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Abstract: 
This study examines the impact of different physical exercise programs on health variables in elderly individuals. A 
total of 60 participants were assigned to four groups: resistance training in open-air gyms (GT1, n = 17), aerobic 
and localized exercises (GT2, n = 11), resistance training in traditional gyms (GT3, n = 17), and a control group 
(CG, n = 15). Anthropometric, cardiovascular, metabolic, and strength parameters were measured before and after 
16-week intervention. The GT1 showed a small effect (Cohen d effect size) on fat percentage, waist-rip ratio 
(WHR), and upper limp strength (ULS) and a medium effect on lower limb strength (LLS). For the GT2, there was 
a large effect on the LLS. For the GT3, there was a medium effect on the ULS and a large effect on the LLS. There 
was a small effect on glycemia in the GT1, a medium effect on glycemia and triglycerides in the GT2, a small 
effect on total cholesterol in the GT3, and a large effect on glycemia in the CG, where the glucose levels were 
increased. There were large effects on SBP in the GT2; small effects on SBP, DBP, and HR in the GT3; and small 
effects on SBP and HR in the CG. The TG, LLS, and ULS variables differed the most for each type of exercise. 
The three methods proved to be efficient, but some may be preferred over the others based on the patients’ health 
conditions, objectives, or characteristics at the time when the physician assigned them to the program. 
Key Words: Health Promotion, Data Mining, Sports Medicine, Metabolism. 

 
Introduction 

Population aging coupled with a sedentary lifestyle is one of the major challenges in public health 
(Veras, 2009). According to WHO data (WHO, 2009), it is estimated that 3.2 million people die each year from 
physical inactivity. Causes of mortality are increasing by 20% to 30% among underactive individuals (WHO, 
2010). Globally, 31.1% of adults are physically inactive, and this percentage increases with age (Hallal et al., 
2012). In Brazil, the number of physically inactive individuals in the elderly population has increased, which 
requires immediate coping and prevention strategies for related health problems to promote active, healthy and 
independent aging (Mazo et al., 2009). Health intervention strategies adopted in the health system, especially 
those involving multicompetent actions, including the practice of physical exercise, are effective in increasing 
the duration of physical activity in the population (Ribeiro et al., 2017). 

An increase in the level of physical activity can cause positive effects among individuals at advanced 
ages; among these effects are improvements in muscular strength and resistance, increased aerobic capacity, 
greater joint flexibility, better balance and coordination, greater psychological well-being, weight loss and better 
management of chronic diseases or deficiencies (Santana & Chaves, 2009). However, in studies conducted by 
Hoehner et al. (2013) in Latin America, there is a lack of evidence on the efficacy of physical activity 
interventions at the community level.The implementation of programs and actions, particularly actions aimed at 
elderly people, whether by universities or official bodies working on health promotion, is a new trend in social 
policies that will have repercussions for new advances and lifestyles (Benedetti et al., 2017). This is supported 
by the notion that physical activity is the factor that most consistently predicts healthy aging (Costa et al., 2009), 
and there is strong evidence that it is highly cost effective (WHO, 2014). 

For many years, regular physical exercise has ceased to be just a model for increasing athletes' 
performance and winning titles. In recent decades, it has been used as a study model in several research fields, 
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from pharmacology, immunometabolism, and nutrition to epidemiological and public health studies, aiming to 
answer different questions in different experimental conditions and populations (Gonçalves et al, 2012; Lopes et 
al, 2019). Sportomics was an innovative proposal to represent the immunometabolic characteristics and 
transformations in the field of action of each exercise modality, not in a predictive way, in laboratories 
(Gonçalves et al, 2012; Gonçalves et al, 2022; Souza et al, 2024; Prampero et al, 2024). In the present study, a 
sportomics strategy was used to conduct the exercise in its natural form and in its scope of practice, bringing 
accurate data and not speculation. When practiced regularly, physical exercise can have beneficial effects on 
mental, physical, social, and general health. However, when practiced without controlling volume, intensity, 
recovery, type of movement, and immunometabolic impact, it can be harmful and even fatal, as in the various 
cases of exercise-induced rhabdomyolysis with permanent loss of renal function. Therefore, understanding the 
immunometabolic stress generated by each type of exercise and in different populations has become a public 
health issue (Galvão et al, 2023; Gomes et al, 2023; Silva et al, 2024). 

The objective of this study was to analyze the effects of different physical exercise health care programs 
on the anthropometric, cardiovascular, metabolic and strength variables of elderly participants. 
 

