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RESUMO 

Objetivo: analisar as potenciais influências do polimorfismo genético R/X do gene ACTN3 e das características antropométricas 

e metabólicas no desempenho funcional de mulheres idosas atendidas na atenção primária em saúde. Método: Cento e quarenta 

e uma idosas foram avaliadas em relação as características antropométricas, metabólicas, funcionais, aspectos clínicos, 

cognitivos e demográficos. Foram determinadas as frequências de alelos e genótipos do polimorfismo do gene ACTN3. 

Resultados: 141 idosas (68,30 ± 6,18 anos) foram avaliadas. Não foram observadas diferenças significativas (p > 0,05) entre 

os genótipos RR e RX/XX no desempenho funcional, características antropométricas ou metabólicas das idosas. O tempo de 

realização do TUG apresentou correlações positivas com idade, índice de massa corporal, circunferência da cintura e percentual 

de gordura (s = 0,315; p < 0,001; s = 0,238; p = 0,005; s = 0,174; p = 0,039; s = 0,207; p = 0,014) respectivamente. Correlações 

negativas foram observadas entre o TUG com força de preensão manual absoluta (s = - 0,314; p < 0,001) e relativa (s = - 0,380; 

p < 0,001). Conclusão: Em nosso estudo, não foram observadas influências dos polimorfismos do gene ACTN3 no desempenho 

funcional das idosas, sendo este, influenciado por outros fatores. 

Palavras-chave: Desempenho funcional. Variação genética. Envelhecimento. Força muscular. 

ABSTRACT 
Objective: To analyze potential influences of the R/X genetic polymorphism of the ACTN3 gene, as well as of anthropometric 

and metabolic characteristics on the functional performance of elderly women assisted in primary health care. Method: One 

hundred and forty-one elderly women were assessed in terms of anthropometric, metabolic and functional aspects, in addition 

to clinical, cognitive and demographic characteristics. Allele and genotype frequencies of ACTN3 gene polymorphism were 

determined. Results: 141 elderly women (68.30 ± 6.18 years) were evaluated. No significant differences (p > 0.05) were 

observed between the RR and RX/XX genotypes in the elderly women’s functional performance, anthropometric or metabolic 

characteristics. The TUG test completion time showed positive correlations with age, body mass index, waist circumference, 

and fat percentage (s = 0.315; p < 0.001; s = 0.238; p = 0.005; s = 0.174; p = 0.039; s = 0.207; p = 0.014), respectively. Negative 

correlations were found between the TUG test with absolute handgrip strength (s = - 0.314; p < 0.001) and relative handgrip 

strength (s = - 0.380; p < 0.001). Conclusion: In our study, there were no influences from ACTN3 gene polymorphisms on the 

functional performance of the elderly women, which is influenced by other factors. 

Keywords: Functional performance. Genetic variation. Aging. Muscle strength.  

 

Introduction 
 

The growth in the number of individuals over 60 years of age is a global trend. In Brazil, 

demographic and epidemiological data point to a population of 37.7 million elderly people. Of 

these, about 58% have comorbidities1. Forecasts point to an increase in the elderly population 

from 14.7% in 2021 to 32.2% in 20602. This rise in longevity comes along with substantial 

physical changes, such as progressive loss of muscle mass, strength and power, balance and 

cardiometabolic functions3. Such facts contribute to a higher prevalence of the development of 
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chronic diseases, such as obesity, cancer, diabetes mellitus4,5, increased sarcopenia, and loss of 

functional capacity6. 

This clinical condition consequently represents an increase in morbimortality in this 

population. Simple and low-cost measures are important in order for health professionals to 

predict impaired mobility in the elderly, as well as to track sarcopenia and associated factors6. 

The timed up and go  (TUG) test associated with the handgrip strength (HGS) test is an example 

of effective tool for tracking frailty and consequent functional dependence in older adults7–10. 

