To 
ensure blinding and reduce the use of subjective judg-
ment, all members of the evaluation team (blood sam-
pling and functional testing) with the exception of the 
principal investigator, were blinded to the group alloca-
tion of the participants. 
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Table 1. Details of circuit resistance exercises training

Type of 
Exercise Week No. of 

Circuits
Thera Band  

Color Repetitions Rest Between 
Stations (sec)

Rest Between 
Circuits (min) Exercise Form

Circular 
resistance 

training

1 2 Red 10-12 30-60 2

Upper body: Bench 
press, shoulder press, 

biceps curls, and 
triceps extensions.
Lower body: Leg 
press, calf raises, 

quadriceps exercises, 
and hamstring 

exercises.
Resistance exercises 

were conducted 
utilizing elastic bands. 

2 2 Red 12-14 30-60 2

3 2 Green 8-10 30-60 2

4 2 Green 10-12 30-60 2

5 2 Green 12-14 30-60 2

6 2 Blue 8-10 30-60 2

7 2 Blue 10-12 30-60 2

8 2 Blue 12-14 30-60 2
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To evaluate the normality of the data, the Shapiro-Wilk 
test was used, and to ensure the homogeneity of vari-
ances, the Levene’s test was used. Also, before perform-
ing repeated measures analysis of variance, the spherici-
ty of the variance difference between the subject groups 
was evaluated using the Mauchly’s Sphericity test. Con-
sidering the results of the Shapiro-Wilk test and the nor-
mality of all data except for weight, data analysis using 
repeated measures ANOVA was used for normal data, 
and the Friedman test was used for weight. After con-
firming the normality of the data and before comparing 
between groups, the Levene’s test was used to ensure 
the homogeneity of variances. According to the results 
of the Levene’s test and homogeneity of variance for all 
data except for the blindfolded balance test, the Bonfer-
roni test was used for other data and the Games-Howell 
test was used for the blindfolded balance test. A signifi-
cance threshold of P<0.05 was considered for statistical 
analysis. To calculate the percentage change, the differ-
ence between the final value (post-test) and the initial 
value (pre-test) was calculated. This result was then di-
vided by the initial value. Finally, the outcome was multi-
plied by 100 to obtain the percentage (Equation 1): 

1. Percentage change=Pre-test mean(Post-test Mean−
Pre-test Mean)×100

Results

At baseline, the Mean±SD values for the aquatic ex-
ercise, land-based exercise, and CGs, respectively, were 
as follows: Weight: 84.07±15.76 kg, 78.36±9.76 kg, and 
83.32±12.73 kg; BMI: 28.46±4.87 kg/m², 26.25±2.78 
kg/m², and 28.33±3.34 kg/m², and body fat percentage: 
24.92±7.44%, 23.90±4.80%, and 27.76±6.90%. 

The results of the descriptive statistics concerning the 
anthropometric characteristics are presented in Table 3. 
The percentage changes indicated a decrease in weight 
and body fat percentage in both exercise groups, as well 
as a decrease in BMI in the aquatic exercise group.

Considering that all indices, with the exception of 
weight, exhibited a normal distribution (P>0.05), the 
Games-Howell post-hoc test was employed to identify 
the specific locations of weight differences. The Lev-
ene’s test confirmed homogeneity in body composition 
variables (BMI and body fat percentage), ANGPTL4 lev-
els, and performance assessments (static balance with 
eyes open and dynamic balance) (P>0.05). Consequent-
ly, when deemed necessary, the Bonferroni post-hoc 
test was applied (Table 4).

Based on the results presented in Table 5, it is evident 
that the interaction effect of time within the group for 
the ANGPTL4 variable (P=0.303) was not statistically sig-
nificant. This finding suggests that there were no mean-
ingful changes among the three groups examined.

In Table 6, the results of the comparison of mean intro-
version indicate that, despite the observed decrease in 
ANGPTL4 levels in the training groups and an increase in 
the CGs, no statistically significant difference was found 
among the three study groups. 

According to the results of Table 7, in the assessment 
of static balance with eyes open, a statistically signifi-
cant difference was identified among the study groups 
(P=0.01). The post-hoc test results did not show signifi-
cant differences between the groups at the two time 
points, before and after the study; it appears that the 

Table 2. Details of aerobic exercises training

Type of 
Exercise Row Week Intensity % 

HRmax
Sets×Repetitions (Per 

Minute)
Rest Between 

Repetitions (Sec) Exercise Form

Aerobic 
exercises

1 1 65-70 3×5 60-90

Running, brisk walking, 
and stair climbing 

were implemented 
in an interval format, 
utilizing similar types 
of exercises for both 

groups.

