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and oxidative damages in diabetes elderly individuals
Luciano Acordi da Silvaa,b, Lorhan da Silva Menguera, Ramiro Doyenarta, Daniel Boeiraa, 
Yuri Pinheiro Milhomensa, Beatriz Diekea, Ana Maria Volpatoa, Anand Thirupathi c 

and Paulo Cesar Silveira a

aLaboratory of Exercise Psychophysiology, Advanced Aquatic Exercise Research Group, Universidade do Extremo 
Sul Catarinense, Criciúma, Brazil; bFaculdade de Educação Física, Centro Universitário Barriga Verde, Orleans, brazil; 
cFaculty of Sports Science, Ningbo University, Ningbo, China

ABSTRACT
This study investigated the effect of aquatic exercise on mental health, 
functional autonomy, and oxidative dysfunction in elderly with DM2. 
A total of 104 elderly were included in the longitudinal clinical study 
and were attributed to the diabetes group (n = 30) and the non-dia-
betic group (n = 29). Both groups were involved in the aquatic exercise 
(nine exercises; 3 sets x 1-minute duration each; linear intensity and 
frequency measured twice a week) for 12 weeks. The assessments of 
mental health, functional autonomy, and oxidative dysfunction were 
done. All results were evaluated at baseline and 12 weeks later. The values 
of the following variable scores decreased in the DM2 group after parti-
cipation in the aquatic exercise: depression (−56 ± 2 scores; 57%), anxiety 
(−8.2 ± 2 scores; 41%), stress (−3.1 ± 0.3 scores; 32%), and sleep (−3. 7 ± 1.3 
points; 51%); an improvement in Berg scores was observed (+53.1 ± 2 
points; 8%), Tug tests (−6.1 ± 0.7 points; 25%), carbonyl groups 
(−0.048 ± 0.01 nnmol/mg/protein; 49%), and total thiol (+0.33 ± 0.08 
nnmol/mg/protein; 83%). We have concluded that a linear intensity aqua-
tic exercise program improves mental health, functional autonomy, and 
oxidative dysfunction in elderly with DM2.
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Introduction

Type 2 diabetes mellitus (DM2) is a chronic metabolic disorder with tremendous socioeconomic 
impact. It affects around 347 million individuals per year worldwide and consequently causes more 
than 3.5 million deaths (Artilheiro et al. 2014; Delevatti et al. 2018). In 90% of the cases, these 
individuals are affected by the loss of peripheral insulin sensitivity, which leads to the development 
of hyperglycemic condition (Osama and Shehab 2015). Furthermore, this condition originates from 
multiple factors, including metabolic, genetic, and environmental factors (Osama and Shehab 2015; 
Cugusi et al. 2015) and can consequently compromise the mental health, functional autonomy, and 
oxidative dysfunction of diabetic subjects (Leedom et al. 1991; Chakraborty et al. 2011; Andersen 
et al. 2014; Delevatti et al. 2018; ShadiSadat et al. 2018).

Research has shown an increasingly noticeable relationship between DM2 diagnosis and 
a variety of mental health issues (Robinson et al. 2018). The prevalence of clinically relevant 
depressive symptoms among people with DM2 is approximately 30% (Barnard et al. 2006; Ali 
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et al. 2006). Stress disorder is associated with a 40% increased risk of developing DM2 (Kelly and 
Ismail 2015). Likewise, people with sleep apnea develop diabetes at higher rates than those without 
the condition (Ramos et al. 2015). One study even estimated that 14% of individuals with diabetes 
suffered from generalized anxiety disorder, with 28% experiencing a subclinical anxiety disorder 
and 52% having at least some anxiety symptoms (Grigsby et al. 2002). However, signs and 
symptoms of depression, anxiety, and stress in DM2 subjects can be correlated with problems 
that arise from the disease itself, which increase the severity of the mental health concerns (Naicker 
et al. 2017). DM2 subjects have feelings of inferiority due to the constant attention required to 
control the disease; at its most severe point, these feelings can trigger psychosis (Grigsby et al. 2002; 
Jernigan et al. 2012; Naicker et al. 2017).

Moreover, the deterioration of functional autonomy in DM2 individuals initiates sedentarism, 
which causes a deleterious, vicious cycle that further deteriorates the physical and mental health of 
elderly with DM2 (Morrison et al. 2012; Van der Heijden et al. 2013). In this sense, a decrease in 
functional autonomy has been associated with advanced DM2. In fact, DM2 is associated with a 50 
to 100% excess risk of disability in men and women; nearly one in five cases of disability among 
older women is due to the disabling effects of diabetes (Volpato et al. 2010). In addition, older 
people with DM2, specifically those 60 years and older, are two to three times more likely to report 
an inability to walk a quarter mile, climb stairs or do housework compared to their non-diabetic 
peers (Kataoka et al. 2016).