Material & methods  

Participants 

The study included elderly people of both sexes, aged 60 to 80 years, patients of two-family health units 
who performed physical activities in the elderly groups, and patients who participated in physical activity 
programs for elderly people at the Federal University of Acre, all of whom were instructed by physical education 
professionals. 
Procedure/Test protocol/Skill test trial/Measure/Instruments 

The study included 82 elderly people divided into the following three experimental groups, allocated 
according to the modality offered at the family health unit: GT1 (n = 24) training group at open-air gyms - USF 
(Bairro Calafate); GT2 (n = 17) aerobic and localized exercise training group - USF (Bairro Cadeia Velha); GT3 
(n = 25) resistance exercise training group (Active Elderly Extension Program at UFAC) and a control group: 
CG (n = 16), nonphysical exercise practitioners - USF (Bairro Cadeia Velha). Elderly individuals who had not 
exercised for at least one month and who were in an acceptable physical condition to participate in the proposed 
activities were included in the study. Those who had any physical illness or restriction that prevented them from 
participating in the activities for more than one month were excluded, as were those who attended classes for less 
than 75% and those who did not attend the assessments. Simple random sampling was used in this study. Weight 
was used as the variable in this study since it is related to body mass index. A pilot sample of 50 individuals was 
considered. These results served as guidelines for obtaining the final sample size. A Student's t value of 2.021, a 
sample variance of 140.12 kg2 and a sample error of 5% of the mean were considered, that is, an error = 3.396 
with a confidence level of 95%.  Anthropometry consisted of measuring weight, height and waist 
circumference and calculating body mass index (BMI) and the percentage of body fat. The skin folds (SFs) were 
measured with a Sanny® scientific adipometer, precisely at 1 mm on the right side of the body at four sites 
(subscapular, triceps, supra-iliac and medial calf). The equation for the prediction of body density (BD) proposed 
by Petroski (1995) was applied, and for the calculation of fat percentage, the Siri Equation (Siri, 1961) was 
used.Upper limb strength was measured by a hand grip test with a JAMAR Dynamometer, following the ASHT 
(Araujo, 2003) guidelines; the participants were evaluated in a seated position with the elbow at 90° without 
moving it, and the appliance was pressed as hard as possible at the signal of the evaluator. To evaluate the 
strength and resistance of the lower limbs, the sit-and-stand test was performed for 30 seconds, during which the 
patient sat in a chair, arms crossed against the chest, and at the evaluator's signal, the patient reached and sat 
down completely for a maximum of 30 seconds (Rikli & Jones, 1999). 

The experimental groups were subjected to 16 weeks of training, with three weekly sessions of an 
average duration of 60 minutes per session. GT1 performed exercises at outdoor gyms, which is defined as a set 
of gym equipment set up in easily accessible spaces. The participants used the weight of their own body as they 
followed the exercise movements. Treatment consisted of 30 minutes of walking simulation, riding simulation, 
leg pressing, seated rowing, vertical rotation, shoulder development and combined triple ski in a circuit. After 
that, they participated in recreational activities or group dynamics, followed by stretching. GT2 performed 
aerobic exercises such as dancing and walking for 20 minutes, followed by exercises for the upper and lower 
limbs for 30 minutes and stretching. GT3 performed a resistance exercise program at the gym of the Federal 
University of Acre, consisting of exercises for the upper and lower limbs with mono- and biarticular movements. 
The activities were performed for a total of sixty minutes, starting with a 10-minute walk on the treadmill and 
resistance training in the form of a circuit composed of 10 exercises with two sets of 10 to 12 maximum 
repetitions and 60 seconds of rest between bench press, slope supine, front pulley, triceps pulley, biceps screw, 
45° leg press, knee extension, knee flexion, standing plantar flexion and straight abdominal crunches on the 
ground. The weight loads were adjusted according to the individual progress of each participant. The CG did not 
practice physical exercise during the intervention period. 
Data collection and analysis / Statistical analysis 
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Initially, descriptive statistics were performed on the data, with position measurements (mean, median, 
mode, and percentiles) and dispersion (amplitude, variance, standard deviation, and standard error). 

Afterward, univariate analysis of these data was performed using the Shapiro‒Wilk normality test and 
Kolmogorov‒Smirnov test. The equal variance test was applied if the normality test resulted in a normal 
distribution (P>0.05). For results with P>0.05, the paired Student’s t test was used; if P≤0.05, the paired 
Student’s t test was used, followed by the nonparametric Mann‒Whitney test. If the Shapiro‒Wilk test indicated 
a nonnormal distribution (P≤0.05), the nonparametric Mann‒Whitney test was applied directly. 