Functional performance in the elderly can be influenced by the natural consequences of 

age and by several factors, such as anthropometry and body composition. In elderly women, 

age, shorter stature, heavier weight, higher body mass index (BMI), low level of physical 

activity, impaired cognitive performance and a greater number of comorbidities are associated 

with worse performance on the TUG test11. In addition to these factors, genetic aspects are 

related to the speed at which these changes occur, which can directly influence the other risk 

factors for several diseases prevalent in the elderly12,13.  

For instance, it is possible to perceive the influence of the ACTN3 gene, which encodes 

the α-actinin-3 protein, a structural protein of the Z disk of muscle cells, with main function in 

helping in and maintaining the myofibrillar arrangement, contributing to the muscle contraction 

process14. Although it is not considered a disease, deficient production of the α-actinin-3 protein 

is associated with loss of function and reduced muscle volume15,16, with a marked decrease as 

one ages17.  

The ACTN3 gene is involved in the genetics of physical fitness, being explored in 

professional and amateur elite athletes18,19, as well as in health outcomes in the general 

population. Individuals with the RR genotype fully express the α-actinin-3 protein, with better 

capacity for muscle contractions. However, those who have both XX mutant alleles present 

total absence of the protein and lower physical performance19.  

Although the association of the ACTN3 gene with anthropometric parameters in elderly 

women has not been confirmed20, the influence of the XX genotype has been reported as a 

protective potential against obesity in animal models21. Nonetheless, regarding metabolic 

parameters, Barrón-Cabrera et al. (2021) observed a metabolic dysregulation, with the presence 

of high levels of fasting glucose, dyslipidemia, hypertriglyceridemia, and insulin resistance in 

adult women with XX genotype22. 

Some studies suggest the influence of ACTN3 gene polymorphisms in the elderly when 

it comes to loss of muscle function, maintenance of bone mineral density, and risk of metabolic 

disorders23,24. However, in elderly women, this gene is still little explored with regard to 

physical fitness and performance, and results are conflicting12,24. The XX genotype is associated 

with lower muscle volume in older adults with sarcopenia25. On the other hand, studies have 

verified greater handgrip strength and better muscle strength responses after training in the 

elderly17,20. The presence of the R allele may be associated with a higher risk of sarcopenia 

compared to the X allele in active elderly women20, while a decreased prevalence of sarcopenia 

is observed in elderly Koreans carrying the R allele26. 

In this sense, studies that explore more evidence of the effects of the ACTN3 gene on 

functional performance and other associated factors, especially in elderly Brazilian women, are 

relevant. Therefore, the present study aimed to analyze potential influences of the R/X genetic 

polymorphism of the ACTN3 gene, as well as of anthropometric and metabolic characteristics 

on the functional performance of elderly women assisted in primary health care. Based on the 

information presented, our initial hypothesis was that elderly women with the RR genotype 

would present better functional performance. 
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Methods 

 

This is a cross-sectional study, with a quantitative approach, conducted with elderly 

female users of a Basic Health Unit (BHU) in the Federal District, from June to August 2019. 

The project was submitted to the Research Ethics Committee (REC) of the Federal District’s 

Health Department [Secretaria de Saúde do Distrito Federal] (SES/DF) and approved with 

opinion No. 1.355.211 and CAAE 50367215.5.0000.5553. All of them received information 

about the research, in accordance with Resolutions No. 466/2012 and No. 510/2016 of the 

National Health Council, and signed the Free and Informed Consent Form (FICF). 

 

Study participants and design 

Sampling was set by convenience. The elderly women were recruited by telephone, 

whose number was taken from their records in the BHU’s Family Health Strategy. Those who 

met the following inclusion criteria were included: female sex, age ≥ 60 years, being assisted 

at the BHU during the data collection period, accepting to participate in the research and having 

completed all laboratory tests and anthropometric measurements proposed by the study. Elderly 

women with inflammatory, rheumatic, autoimmune or chronic diseases that made it impossible 

to perform the tests were excluded. Initially, 150 elderly women were selected, but 9 did not 

complete the data collection, totaling a sample with 141 elderly women. 