Recently, research in this area has been focused on biochemical markers reflecting common 
pathophysiological processes of insulin resistance and oxidative dysfunction assumed to be 
intertwined in DM2 elderly (Lovrenčić et al. 2015; Rochette et al. 2014). This oxidation dysfunc-
tion has been the result of oxidant–antioxidant unbalance in favor of oxidants, resulting in 
oxidative damage. It is well known that the intensity of oxidative damage in diabetes is positively 
associated with the severity of disease (Lovrenčić et al. 2015; ShadiSadat et al. 2018). DM2 
patients are particularly vulnerable to these detrimental effects, since hyperglycemia per se 
promotes excessive production of ROS resulting in oxidative damage (Chakraborty et al. 2011; 
Rochette et al. 2011).

On the other hand, regular exercise has been associated with systemic adaptations that reduce 
clinical risk factors (decrease in fat mass, increase in lean mass, improvement in aerobic capacity, 
and regulation of dyslipidemia) that are associated with improvement in mental and muscular 
health in pathological subjects (Lovrenčić et al. 2015; Kataoka et al. 2016). Physical training in water 
is an alternative exercise regimen, and we have recently observed positive effects of aquatic exercise 
in pathological elderly (Silva et al. 2017, 2019). In diabetic individuals, aquatic exercises have 
improved the muscular resistance of the lower and upper limbs (Asa et al. 2012). Specific adapta-
tions in skeletal muscle after exercise seem to benefit patients with 2DM since the active muscle 
tissue reveals a higher metabolic rate in glucose metabolism (Delavantti et al. 2018; Asa et al. 2012; 
Albright et al. 2000). Aquatic exercise enables a combination of aerobic and resistance exercises and 
is especially suitable for patients with advanced age, orthopaedic problems, or other comorbidities 
that hamper exercises on land (Delavantti et al. 2015). Due to the fluctuation effect in the water, the 
weight-bearing activities are much easier and the risk of falling in the elderly is less (Silva et al. 2019; 
Rochelle et al. 2014; Asa et al. 2012).

****Furthermore, the general outcome from research indicates that exercise with continuous 
intensity improves mental health (by reducing depression, anxiety, and stress) and autonomy 
functioning (by improving static and dynamic balance) and reduces oxidative damage (Van der 
Heijden et al. 2013; Volpato et al. 2010; Kataoka et al. 2016; Lovrenčić et al. 2015; Rochette et al. 
2014). However, the specific effects of a linear intensity aquatic exercise program on the mental 
health, functional autonomy, and oxidative dysfunction in elderly diabetics remain unexplored. 
Thus, the objective of the study is to verify the effects of an aquatic exercise program with linear 
characteristics on mental health parameters, functional autonomy, and oxidative dysfunction in 
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DM2 elderly individuals. We hypothesized that exercise aquatic program improves mental health, 
functional autonomy, and reduced oxidative dysfunction of elderly with DM2.

Materials and methods

Ethical considerations

This study was carried out according to Resolution 466/12 of the National Health Council and was 
approved by the local ethics committee (CAE 63,101,316.3.0000.0119), obeying the basic criteria of 
Consort (Boutron et al. 2017). All participants provided informed written consent prior 
participation.

Randomized clinical trial

This longitudinal clinical study was conducted for 12 weeks, in which randomized groups consist-
ing of subjects with and without DM2 participated in the same aquatic exercise program. The scores 
of mental health, functional autonomy, and oxidative damage parameters were analyzed 48 hours 
before staring and after completing the exercise program.

Randomization

There were 223 individuals recruited primarily from the list provided by the clinic sector of the local 
university. A researcher not involved in the study carried out this procedure to maintain the 
confidentiality of allocation and the blinding of investigators, by using simple randomization 
model with a computer-generated random binary list. The processes of randomization and alloca-
tion were performed after the completion of the initial assessment. From this list, 78 patients were 
clinically diagnosed with type II diabetes mellitus. Of these, on the day of the visit, 55 patients 
appeared for the screening process. Of the 55 patients, 20 were excluded based on the exclusion 
criteria, while an additional 5 refused to participate. Thus, 30 adult patients (5 men and 25 women) 
with ages ranging from 61 to 71 years were included and assigned to the DM2 group (66 ± 5 years). 
In the other group, 49 randomized non-diabetes subjects were selected, of which 14 were excluded 
based on the exclusion criteria, while an additional 6 refused to participate. Thus, 29 elderly subjects 
without diabetes (9 men and 20 women) aged between 60 and 68 years formed the non-diabetes 
group (64 ± 4 years) and were included in the study. Both groups participated in the same physical 
training program at the same place, time, and day of the week (Figure 1 – Randomization).