2 2 65-70 3×6 60-90

3 3 70-75 3×6 60-90

4 4 70-75 3×7 60-90

5 5 75-80 3×7 60-90

6 6 75-80 3×8 60-90

7 7 80-85 3×8 60-90

8 8 80-85 3×9 60-90

HRmax: Maximum heart rate.
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timing of the changes differed from the post-test time. 
No differences were observed between the groups for 
the other indices (P>0.05). However, the results of the 
post-hoc tests did not reveal significant differences be-
tween the groups at the two time points measured, 
both prior to and following the intervention; it seems 
that the timing of the observed changes diverged from 
the post-test assessment. Furthermore, no significant 
differences were noted between the groups concerning 
the other indices (P=0.24).

Intra-group mean comparisons indicated that both 
dynamic balance and static balance with eyes open 
exhibited significant improvements in all three groups 
when compared to pre-test measurements (P<0.05) 
(Figure 1). However, the results of the post-hoc did not 
reveal significant differences between the groups at the 
two time points measured, both prior to and following 
the intervention; it appears that the timing of the ob-
served changes diverged from the post-test assessment. 
Furthermore, no significant differences were noted be-
tween the groups concerning the other indices (P>0.05). 

Graph 1 shows significant improvement in eyes-open 
balance in all groups from pre-test to post-test. The 
slopes of the different lines indicate that the rate of 
improvement varied across groups (significant interac-
tion effect), with the first group (likely the land or water 
training group) likely improving the most (P=0.001). No 
significant change was observed in eyes-closed balance 
scores over time and between groups. This graph clearly 
demonstrates this lack of change (P>0.05). A significant 
improvement in dynamic balance scores was evident in 
all groups from pre-test to post-test (P=0.001). Although 
the group and interaction effects were not significant, 
the graph shows that all groups benefited from the in-
tervention.

Discussion

The present study’s results, which indicated no statisti-
cally significant alterations in ANGPTL4 levels following 
exercise interventions, are consistent with the existing 
body of literature.

Table 3. Anthropometric characteristics (weight, BMI, and body fat percentage) of the participants at pre- and post-test phases (n=15)

Change (%)
Mean±SD

GroupVariables
Post-testPre-test

-1.5982.73±15.4884.07±15.76WE

Weight (kg) -0.0378.33±8.8978.36±9.76LE

0.1483.44±13.0983.32±12.73Control

-1.5428.02±4.8128.46±4.87WE

BMI (kg/m²) 0.0326.26±2.6026.25±2.78LE

0.1728.38±3.5828.33±3.34Control

-2.4024.32±6.7124.92±7.44WE

Body fat (%) -0.2523.84±3.9923.90±4.80LE

-0.3227.67±7.3327.76±6.90Control

Table 4. Serum levels of ANGPTL4 in the three study groups at pre- and post-test phases (n=15)

Variable Groups
Mean±SD

Change (%)
Pre-test Post-test

ANGPTL4 (pg/mL)

WE 71.06±23.19 69.60±19.00 -2.05

LE 61.46±22.97 60.46±19.88 -1.62

Control 56.06±23.83 57.26±24.88 2.14
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This finding aligns with that of Li et al. who reported 
no significant changes in serum or skeletal muscle AN-
GPTL4 levels following a six-month combined exercise 
and weight loss program in older adults with obesity. 
The authors attributed the lack of significant change to 
participants’ age, BMI, and the type of tissue analyzed, 
also noting the limitation of a small sample size [7]. Sim-
ilarly, Banitalebi et al. found that neither sprint interval 
training (SIT) nor combined aerobic and resistance train-
ing (A+R) over 10 weeks induced significant changes in 
circulating ANGPTL4 levels in middle-aged overweight 
women with type 2 diabetes. Furthermore, changes in 
myokines were not correlated with improvements in 
body composition or metabolic profiles [24]. Further 
supporting this consensus, Karami et al. observed no 
significant differences in serum ANGPTL4 following an 
eight-week regimen of either high-intensity combined 
training or aerobic-only training in women with type 2 
diabetes. They proposed that an exercise duration of 
less than three months may be insufficient to modulate 
the molecular mechanisms governing ANGPTL4 secre-
tion via free fatty acid (FA) stimulation [25]. 