Nevertheless, in the univariate analysis, one-way repeated-measures ANOVA was performed because 
the same individuals from different time points were included in each group. Then, the percentage variation was 
calculated. Next, multivariate data analysis was performed using data mining and machine learning techniques. 
In this phase, to seek a bivariate measure between the data, because the observations contain quantitative values, 
the Pearson and Spearman correlation tests were applied, with the Pearson correlation being used for a visual 
analysis using the correplot (correlation plot) strategy and as an initial measure for the following machine 
learning analyses. The following are exploratory models of machine learning: CLUSTER—classical clustering 
(an agglomerative hierarchical method) and ORDINATION—principal component analysis (PCA). 

The Z score was previously applied to adjust observation measurement units, and the Fruchterman-
Reingold algorithm was applied with the Euclidian similarity index (Fruchterman & Reingold, 1991; Karmen et 
al., 2019). Cohen’s Equations (Cohen, 1992) were used to calculate the effect size for all variables to obtain 
Cohen’s d and r values (Supp. Table 1):  where M represents the means of the observations and SDs are their 
respective standard deviations. SigmaPlot 14.5 (Academic Perpetual License - Single User – ESD Systat® 
USA), R and R Studio (Free version for Windows), AcaStat 10.0 (Free version for Windows) and Past 4.03 
(Free version for Windows) were used to carry out the different statistical tests and make the graphs. 
Ethical aspects 

The project was approved by the Ethical Committee (UNINORTE; Registration No. 59873816.9.0000.8028). 
 
Results 

The study began with 82 elderly people who agreed to participate in the study who were distributed in 
groups according to the criterion of proximity between residence and place of practice. Before the beginning of 
the interventions, the elderly individuals completed anamnesis fact sheets on their general health status and 
disease history, such as hypertension and diabetes. During the interventions, the sizes of the groups decreased 
due to participants dropping out, having disease effects and attending less than 75% of the classes, as shown in 
the flowchart (Figure 1). 

 
       
 GT1 (n=24)   

16 weeks of resistance 
exercises at outdoor gyms 
Losses = 7 

 GT1 (n=17)  
 Training group at outdoor 

gym 
Preintervention Evaluation 
Diabetics: 6 
Hypertensive: 10 

  Outdoor Gym Group 
Postintervention Evaluation 
Diabetics: 4 
Hypertensive: 8 

 

       
 GT2 (n=17)   

16 weeks of aerobic and 
localized exercise 
Losses = 6 

 GT2 (n=11)  
 Aerobic and localized 

exercise training group 
Preintervention Evaluation 
Diabetics: 4 
Hypertensive: 5 

  Aerobic and localized 
exercise training group 
Postintervention Evaluation 
Diabetics: 4 
Hypertensive: 4 

 

       

 GT3 (n=25)   
 
16 weeks of resistance 
exercises at the gym 
Losses = 8 

 GT3 (n=17)  
 Resistance exercises at a gym 

training group 
Preintervention Evaluation 
Diabetics: 5 
Hypertensive: 8 

  Resistance exercises at a 
gym training group 
Postintervention Evaluation 
Diabetics: 4 
Hypertensive: 8 

 

       
 GT4 (n=16)    GT4 (n=15)  
 Control group 

Preintervention Evaluation 
Diabetics: 3 
Hypertensive: 6 

 16 weeks without 
physical exercise 
Losses = 1 

 Control group 
Postintervention Evaluation 
Diabetics: 3 
Hypertensive: 6 

 

       
 

Figure 1. Participation flowchart according to study groups. 
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Supplementary Table 2 describes the characteristics of age, weight, BMI and sex of the elderly 
individuals according to their distribution in the treatment and control groups. 

Supplementary Table 3 shows the values obtained for the anthropometric and physical conditioning 
variables before and after the intervention in each group. Taking into account classical tests such as the t test 
between two means and ANOVA between three or more, there was only a significant difference in the ULS 
between the post- and pre-GT3 results, in the LLS between the post- and pre-GT2 results, and in the LLS 
between the post- and pre-GT3 results. There was also a significant difference in the LLS between the CG and 
GT1. However, more holistic and integrated results will be observed in future tests. 

Based on the data from the tests mentioned above, Supplementary Table 4 shows a significant 
difference in glycemia between the pre- and postintervention periods in both GT2 and the CG, as well as more 
accurate analyses during the study. For classical analysis of the variables, Supplementary Table 5 presents the 
results of the cardiovascular variables, including systolic blood pressure, diastolic blood pressure, heart rate, and 
double product, but there were no significant differences between pre- and postintervention periods or among 
groups. These results will be questioned after subsequent analyses within the present study. 