Subjects

Recruited subjects were elderly DM2 volunteers who received treatment for diabetes for 
a significant time span (7.3 ± 3.3 years), used diabetes medication, had a BMI of ≥25 kg/m2, and 
did not have any limitations on their physical activity, or changes to their drug therapy during the 
6 months that preceded the study period. All the subjects signed the informed consent form, as well 
as the physical activity readiness questionnaire (Almeida and Ribeiro 2014 attesting that they were 
sedentary). Exclusion criteria were coronary artery disease; chronic pulmonary disease; heart 
failure; renal, pulmonary, and musculoskeletal disorders that impede the practice of aerobic 
exercise or psychological disorders; status after stroke; or other disabling diseases that might 
interfere with their participation in the aquatic exercise program. The process of patient recruit-
ment is described in Figure 1. The patients were instructed not to change their medications as 
prescribed by the endocrinologist throughout the study (Table 1). In addition, participants from 
both groups who failed to complete more than 90% of the stipulated physical activity program were 
excluded from the analysis.
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Intervention

Patients underwent a 12-week aquatic training program with biweekly sessions, each lasting 
41 minutes. The intensity was similar in both groups. Heart rate was monitored using the Polar 
Heart (PolarM200) watch, and the Borg score for the rate of perceived exertion was measured in the 
final 20 s of each stage. The classes were conducted in the afternoon, in a pool with a depth of 
1.40 m, and an area of 25 m x 12.5 m, filled with water at 26–28°C.

Analysed (n=16)
Excluded from analysis 

6 people did not attend on the day of the tests
3 left the program 
5 had inadequate adherence (<90%)

Allocated to intervention: Diabetes (n=30)
Subjects met the exclusion criteria and were 

withdrawn (n=20)
Declined to participate (n=5)

Analysed (n=14 )
Excluded from analysis 

3 people did not attend on the day of the tests,
7 left the program
6 had inadequate adherence (<90%)

Randomized

Analysis

Diabetes Type II confirmed
(n=55)

No Diabetes
(n= 49)

Allocated to intervention: No-Diabetes (n=29)
Subjects met the exclusion criteria and were 

withdrawn (n=14)
Declined to participate (n=6)

Analysis

Assessed for eligibility (n=104)

Figure 1. The CONSORT-Flow chart depicts the study-flow from screening until the analysis.

Table 1. Characterization of study subjects.

No-Diabetes Diabetes P (value)

Age 64 ± 4 66 ± 5 0.091
Boy mass (Kg) 71 ± 14 78 ± 12 0.086
Height (m) 1.56 ± 10 1.58 ± 8 0.089
BMI (Kg2) 29 ± 3 31 ± 4 0.977
Gender (M/W) 9/20 5/25 0.435
Medical Treatment 0 0
Alprazolam 0 6
Enalapril 0 2
Fluoxetine 0 4
Glibenclamide 0 1
Glifage 0 1
Glimepiride 0 8
Losartana 0 5
Meritor 0 9
Rivotril 0 1

Obs: Both groups had a 90% attendance rate. All middle-aged adults were new to the exercise 
model.
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Exercise program

Each 41-minute session consisted of three phases: The first phase was a warm-up, with 5 minutes of 
shifting exercises that required subjects to move their arms and legs. After stretching the limbs, the 
static method was used. In the second phase, denominated as principal, specific hydro-gymnastics 
exercises were conducted according to the guidelines of the Association of Aquatic Exercises (Netto 
and Alevatto 2014). Methodologically, this part consisted of 31 minutes and 30 seconds, containing 
nine exercises of linear characteristics. The first three exercises were performed with light intensity 
(slow movements), the next three exercises with moderate intensity (moderate movements), and 
the last three with high intensity (fast movements). Each exercise consisted of three 1-minute series, 
with no interval. Between each exercise, 30 seconds of active interval was performed. Finally, the 
third phase, called relaxation, consists of slow walks for 4 minutes and 30 seconds. Both groups were 
observed by the same instructor, on the same day of the week and period, and the methodology of 
the session was identical.

Control in exercise intensity

Control of the exercise intensity was assessed by the maximum heart rate (HR) (Kanitz et al. 2019) 
and Borg scale (Borg 2000). The estimated maximum heart rate (HR) was achieved (220 minus the 
age of the participant, in beats per minute [BPM]), and the evaluation scale of Borg range from 6 to 
20 was evaluated. HR intensity range was from 50 to 90% and the Borg between 11 to 16 points. One 
week prior the initiation of the experiment, all subjects were familiarized with the Borg scale at the 
pool edge and the heart rate monitors. During the exercise sessions, three students stood at the edge 
of the pool to collect data by asking senior practitioners questions about scale and HR at 
10 min, 20 min, 31 min, and 41 min time points of the classes.

Clinical tests

Forty-eight hours prior to the first session and after the last training session, patients were clinically 
evaluated for their mental health, functional autonomy, and oxidative damage parameters. Dietary 
control was also undertaken with a 3-day diet record that was filled before and after the interven-
tions (data not shown).