Collectively, these studies, including the present study, 
suggest that short- to medium-term exercise inter-
ventions (up to six months), across various modalities 
(aerobic, resistance, high-intensity interval, or com-
bined), do not consistently elicit significant changes in 
ANGPTL4 levels in populations with obesity or type 2 
diabetes. The response of this protein appears to be in-
fluenced by factors, such as intervention duration, par-
ticipants’ demographics (age and BMI), and the specific 
tissue sampled. The consistent lack of change in ANG-
PTL4 following exercise, as highlighted in the summary, 
presents an intriguing physiological paradox. ANGPTL4 
is a potent inhibitor of LPL, an enzyme crucial for hy-
drolyzing TG in circulating VLDL and chylomicrons for 
storage in adipose tissue or oxidation in muscle. Dur-
ing exercise, energy demand in skeletal muscle surges. 
A logical physiological adaptation would be to suppress 
ANGPTL4 to disinhibit LPL activity in muscle, thereby 
facilitating increased FA uptake and oxidation to meet 
energy needs. Concurrently, a potential increase in AN-
GPTL4 in adipose tissue could reduce LPL activity there, 
redirecting lipid flux away from storage and toward 

Table 5. Results of the repeated measures ANOVA for the effects of time, group, and their interaction on ANGPTL4 levels 

Variable Groups Sum of 
Squares

Degree of 
Freedom F Statistic Partial 

Eta-Squared P Effect Size

ANGPTL4 
(pg/mL)

Time 76.086 1 0.970

0.001

0.331 0.24

Group 1727.345 2 2.062 0.140 0.093

Time×group 95.503 2 1.231 0.303 0.058

Figure 1. Comparative analysis of intra-group variations in performance balance indices (static balance with eyes open and closed and 
dynamic balance)

Note: The “eyes closed” lines show minimal change, reflecting the non-significant findings. The “eyes open” lines show clear separation, 
indicating the interaction effect. The “dynamic” lines show strong improvement for all groups, highlighting the main effect of time. Land-
based exercise group: Blue; Water-based exercise group: Green; Control group: Red. 
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working muscle. This tissue-specific regulation is a cen-
tral hypothesis in exercise metabolism [26]. The body’s 
energy regulation is highly redundant. Other pathways 
may compensate to ensure fuel delivery to muscle with-
out requiring a significant shift in systemic ANGPTL4. For 
instance, exercise dramatically increases the transloca-
tion of FAT/CD36 and FABPpm FA transporters to the 
sarcolemma, enhancing direct FA uptake from the plas-
ma pool independent of LPL activity. This could diminish 
the necessity for robust ANGPTL4 down regulation [27]. 
The regulation of ANGPTL4 is complex and influenced 
by other factors. It is strongly induced by fasting and 
PPAR agonists (e.g. fibrates) and suppressed by insulin. 
In the cited studies involving participants with obesity 
and type 2 diabetes (who often have insulin resistance), 
this hormonal milieu may blunt the exercise-induced 
regulation of ANGPTL4. Furthermore, the weight loss 
interventions (e.g. caloric restriction) can confound the 
pure exercise effect, as weight loss is known to influence 
ANGPTL4 levels [8]. 

In contrast to the previously cited null findings, several 
studies report a significant exercise-induced reduction in 
ANGPTL4 levels. Dastah and Babaei demonstrated that 
12 weeks of water-based exercise led to a significant de-
crease in serum ANGPTL4 in obese women compared 
to a CG [19]. Similarly, Soori et al. found that 12 weeks 
of resistance training significantly reduced ANGPTL4 
levels within a group of sedentary obese postmeno-
pausal women [28]. These studies suggest that under 
specific conditions—such as certain exercise modalities 
(water-based, resistance) and in particular populations 
(postmenopausal women)—exercise can indeed modu-
late ANGPTL4 expression. The apparent contradiction 
between studies showing no change and those showing 
a significant decrease in ANGPTL4 post-exercise can be 
reconciled by examining the nuances of exercise modal-
ity, population physiology, and measurement timing. 
The studies by Dastah and Babaei (WE) [19] and Soori 
et al. [28] (resistance training) involved modalities that 
impose unique metabolic and hormonal demands. Re-
sistance training, in particular, is a potent stimulator of 
muscle hypertrophy and anabolic hormones, like growth 

Table 6. Comparative analysis of intra-group variations in ANGPTL4 levels

Variable Groups
Stage

Change (%) P Effect Size
Pre-test Post-test

ANGPTL4 (pg/mL)

WE 71.06±23.19 69.60±19.00 -1.4 0.721 0.009

LE 61.46±22.97 60.46±19.88 -1.63 0.179 0.145

Control 56.06±23.83 57.26±24.88 1.78 0.214 0.108

Table 7. Results of the repeated measures ANOVA on changes in performance balance indices (static balance with eyes open and closed 
and dynamic balance) among elderly individuals with metabolic syndrome 