The elderly female participants received guidance on the necessary preparation to 

undergo the tests, measurements and blood exams. Data collection took place from June to 

August 2019 on two occasions: at the University and at the BHU. On the first occasion, at the 

university, questionnaires and anthropometric measurements were applied, and the Dual-energy 

X-ray Absorptiometry (DEXA) was performed. On the second occasion, at the BHU, blood 

was collected, and performance and muscle strength tests were carried out. 

 

Procedures, tests and measurements 

Initially, a structured questionnaire was applied to verify demographic data (age, 

education and marital status), presence of self-reported pathologies, such as Systemic Arterial 

Hypertension (SAH) and Diabetes Mellitus (DM), as well as health-related behavior (sedentary 

lifestyle). To assess cognitive function, the Mini Mental State Examination (MMSE) was used, 

which evaluates orientation, memory and attention. The test has a maximum score of 30 points, 

and the following score was considered to classify cognitive deficit: 20 points for illiterates; 25 

points for elderly people with 1 to 4 years of schooling; 26.5 for 5 to 8 years old; 28 for those 

aged 9 to 11 years old, and 29 for those aged over 1127. 

To measure anthropometric characteristics and body composition, the women’s body 

mass, height and waist circumference (WC) were measured. Their Body Mass Index (BMI) was 

obtained through weight (kg) and height (m) measurements using the equation: BMI = 

[(Weight(kg)/Height(cm)²)]. Body fat percentage (BF%) was determined by DEXA (General 

Electric-GE, 8548 BX1L, 2005, Lunar DPX type - Encore 2005)28.  

Subsequently, the elderly women were scheduled to go to the BHU for blood collection 

after a 12-hour fast. The collection was performed by means of venipuncture, preferably in the 

antecubital fossa. The concentrations of glycated hemoglobin (HbA1c), Glycemia, Cholesterol, 

Triglycerides, high-density lipoprotein (HDL-C) and low-density lipoprotein (LDL) were 

performed in a clinical analysis laboratory funded by the research project. 

Functional performance was assessed using the Timed Up and Go (TUG) test. Prior to 

the evaluation, two tests were run for familiarization with the protocol. Performance was 

evaluated in seconds, and timing started right after the signal with the word “go”, while the 



 Machado et al. 

 J. Phys. Educ. v. 33, e3351, 2022. 

Page 4 of 14  

elderly woman was still seated, and ended immediately when she sat down again. A colored 

mark was fixed to demarcate the 3-meter walk, starting from the chair10. 

Isometric muscle strength was measured using a calibrated JAMAR® hydraulic 

dynamometer. In the sitting position, holding the dynamometer in a 90-degree elbow flexion, 

the elderly woman underwent three measurements for both hands, with maximum readings 

recorded. Absolute handgrip strength (AHGS) was summed from the readings of both hands. 

Relative handgrip strength (RHGS) was defined as absolute handgrip strength divided by the 

BMI29. 

Genomic deoxyribonucleic acid (DNA) was extracted from 5 mL blood samples, 

collected with EDTA anticoagulant using Invitek’s Invisorb Spin Blood Minikit (250) (catalog 

# CA10-0005, batch # 1031100300), with an average concentration of 20 ng/μL. Genotyping 

for ACTN3 gene polymorphisms was performed by the polymerase chain reaction (PCR) 

method with restriction fragment length polymorphism. The PCR product was digested with 

DdeI restriction enzyme (New England Biolabs, Inc., USA). To assemble the digestion system, 

the following were used: 10.0 μL of PCR; 2.0 µL of 10x NEB3.1 buffer (Biolabs); 1 μL of DdeI 

enzyme (10U/μL), topped up with ultrapure water to a final volume of 20 μL per reaction. The 

system was maintained at 37˚C for 3 hours. The digestion products were subjected to an 

electrophoretic run in 3% agarose gel (Invitrogen Life Technologies, USA), with ethidium 

bromide at a power of 100W for 20 minutes. The R577X allele created a new restriction site, 

and the 291bp fragment was cleaved into three of 108bp, 97bp and 86bp; the 577R allele was 

cleaved into 205bp and 86bp30. 