Mental health

The Beck’s Depression Inventory (BDI) (Gomes-Oliveira et al. 2012) is a standardized self- 
administered questionnaire, described by the researchers at the Center for Cognitive Therapy 
(CCT) as a widely used measure for the self-assessment of depression, both in research and in 
clinical settings (Castelino et al. 2013). The BDI is a participant-administered questionnaire with 21 
items. The total score ranged from 0 to 63 points, referring to sadness, pessimism, feeling of failure, 
lack of satisfaction, feeling of guilt, among others. Beck’s Anxiety Inventory (BAI) (Gorenstein and 
Andrade 1996) is a scale presented with 21 items related to anxiety symptoms, each composed of 
four affirmations that evolve in the degree of intensity from 0 to 3. More than one affirmation can be 
chosen; however, the computed score is always one of greater intensity. Both inventories were 
translated into Portuguese and validated for the Brazilian population according to Gorenstein and 
Andrade (1996). Stress was measured using the Stress Inventory for Adults (ISSL) (Lipp 2000), 
which provides an objective measure of stress, consisting of three phases (alertness, endurance, and 
exhaustion). The Pittsburgh Scale (PSQI) was used to measure sleep quality (check the month), and 
the Epworth Sleepiness Scale (ESS-BR) (Bertolazi et al. 2009) was used to assess the level of 
sleepiness of people while performing daily tasks. The quantification of results is accounted for 
using the Likert scale ranging from 0 to 24 points. Cronbach’s alpha ranged between 0.73 and 0.96.
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Functional autonomy

To evaluate the risk of falls, we used the test ‘Timed Up and Go’ (TUG) in its classical version, 
developed by Podsiadlo and Richardson in (Podsiadlo and Richardson 1991). The test consists of 
raising of a standardized chair (seat height 43 cm; arm height 61 cm; seatback height 43 cm; depth 
42 cm; width 40 cm), walking 3 meters in a straight line, turning around, returning to the place of 
departure, and sitting down again. To start the test, the test administrator gives the verbal command 
‘go.’ The timer is triggered by the first movement of the old person’s trunk and stops when the same 
leans on the chair. The lower the score, the better the result. The Berg balance scale (BBS) assesses 
functional balance performance based on 14 items common to daily life (Berg et al. 1992). The 
maximum score that can be reached is 56, and each item possesses an ordinal scale of five 
alternatives ranging from 0 to 4 points. The test is simple, easy to administer, and safe for the 
evaluation of elderly patients. It only requires a watch and a ruler as equipment and takes 
approximately 15 min to perform. The higher the score, the better.

Oxidative dysfunction

The oxidative dysfunction was measured by the determination of carbonyl groups (Levine et al. 
1990) and total thiol content (Silva et al. 2017). Carbonyl groups are determined based on a reaction 
with dinitrophenylhydrazine (DNPH) (Levine et al. 1990). Proteins were precipitated by adding 
20% trichloroacetic acid and reacted with DNPH. The samples were then redissolved in 6 M 
guanidine hydrochloride, and the carbonyl contents were determined by measuring absorbance 
at 370 nm using a molar absorption coefficient of 22,000 M − 1. The total thiol content was 
determined using the 5,5ʹ-dithiobis (2-nitrobenzoic acid) method (DTNB) (Sigma) (Aksenov and 
Markesbery 2001). The reaction was started by adding 30 μL of 10 mM DTNB stock solution to 
phosphate-buffered saline (PBS). Control samples did not include DTNB. After 30 min of incuba-
tion at room temperature, the absorbance at 412 nm was measured, and the amounts of TNB 
(2-nitro-5-mercapto-benzoic acid) formed were calculated (equivalent to the amount of sulfhydryl 
proteins groups) according to the Aksenov and Markesbery technique.

Blood collection

Eight-milliliter samples of blood were obtained from the antecubital vein. Blood was collected in 
vacutainers without additives and centrifuged at 1500 rpm for 10 min at 4°C. Aliquots of red blood 
cells and serum were stored at −70°C until used in the biochemical assays.

Statistical analysis

Data points are expressed as means ± standard errors of the mean (SEM). The Kolmogorov– 
Smirnov test was used to confirm normality. The Chi-square test for nonparametric analyses was 
also used and followed by the Bonferroni post hoc test. A priori sample size was calculated based on 
a predicted difference of 0.5% for the score of TUG = 0.05 and a power of 0.90, performed with IBM 
Statistical Package for the Social Sciences (SPSS) software (Armonk, New York; version 18), that 
was based on the study of Silva et al. (2019). This calculation indicates that 14 patients in each group 
were sufficient to detect significant changes in functional autonomy. The level of significance 
established for the test was p < 0.05.