Figure 2 is shown in Graph A, which shows the morphofunctional variables for GT1, and a small effect 
on fat percentage, WHR, and ULS, and a medium effect on LLS. For GT2, there was a small effect on fat 
percentage, WHR, and ULS and a large effect on LLS. For the GT3 group, there was a small effect on the 
percentage of fat and HC, a medium effect on the ULS, and a large effect on the LLS. 
In Graph B, biochemical variables are shown, revealing a small effect on glycemia in GT1, a medium effect on 
glycemia and triglycerides in GT2, a small effect on total cholesterol in GT3, and a large effect on glycemia in 
the CG, specifically an increase in glucose levels. For the cardiovascular variables (C), there was a small effect 
on SBP and HR in GT1; a small effect on DBP, HR, and DP; a large effect on SBP in GT2; a small effect on 
SBP, DBP, and HR in GT3; and small effects on SBP and HR in the CG. 

A 

 
B 
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C 

 
 

Figure 2. Effect size of different forms of exercise on morphofunctional (A), biochemical (B) and 
cardiovascular (C) variables. 
 
 To provide a holistic view of the data, Figure 3 presents the associations between the percentage 
variations of the study variables, with the Pearson correlation being calculated as quantitative data. The 
correlation coefficients representing inverse correlations between BMI (P = 0.0007) and body fat percentage (P = 
0.007) with the ULS are highlighted in yellow. 
 
 

 
 

Figure 3. Correlation coefficients between percentage changes in study variables. 
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 Figure 4 shows through principal component analysis (A), cluster analysis (B) and network plot analysis 
with the Fruchterman-Reingold algorithm (C) that the TG, LLS and ULS variables differed the most for each 
type of exercise intervention in the present study. 

A B 

  

C 

 
Figure 4. Assessment of similarity in the trends of variables after applying the Euclidean similarity index by 
PCA (A), cluster analysis (B) and network plot (C), the latter being after applying the Fruchterman-Reingold 
algorithm. 
 The results presented in Figure 5A, which revealed different trends between the four groups, indicate 
that the results for all the variables in any of the groups did not significantly correlate with those for all the 
variables in the control group. In addition, this finding is robust given that all forms of exercise caused changes 
in morphofunctional, biochemical and cardiovascular parameters in relation to those of the control group but 
with specificities within each intervention group. 
A B 

 
 

Figure 5. Observation of all variables in sequence to compare correlations (A) and analyze main components (B) 
between the groups. 
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Dicussion 

The initial BMI values presented by the experimental and control groups indicated that the participants 
were overweight, which presents greater risks for the development of cardiovascular diseases and is considered a 
strong indicator of mortality (MacMahon et al., 2009). 

After the interventions, all the parameters in the intervention groups showed a decreasing trend, which 
is contrary to the increasing trend observed in the parameters of the control group. The results of this study 
corroborate those of Filho et al. (2011), who reported that although the proposed exercise program significantly 
reduced the BMI of elderly participants, they still had values above the mean for this population. These findings 
indicate the importance of continuity in exercise programs and possible adjustments of volume and intensity in 
the activities to obtain desirable outcomes. The percentage of fat decreased in the experimental groups after the 
interventions, with effects above 0.2 for all groups, demonstrating that participating in physical activity may be 
an important element in maintaining ideal fat levels. Additionally, in accordance with Aoyagi and Shephard 
(2010), the accumulation of body fat (% fat and sum of skin folds) related to aging is more strongly associated 
with lifestyle and physical activity level than with aging itself. 

GT3 presented greater fat loss (-7.72%) than did the other groups, possibly due to the effect of 
resistance training. Burleson et al. (1998), when comparing resistance exercises with aerobic exercises, reported 
that resistance exercises may cause greater disturbance in homeostasis than aerobic exercises, suggesting that, 
due to the high intensities involved, they could require greater energy expenditure both during exercise and 
recovery. It is believed that this effect is due to the reduction in body fat deposits associated with weight training, 
a product of postexercise oxygen consumption caused by high-intensity stimulation, which could increase lipid 
oxidation afterwards (Poehlman & Melby, 1998). 