Variables Groups Sum of 
Squares

Degree of 
Freedom F Statistic Partial 

Eta- Squared P Effect Size

Static 
Balance 

with Eyes 
Opened

Time 13.611 1 25.906

0.509

0.001* 0.382

Group 0.578 2 0.447 0.643 0.021

Time×group 1.911 2 25.906 0.001* 0.382

Static Bal-
ance with 

Eyes Closed

Time 0.044 1 0.509

0.04

0.479 0.012

Group 0.211 2 1.822 0.174 0.080

Time×group 0.144 2 1.655 0.203 0.073

Dynamic 
Balance

Time 1269.378 1 141.291

0.135

0.001* 0.771

Group 120.211 2 2.167 0.127 0.094

Time×group 13.144 2 1.463 0.243 0.065

*Significant at P<0.05.
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hormone and testosterone, which can influence lipid 
metabolism and ANGPTL4 expression [29]. WE, while 
aerobic, also provides constant resistance and may in-
duce a different physiological stress profile compared to 
land-based running or cycling, potentially explaining the 
divergent findings [30]. The population in the Soori et 
al. [28] study is a critical factor. The decline in estrogen 
during menopause is associated with unfavorable shifts 
in lipid metabolism and adipose tissue distribution. Es-
trogen is known to influence ANGPTL4 expression [31]. 
Therefore, exercise in this population may have a more 
pronounced effect on correcting a dysregulated meta-
bolic state, leading to a significant drop in ANGPTL4 
that might not be as evident in eumenorrheic or male 
cohorts. The baseline metabolic health and adiposity of 
participants are crucial. It is hypothesized that exercise 
may have a more potent effect on lowering ANGPTL4 in 
individuals with higher initial levels or greater metabolic 
dysfunction [32]. The participants in the studies show-
ing a decrease were obese, while other null-finding 
studies included overweight and obese individuals.

It has been reported that ANGPTL4 levels increase in 
resting muscles during exercise, subsequently reducing 
LPL activity. This mechanism appears to facilitate the 
preferential utilization of FAs derived from TG as fuel for 
active skeletal muscles [32]. Several factors are known 
to influence variations in ANGPTL4 levels, including ad-
vanced age—characterized by heightened inflammatory 
and oxidative states—BMI, shifts in the fat tissue to skele-
tal muscle distribution ratio, limited sample sizes in stud-
ies, and the observed impact of ANGPTL4 on short-term 
energy redistribution, which does not seem to manifest 
long-term effects [7]. In this context, the absence of in-
creased ANGPTL4 levels in elderly individuals with meta-
bolic syndrome may suggest favorable conditions for the 
reduction of liver fat accumulation and blood lipid levels, 
potentially achievable through both terrestrial and aquat-
ic exercise interventions; however, additional research is 
necessary to validate this hypothesis.

In another part of the present study, balance perfor-
mance was assessed. A significant difference was ob-
served in the balance index with eyes open among the 
studied groups, but the results of the post hoc tests did 
not indicate a significant difference between the two 
time points before and after the exercises in the present 
groups. The results of intra-group mean comparisons 
showed that dynamic balance and balance with eyes 
open improved significantly in the exercise groups com-
pared to the pre-test, whereas no significant changes 
were observed in the balance with eyes closed variable 
across the three groups. 

In a study involving older women (n=63), participants 
were randomly assigned to one of three groups: Neuro-
muscular proprioceptive facilitation, Pilates, or a CG. An 
exercise program, comprising 50-minute sessions, was 
implemented three times per week over a duration of 
four weeks for both the neuromuscular facilitation and 
Pilates groups. The results indicated that the neuro-
muscular facilitation group exhibited a statistically sig-
nificant reduction in most stability parameters assessed, 
alongside improvements in Borg balance scale scores, 
functional test outcomes, and timed up and go (TUG) 
test results compared to the CG [33].

Another study investigated the effects of integrated in-
stability resistance training and cognitive training (IRCT) 
compared to isolated instability resistance training (IRT) 
among two groups of 18 women, focusing on balance, 
walking, muscle strength, and cognitive functions. The 
one-leg stand test with eyes closed was utilized to as-
sess static balance, while the step test with eyes closed 
and the TUG test were employed for the evaluation of 
dynamic balance. The IRCT group demonstrated great-
er enhancements in dual cognitive abilities and motor 
skills in comparison to the IRT group. Both groups dis-
played improvements in walking ability [34].