Results

Figure 1-Randomized: Group DM2: Of the 55 eligible patients, 20 patients were excluded according 
to the exclusion criteria and five refused to participate. Therefore, 30 elderly (5 males and 25 females) 
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were included in this study. During the exercise program, 6 people did not attend on the day of the 
tests, 3 left the program, and 5 had inadequate adherence (<90%), which resulted in a final sample of 
16 elderly. Non-Diabetic group: Of the 49 patients assessed for eligibility, 14 did not meet the 
inclusion criteria, and 6 refused to participate. Therefore, 29 elderly (9 males and 20 females) were 
included in the study. During the exercise program, 3 people did not attend on the day of the tests, 7 
left the program, and 6 had inadequate adherence (<90%), which resulted in a final sample of 14 
elderly.

Table 1: Baseline characteristics of the subjects, including age, body mass, BMI, gender, and 
medical treatment, are shown in Table 1, and we observed that there were no significant differences 
between groups in these parameters (p > 0.05). The values are presented as means ± SEM.

Table 2: Next, we studied the exercise intensity of the non-diabetic and DM2 elderly (Table 2). 
We observed that there was a significant linear increase in HR and BORG scores of bouts (p < 0.05) 
at 10 min (84 ± 7 HR; 99 ± 10 HR; 11 ± 1ponts 12 ± 2ponts), 20 min (110 ± 7 HR; 114 ± 9 HR; 
12 ± 2ponts; 13 ± 1ponts), and 31 min (139 ± 5 HR; 142 ± 8 HR; 15 ± 1ponts; 16 ± 1ponts) during 
the exercise as compared to before the exercise (74 ± 5 HR; 82 ± 6 HR; 0ponts; 0ponts) and during 
the times of 10 min and 20 min.

Table 2. Intensity control of the exercise sessions.

Before 10 mim 20mim 31mim 41mim

No-diabetes (HR) 74 ± 5 84 ± 7* 110 ± 7** 139 ± 5*** 85 ± 9
Diabetes 82 ± 6 99 ± 10* 114 ± 9* 142 ± 8*** 92 ± 7
No- diabetes (Borg) 0 11 ± 1* 12 ± 2* 15 ± 1** 0
Diabetes 0 12 ± 2* 13 ± 1* 16 ± 1*** 0

Note: Values were obtained during the 1st, 6th and 12th week of the exercise program. The statistical differences (p < 0.05) are 
marked with (*) signaling in relation to the values before, (**) signaling in relation to the values in 10mim; (***) signaling in 
relation to the values in 20mim. Heart rate (HR); Borg Scale of Perceived Exertion (BORG);

Table 3. Mental health.

Non-diabetes P (value) Diabetes P (value)

Depression (scores) 
Before 
After 
Percent

4.69 ± 4.13 
5.50 ± 5.66 

19%
0.85

13.3 ± 6.07 
5.66 ± 3.12* 

-57%
0.01

Anxiety (score)  
Before 
After 
Percent

4.8 ± 2 
4.2 ± 4 
–12%

0.06
14 ± 1.6 

8.2 ± 2.1* 
-41%

0.05

Stress (score) 
Phase 1 
Before 
After 
Percent 
Phase 2 
Before 
After 
Phase 3 
Before 
After 
Percent

2.3 ± 0.7 
2.5 ± 0.6 

8%  

3.1 ± 0.4 
3.0 ± 0.2  

2.8 ± 0.4 
3.3 ± 0.5 

17%

0.73       

0.06

3.2 ± 0.4 
2.4 ± 0.2* 

-25%  

4.3 ± 0.8 
4 ± 0.5  

4.6 ± 0.4 
3.1 ± 0.3* 

-32%

0.05    

0.08   

0.04

Sleep (score) 
Before 
After 
Percent

3.5 ± 1 
3.3 ± 2 

–5%
0.81

7.7 ± 2 
3.7 ± 1.3* 

-51%
0.03

Somnolence (score) 
Before 
After

5.8 ± 3 
4.7 ± 3

4.6 ± 2 
6.4 ± 2 0.077

Note: The symbol (*) indicates intra group statistical differences.
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Table 3: Then, we evaluated the mental health of DM2 and non-diabetic elderly before and after 
exercise. Our results observed a significant reduction (p < 0.01) in the levels of depression of DM2 
elderly after exercise (5.66 ± 3.12 scores) when compared to before exercise (13.3 ± 6.07 scores). In 
relation to the non-diabetic elderly, there was no significant difference after the program 
(5.50 ± 5.66 scores) when compared to before the program (4.69 ± 4.13 scores). Also, depression 
levels decreased (57%) in DM2 elderly after exercise when compared to before exercise. Anxiety 
levels were also significantly reduced for DM2 elderly after the program (8.2 ± 2.1 scores), when 
compared to before (14 ± 1.6 scores), whereas non-diabetic subjects had a significant difference 
after exercise (4.2 ± 4 scores), when compared to before (4.8 ± 2 scores). Clinically, the anxiety level 
(41%) of DM2 and non-diabetic elderly decreased after performing exercise when compared to 
before exercise.