 

Statistical analysis 

All analyses were conducted using the Statistical Package for Social Sciences (IBM 

SPSS, IBM Corporation, Armonk, NY, USA, 25.0). Descriptive analysis was used to calculate 

descriptive measures, and absolute and relative frequencies. The Kolmogorov–Smirnov test 

was applied to verify data normality distribution. Spearman’s correlation coefficient was used 

to verify the correlation between the variables. To compare TUG values in accordance with 

clinical, demographic and lifestyle characteristics, the Kruskal-Wallis test and the Mann-

Whitney U test were employed, when appropriate. To compare the genotypes, the t test for 

independent samples was used when normality was verified, and the Mann-Whitney U test 

when normal distribution was not verified. Adherence to the Hardy-Weinberg equilibrium for 

genotypic frequency in controls was analyzed by the chi-square test with one degree of freedom. 

p < 0.05 was adopted as significance level. 

 

Results 

 

The clinical characteristics of body composition, metabolic parameters, muscle strength 

and functional performance of the 141 elderly women are presented in Table 1.  
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Table 1. Anthropometric, metabolic and functional characterization of the elderly women 

(N=141) 

 Minimum Maximum Mean ± SD Median (interquartile range) 

Age (years) 60.00 85.00 68.30 ± 6.18   67.00 (63.00 – 73.00) 

BMI (kg/m²) 21.50 48.00 30.40 ± 4.30 30.40 (27.80 – 32.30) 

Waist (cm) 63.00 141.00 99.02 ± 10.86 99.00 (94.00 – 102.00) 

Body fat (%) 32.50 56.30 43.48 ± 4.37 43.17 (40.90 – 46.00) 

HbA1c (%) 4.60 12.50 6.33 ± 1.43 5.90 (5.50 – 6.80) 

Blood glucose (mg/dL) 56.00 362.00 117.09 ± 49.91 99.00 (87.00 – 125.20) 

Cholesterol (mg/dL) 89.00 351.40 198.76 ± 45.06 198.00 (167.00 – 225.00) 

Triglycerides (mg/dL) 60.00 441.00 157.85 ± 76.70 137.00 (104.00 – 186.00) 

HDL (mg/dL) 23.00 91.70 48.95 ± 9.53 48.00 (43.00 – 54.00) 

LDL (mg/dL) 32.00 246.60 118.58 ± 41.71 117.00 (89.40 - 144.00) 

AHGS (Kg) 8.00 68.00 35.95 ± 10.29 35.00 (29.00 – 43.00) 

RHGS (Kg/BMI) 0.26 2.97 1.21 ± 0.41 1.16 (0.96 - 1.42) 

TUG (sec) 6.87 31.62 15.84 ± 4.77 15.49 (12.29 – 18.50) 

Note: Values are expressed as minimum, maximum, mean ± standard deviation, median and (interquartile range). BMI = body 

mass index. HbA1c = glycated hemoglobin. HDL = high density lipoprotein. LDL = low density lipoprotein. AHGS = 

absolute handgrip strength. RHGS = relative handgrip strength. TUG = timed up and go test 

Source: The authors  

 

The allelic and genotypic frequencies for the ACTN3 gene polymorphisms do not differ 

in terms of the Hardy-Weinberg equilibrium (X² = 0.136; degree of freedom = 1; p = 0.712). 

However, there was a higher frequency for the genotype of RR homozygotes (n=65) and a lower 

frequency for XX homozygotes (n=13). Carriers of the homozygous XX genotype were 

grouped with those with the heterozygous RX genotype (n=34) for analysis purposes (Table 2). 

 

Table 2. Analysis of the elderly women’s ACTN3 allelic and genotypic frequency. Brasília, 

2020 (N=141) 

    Frequencies 

   n % 

Allelic frequency* R 128 90.78 

 X  76 9.22 

Genotypic frequency RR 65 46.10 

 RX 63 44.68 

 XX 13 9.22 

 RX + XX 76 53.90 

Note: Values are presented in absolute and relative frequencies 

Source: The authors.  