Waist circumference tended to decrease in the treatment groups, and this trend was opposite in the 
control group. These results suggest that participation in activities was the contributing factor for this decrease 
since the waist circumference of the CG increased during this period. Notably, fat accumulation in this age group 
occurs more commonly in the intra-abdominal region than in the subcutaneous region (Cetin & Nasr, 2014). Hip 
circumference decreased more in GT3 than in GT1 and was fivefold greater in GT3 than in GT2. Thus, 
participating in physical exercise can be considered a protective factor since abdominal obesity is more 
consistently related to a metabolic profile that predicts the risk of cardiovascular disease than is general obesity 
(Rexrode et al., 1998) and has an important association with physical disability (Angleman et al., 2006). 

In relation to the percentage variation in force, both the ULS and LLS showed an increase in order of 
magnitude, being lower in GT1, intermediate in GT2 and greater in GT3. Looking at the extent of the effect, 
overall, LLS had the greatest effect, particularly having a medium effect in GT1 and a large effect in groups Gt2 
and GT3. These findings are possibly explained by the fact that, generally speaking, higher intensity loads 
provide a significantly greater increase in force gains compared to lower loads due to neural and hypertrophic 
adaptations from the type of training (Silva & Farinatti, 2007). Vale et al. (2006) observed significant differences 
in the muscular strength of elderly women who practiced bodybuilding for 16 weeks compared to the control 
group. Souza et al. (2014), when comparing the effect of different interventions on the maximum strength of 
elderly women, concluded that the bodybuilding group presented the highest values compared to the water 
gymnastics participants and to those not practicing physical exercise. 

Similar results were found in the study by Queiroz and Munaro (2012), who reported resistance training 
for a period of eight weeks, with 50% to 70% of the elderly women experiencing a significant increase in 
muscular strength according to the 1RM. For biochemical variables, the GT1 and GT2 groups showed more 
prominent increases in glycemia and triglycerides than did GT1, with greater effects in the GT2 group, perhaps 
due to greater metabolic mobilization of energy substrates without major changes in total cholesterol. Although 
it has been described in the literature that exercise induces important physiological changes, such as increased 
glucose uptake by muscles (Teran-Garcia et al., 2005) and increased lipid oxidation (Poehlman & Melby, 1998), 
which may contribute to a decrease in blood glucose and lipid levels, the applied interventions were not enough 
to promote significant reductions. The results found in this analysis are supported by the study by Bemben & 
Bemben (2000), where after the interventions composed of resistance or aerobic exercises, no effect was 
observed in the lipid profile. Finally, for cardiovascular variables, GT2 showed a greater reduction in the 
percentage change for SBP (large effect) but with an increase in DBP (medium effects in both groups), which 
was the opposite trend to that in the other groups. GT2 also had the largest percentage reduction in DP. 

In the present study, the objective was to portray the daily realities of the elderly individuals who 
participated in the research. Therefore, they did not follow a specific diet but rather followed their routine eating 
habits, which may have influenced the final results. In studies conducted by Stefanick et al. (1998) and Nieman 
et al. (2002), where groups with a combination of diet and exercise and exercise alone were compared, they 
found that there was a decrease in LDL and TC concentrations only in the group that performed the combination 
of diet and exercise. 

Finally, it is worth highlighting that unsupervised and exploratory machine learning strategies favor a 
holistic analysis of results, and in the science of physical education and sports it sets the pace for the future 
(Galvão et al., 2023; Gomes, et al., 2023; Prampero et al., 2024).   
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Conclusions/Recommendations 

The results of this study indicate that GT2 (group of aerobic and localized exercises) exhibited greater 
percentage reductions in body mass and BMI. However, GT3 (a group of resistance exercises at gyms) exhibited 
a greater reduction in fat percentage. GT2 exhibited the greatest decrease in waist circumference, while GT3 
exhibited the largest decrease in hip circumference. The three groups exhibited an increase in strength (ULS and 
LLS). However, in ascending order, GT1 (a group of resistance exercises in outdoor gyms) exhibited the 
smallest increase, GT2 exhibited an intermediate increase, and GT3 exhibited the greatest increase in strength, 
with effects considered large in GT2 and GT3. Finally, GT2 exhibited a greater percentage reduction in systolic 
blood pressure (large effect) and double product (small effect) than did the other groups. 

The three methods proved to be efficient, but with indications of preferred methods depending on the 
patients’ health conditions, objectives, or characteristics at the time of the program assignment. 

The authors recommend that the same experiment be conducted in different regions of the world and 
populations to identify whether the results observed in the present study for this age group may differ in different 
cultures or environments, especially when dealing with elderly populations, where small adjustments may 
represent greater health, longevity, autonomy, and quality of life. 
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