In relation to stress levels, our findings demonstrate that DM2 elderly after the aquatic exercise 
program had significantly reduced (p < 0.05) stress parameters in phase 1 (2.4 ± 0.2 scores) and 3 
(3.1 ± 0.3 scores) when compared to before the aquatic exercise program (3.2 ± 0.4 scores, 4.6 ± 0.4 
scores, respectively). In relation to the non-diabetic elderly, there was no significant (p > 0.05) 
difference in phase 1 (2.5 ± 0.6 scores), 2 (3.0 ± 0.2 scores), and 3 (3.3 ± 0.5 scores), when compared 
to before the aquatic exercise program (2.3 ± 0.7 scores, 3.1 ± 0.4 scores, 2.8 ± 0.4 score, 
respectively.) Clinically, there was a decreased stress level in phase 1 by 25% and in phase 3 by 32%.

Regarding sleep quality, we observed a significant difference in sleep disturbances (p < 0.05) in 
the DM2 elderly after the aquatic exercise program (3.7 ± 1.3 scores), when compared to before the 
exercise program (7.7 ± 2 scores). In relation to non-diabetic elderly, there was no significant 
difference (p > 0.05) after the program (3.3 ± 2 scores) compared to before (3.5 ± 1.5 scores). We 
observed that clinically there was an improvement (51%) in sleeping quality. In relation to 
sleepiness, our results showed that there was no significant difference (p > 0.05) in both groups, 
after the program (4.7 ± 3 scores; 6.4 ± 2 scores), compared to before the program (5.8 ± 3 scores; 
4.6± scores).

Table 4: Next, we analyzed the task-oriented balance of the DM2 and non-diabetic groups using 
the BERG test. There was a significant increase (p < 0.05) in the BERG scale for both the DM2 
(53.1 ± 2.1 scores) and non-diabetic (53.2 ± 2.3 scores) groups after completing the training 
program compared to before completing it (46 ± 2.1 sec; 49 ± 1.9 scores) (Table 4). Clinically, 
there was an 8% increment observed in the static mobility of the elderly. Then, we used the TUG test 
to assess static and dynamic balance of DM2 and non-diabetic elderly (Table 4). We observed 
a significant decrease in the TUG scores for DM2 elderly after the training program (6.1 ± 0.7 sec), 
compared to before (8.2 ± 0.9 sec). Meanwhile, there was no significant alteration (p = 0.089) in the 
TUG test of the non-diabetic elderly after the training program (6.4 ± 0.6 sec), compared to before 
(7.2 ± 1.1 sec) (Table 4). Clinically, there was a 25% improvement in the dynamic mobility in 
elderly.

Table 5: Next, we analyzed the oxidative dysfunction of the DM2 and non-diabetic groups using 
the protein carbonylation and total thiol content techniques. There was a significant reduction 
(p < 0.05) in after aquatic exercise program the carbonyl group (0.048 ± 0.01 nnmol/mg/protein) 

Table 4. Functional autonomy.

No-diabetes Diabetes Percent

Berg Balance Scale (scores) 
Before 
After

49 ± 1.9 
53.2 ± 2.3*

46 ± 2.1 
53.1 ± 2.1* 8%

Timed Up & Go (seconds) 
Before 
After

7.2 ± 1.1 
6.4 ± 0.6

8.2 ± 0.9 
6.1 ± 0.7* 25%

Note: Values were obtained before and after the aquatic training program. The symbol (*) indicates 
intra group statistical differences (p < 0.05). Berg Balance Scale and Timed Up & Go.
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and an increase in the total thiol (0.33 ± 0.08 nnmol/mg/protein) in the DM2 group compared to 
the pre-program (0.097 ± 0.02 nnmol/mg/protein; 0.18 ± 0.05 nnmol/mg/protein), respectively.

However, there were no significant changes (p > 0.05), in the non-diabetic group when 
compared post-program (0.061 ± 0.01 nnmol/mg/protein; 0.36 ± 0.07 nnmol/mg/protein) and pre- 
program (0.076 ± 0.02 nnmol/mg/protein; 0.27 ± 0.05 nnmol/mg/protein) (Table 5). Clinically, 
there was a reduction of 49% in protein carbonylation and an increase in thiol content of 83% of the 
elderly.