A study was conducted to evaluate the long-term ef-
fects of a physical exercise program on balance and the 
fear of falling among elderly participants aged 60 years 
and older who exhibited balance issues. Participants 
engaged in a one-month physical exercise regimen. The 
FRT was utilized to assess balance, while the falls effi-
cacy scale-international (FES-I) was employed to evalu-
ate the fear of falling. The results indicated a significant 
difference in FRT and FES-I scores both before and after 
the intervention, as well as between pre-intervention 
measurements and those taken two years later. Notable 
improvements in balance and reductions in the fear of 
falling were observed one month and two years follow-
ing the completion of the program [35].

In the present study, the significant improvement in 
eyes-open balance indicates that the exercise interven-
tion successfully enhanced neuromuscular function and 
proprioceptive integration. However, the persistence of 
this improvement only when visual input was available 
suggests that participants continued to rely heavily on 
vision as their primary reference for stability. This is a 
common compensatory strategy, particularly in popula-
tions with underlying balance deficits, where vision is 
used to compensate for less reliable somatosensory or 
vestibular signals [36].
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The exercise likely improved the capacity to utilize this 
visual information more effectively alongside strength-
ened motor outputs, leading to better performance in 
eyes-open conditions [37]. The lack of improvement in 
eyes-closed balance is particularly revealing. It suggests 
that the training stimulus was not sufficiently specific or 
intense to induce significant neuroplasticity within the 
somatosensory and vestibular systems independently. 
Closing the eyes removes the dominant visual reference 
and forces the brain to rely exclusively on propriocep-
tive and vestibular cues. The absence of change in this 
condition implies that the neural pathways dedicated 
to processing these non-visual signals did not undergo 
substantial adaptation [38]. In essence, the training en-
hanced the ability to use proprioception in a supported 
context (with vision) but not in an isolated one.

It appears that exercises conducted in both environ-
ments may serve as contributing factors to enhance-
ments in balance with eyes open. Research suggests 
that a combination of strength and aerobic exercises 
represents the most effective strategy for concurrently 
improving neuromuscular and cardiovascular perfor-
mance in elderly populations, thereby preserving func-
tional capacity during the aging process. This combina-
tion is significant due to the distinct physiological effects 
each type of exercise has on the body. Adaptations re-
sulting from strength training yield improvements in 
muscle strength and hypertrophy, neural adaptations, 
increased recruitment of motor units, higher firing rates 
of motor units, and enhanced neural excitability. Con-
versely, aerobic resistance training facilitates central and 
peripheral adaptations that enhance VO2max and the 
skeletal muscle’s capacity to generate energy through 
oxidative metabolism, without concurrently increasing 
muscle strength or hypertrophy [39].

With respect to the balance index assessed with eyes 
open, it can be concluded that enhancements in func-
tional factors—including vestibular sense, propriocep-
tion, spatial perception, muscle strength, endurance, 
joint flexibility, and the central nervous system’s re-
sponses to precise stimuli [9]—have contributed to im-
provements in balance under these conditions as a re-
sult of exercise. However, the limitations of the present 
study include insufficient control over nutritional factors 
and ancillary activities, particularly within the CG, which 
may have impacted the results. Moreover, the mea-
surement of serum ANGPTL4 rather than tissue-specific 
expression, and a relatively short intervention period. 
Serum level assessments may not have accurately re-
flected changes in muscle and fat tissue levels. Conse-
quently, further research that addresses these consid-

erations could yield more precise results. Nevertheless, 
the findings of this study advocate for the implementa-
tion of similar exercise programs, tailored to the condi-
tions and physical capabilities of individuals in both land 
and water environments, with regard to achieving opti-
mal improvements in balance and BMI—two significant 
physical and functional factors in this demographic.

Conclusion

An eight-week combined exercise program improves 
balance in elderly men with metabolic syndrome, re-
gardless of the training environment. Water-based ex-
ercise appears to offer an additional benefit for reduc-
ing BMI. The serum concentration of ANGPTL4 was not 
significantly modulated by exercise in this population, 
highlighting the complexity of its regulation. Future 
studies with longer durations, controlled diets, and tis-
sue-specific measurements are warranted to fully elu-
cidate the impact of exercise on ANGPTL4 metabolism 
and future interventions must mandatorily include sen-
sory-challenge components, such as performing exer-
cises on unstable surfaces (foam pads, balance boards) 
with eyes closed. This is essential to force the nervous 
system to rely more heavily on vestibule-proprioceptive 
pathways and to induce specific neuroplasticity within 
these circuits, leading to genuine improvements in non-
visual balance control.
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