Discussion

Several studies have pointed out that exercise programs with continuous characteristics have 
improved mental health and functional autonomy for patients with chronic diseases (Van der 
Heijden et al. 2013; Chang et al. 2017; Ebrahimi et al. 2017). The present study demonstrated that 
12 weeks of an aquatic exercise program with linear characteristics may contribute to improved 
mental health scores, functional parameters, and reduced oxidative dysfunction in elderly with 
DM2. We emphasize that non-diabetic subjects respond in the same way in relation to the effects of 
exercise in the evaluated parameters. The comorbidities of the disease limit the diabetic subject’s 
active lifestyle. Aquatic physical exercise is a smart strategy to overcome complications, as it has 
high adherence rates and low risk. In our study, 90% of diabetics who started the aquatic exercise 
program finished it.

Clinically, heart rate and Borg scale have been used in previous studies to control the intensity, 
due to the operational difficulty of using gas analyzers to measure VO2max. Our study pointed out 
that the heart rate and Borg scale (Table 2) increased linearly during the exercise sessions, 
characterizing the program as linear. Several studies indicate that exercise programs with contin-
uous characteristics have been used on individuals with DM2, positively affecting mental health 
(Colberg et al. 2010; Cugusi et al. 2015; Gilani and Feizabad 2019). We suggest that the linear model 
used in the present study presents similar results to the continuous exercise models regarding 
mental health and autonomy aspects (Colberg et al. 2010; Gilani and Feizabad 2019).

Specifically, various mental health scores were evaluated in the present study. The first parameter 
investigated was the levels of depression (Table 3) of DM2 elderly. Several studies have pointed out 
that subjects with DM2 have altered levels of depression (Leedom et al. 1991; Van der Heijden et al. 
2013; Moraes et al. 2017). According to our findings, the proposed intervention model was able to 
reduce depressive parameters of the DM2 in elderly (Antunes et al. 2005) demonstrating that 
aerobic exercise (3 times a week for 6 months) with constant intensity reduced depression scores in 
the elderly. Another study with another model of physical exercise shows similar results (Van der 
Heijden et al. 2013; Osama and Shehab 2015). As per the current literature, that diabetes mellitus 
has neurochemical impacts on noradrenergic, serotonergic, and dopaminergic central systems, 
leading to a decrease in monoaminergic function, similar to the physiological experience of being 
in a depressive state (Van der Heijden et al. 2013; Moraes et al. 2017). Despite these neural 
underpinnings associated with diabetes, several studies have shown that the benefits of exercise 
are psychophysiological and, thus, allow improved mood, decreased sadness, and increased 

Table 5. Analyzed the oxidative dysfunction.

Marcadores No-diabetes Diabetes Percent

Protein carbonylation (nnmol/mg/ proteín) 
Before 
After

0.076 ± 0.02 
0.061 ± 0.01

0.097 ± 0.02 
0.048 ± 0.01* 49%

Total thiol content (nnmol/mg/ proteín) 
Before 
After

0.27 ± 0.05 
0.36 ± 0.07

0.18 ± 0.05 
0.33 ± 0.08* 83%

Note: Values were obtained before and after the aquatic training program. The symbol (*) indicates intra group statistical 
differences (p < 0.05). Protein oxidation and total thiol content.
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oxygenation of the cerebral cortex and monoamines, all which consequently help reduce depression 
(Antunes et al. 2005; Hofmann et al. 2016).

Next, we investigated the effect on anxiety levels. Studies have reported that people with DM2 
have developed clinical signs of generalized anxiety (Araújo et al. 2007; Colberg et al. 2010; Naicker 
et al. 2017). Our results demonstrate significant reductions in anxiety levels after 12 weeks of the 
intervention, which may be because aerobic exercises of moderate intensity do not accumulate 
blood lactate. According to (Araújo et al. 2007), accumulation of blood lactate is directly related to 
psychological disorders. Psychological complications occur because the brain depends on the main 
energy source (glucose) for the excessive energy demand that the brain requires to function (Osama 
and Shehab 2015; Cugusi et al. 2015). Gilani and Feizabad (2019) used a steady-state aerobic 
exercise program to improve the anxiety scores of diabetic patients. Thus, our findings suggest 
that the linear characteristics of the aquatic exercises adopted in this study may modulate biochem-
ical substances, which may explain anxiety reduction. Overall, this possible modulation should be 
noted for future studies.

We analyzed the stress levels of DM2 elderly. Stress has been shown as an automatic and natural 
response of the body to situations that are challenging or threatening. Diabetes and aging can 
increase susceptibility to the effects of stress (Hofmann et al. 2016). Our results observed that an 
aquatic aerobic program undertaken by DM2 elderly reduced their stress levels significantly. 
A different study with another model of physical exercise shows similar results (Van der Heijden 
et al. 2013; Fiocco et al. 2013). The explanation for this finding is that physical exercise releases 
endorphins captured in specific regions of the central nervous system producing an analgesic and 
tranquilizing effect by adjacent mechanisms. It is proven that models of aquatic exercises have 
stimulated the increased production of the neurotransmitter’s dopamine, serotonin, and norepi-
nephrine, which helped in this process (Van der Heijden et al. 2013; Fiocco et al. 2013).

The fourth measure investigated in our study was the behavior of sleep. When the individual 
abstains from sleep, hypersecretion of insulin occurs, necessitating a greater intake of food, 
especially carbohydrates, which can in excess trigger obesity, aggravating the clinical picture of 
diabetes (Driver and Taylor 2000; Durstine et al. 2013). Our results demonstrate a significant 
improvement in sleep of DM2 elderly. Delevatti et al. (2018) found improvements in sleep quality of 
diabetic subjects due to a linear intensity aquatic aerobic exercise program. The explanation for this 
finding has been supported by studies that suggest that body temperature rises when exercising, 
which then helps ‘the firing’ of the onset of sleep by activating the heat dissipation processes 
regulated by the hypothalamus, which is also the region responsible for sleep (Driver and Taylor 
2000). Furthermore, in regard to a psychophysiological state, exercise has been associated with 
a melatonin-releasing mechanism that contributes to this outcome (Levine et al. 1990). It is 
important to note, however, that there were no significant differences in the levels of sleepiness 
in our results. A possible cause for this lack of significance is that the general classification system of 
the scale resulted in our subjects falling within normality, a finding that corroborates with those of 
other studies (Driver and Taylor 2000; Ebrahimi et al. 2017).

We evaluated the functional autonomy through the BERG test (Table 4). Impaired balance is one 
of the top three risk factors for falling and, therefore, associated with fear of falling and reduced 
quality of life in people with DM2 (Morrison et al. 2012; Durstine et al. 2013). Our results evidenced 
a significant improvement of this aspect in DM2 elderly following the aquatic exercise program, 
corroborating with other findings (Oliveira et al. 2015; Ebrahimi et al. 2017). Pernambuco et al. 
(2013) conducted a hydro gymnastic program with constant intensity, which improved functional 
autonomy in older women. It is important to emphasize that the physical properties of the water 
(density and viscosity) alter the gait pattern and therefore reduce vertical overload (gravitational 
force) and increase horizontal overload (water resistance force), which may help to elucidate these 
results given the increase in force and horizontal instability provided by the liquid medium.

Another parameter of functional autonomy was evaluated using the TUG test (Table 4). The test 
has been widely used in clinical practice as an outcome measure to evaluate functional mobility, fall 
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risk, or dynamic balance of the population (Steffen et al. 2002; Shumway-Cook et al. 2002). The study 
by Morrison et al. (2012) pointed out that the loss of functional capacity increases the risk of falls, 
which is thus aggravated by the onset of diabetes mellitus. Our results observed that there was an 
improvement in how elderly with DM2 performed on this test following the program of aquatic 
physical exercises. This functional improvement is interconnected with the neuromuscular effect that 
aquatic training produces in the practitioners. Ruzene and Navega (2014) demonstrated that aquatic 
training improves the responses demanded by the TUG test in diabetic men. This result shows that 
exercise performed in a liquid environment improves the muscular activity of the elderly, supporting 
their basic strength and agility in performing vital daily activities, such as sitting and lifting.

Finally, we evaluate the oxidative dysfunction (Table 5). This is a result of the executive 
production of EROs and the inefficiency of an antioxidant defense system, in favor of pro- 
oxidants result oxidative damage (Chakraborty et al. 2011; Silva et al. 2017; ShadiSadat et al. 
2018). There is evidence that people with DM2 have higher concentrations of oxidative damage 
(Roberts and Sindhu 2009; Ávila-Escalante et al. 2020). Our results show that elderly diabetics 
submitted to an aquatic exercise program with a linear characteristic have reduced oxidized 
proteins (carbonyl) and increased non-oxidized proteins (thiol). This response is an excellent 
indicator of reduced oxidative disfunction (Chakraborty et al. 2011; Silva et al. 2017; 
Seyyedebrahimi et al. 2018). The reduction in oxidative dysfunction can be explained by the 
oxidative adaptations (enzymatic and non-antioxidants, shock proteins, and tissue resistance to 
attack by EROS), which are caused by aquatic training in normal and pathological individuals (Ji 
2002; Silva et al. 2017, 2019). We suggest that elderly diabetics respond in a similar way.

As a limitation, we pointed out the lack of a balanced nutritional diet and the absence of 
medication to control diabetes during the entire study. This limitation occurs frequently for ethical 
reasons in studies involving humans.

Conclusion

The present study concludes that 12 weeks of linear aquatic exercise program can reduce depression, 
anxiety, and stress by improving sleep quality, functional autonomy, and oxidative dysfunction in DM2 
elderly individuals. We also point out that DM2 elderly respond in the same way as non-diabetic 
individuals in relation to the effects of a linear aquatic exercise program. We believe that the use of drugs 
associated with the exercise program helped in the treatment by improving the results of this study.
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