 

No significant differences (p > 0.05) were observed between the RR and RX/XX 

genotypes for anthropometric and metabolic characteristics. Likewise, there were no statistical 

differences between the RR and RX/XX genotypes for the elderly women’s AHGS, RHGS and 

functional performance (TUG) (Table 3). 
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Table 3. Comparison of anthropometric, metabolic and functional characteristics, in 

accordance with the elderly women’s ACTN3 genotypes (N=141) 

 ACTN3  

 RR (n=65) RX/XX (n=76) p 

Age (years) 67.00 (63.00 – 73.00) 67.00 (63.00 – 72.00) 0.985b 

BMI (kg/m²) 30.40 (27.90 – 32.00) 30.40 (27.65 – 33.0) 0.712b 

Waist (cm) 99.00 (97.00 – 104.00) 99.00 (91.75 – 101.00) 0.073b 

Body fat (%) 43.38 ± 4.45 43.56 ± 4.32 0.810a 

HbA1c (%) 5.80 (5.40 – 6.40) 5.95 (5.50 – 7.20) 0.117b 

Blood glucose (mg/dL) 97.00 (87.00 – 112.80) 106.50 (88.50 – 139.50) 0.071b 

Cholesterol (mg/dL) 197.55 ± 45.74 199.79 ± 44.76 0.770a 

Triglycerides (mg/dL) 132.00 (102.00 – 170.00) 142.50 (108.50 – 217.00) 0.146b 

HDL (mg/dL) 48.00 (43.00 – 53.00) 48,00 (42,50 – 55,00) 0.895b 

LDL (mg/dL) 119.88 ± 43.35 117.48 ± 40.51 0.734a 

AHGS (Kg) 36.64 ± 11.63 35.36 ± 9.02 0.462a 

RHGS (Kg/BMI) 1.17 (0.99 – 1.45) 1.15 (0.95 – 1.37) 0.546b 

TUG (sec) 15.54 (11.87 – 18.48) 15,53 (12,68 – 18,61) 0.415b 

Note: Values are presented as mean ± standard deviation or median (interquartile range). BMI = body mass index. HbA1c = 

glycated hemoglobin. HDL = high density lipoprotein. LDL = low density lipoprotein. AHGS = absolute handgrip 

strength. RHGS = relative handgrip strength. TUG = timed up and go test. a p value obtained by the independent t test. 
b p value obtained by the Mann-Whitney U test 

Source: The authors 

 

Regarding the cognitive aspect, 50.4% showed changes in the mini mental state 

examination. There was a prevalence of 80.9% of systemic arterial hypertension (SAH) and 

57.4% of diabetes mellitus (DM). A total of 74.5% of the elderly women had completed 

elementary school, 41.8% were married, and 77.3% reported doing physical exercises (Table 

4).  

Comparing the values obtained in the TUG test, it was observed that elderly women 

with normal cognitive aspects performed better on the TUG test (p = 0.035), so did those 

without SAH, who performed better on the TUG test (p = 0.002). In addition, better 

performance was observed with shorter execution time for elderly women with high school 

level compared to illiterate ones and those with elementary school level (p = 0.021; p = 0.042, 

respectively) (Table 4). 
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Table 4. Functional performance comparison in accordance with the elderly women’s clinical, 

demographic and lifestyle variables (N=141) 

 Functional performance (TUG)  

 Minimum Maximum Median (interquartile range) p 

MMSE Altered (n=71) 6.87 31.62 16.27 (12.32 – 19.78) 0.035b 

 Normal (n=70) 7.37 30.44 14.71 (12.21 – 17.09)  

SAH Yes (n=114) 6.87 31.62 16.03 (12.69 – 19.22) 0.002b 

  No (n=27) 7.55 20.99 12.90 (11.36 – 15.48) 

DM Yes (n=81) 7.37 31.62 15.66 (12.68 – 18.71) 0.264b 

  No (n=60) 6.87 26.28 14.71 (11.95 – 18.20) 

Education Illiterate (n=13) 11.48 24.18 16.27 (14.42 – 20.24) 0.045c 

 Element. (n=105) 6.87 31.62 15.59 (12.21 – 19.01)  

High School 

(n=23) 
7.37 18.71 13.67 (11.04 – 16.87) 

Marital status Single (n=21) 10.56 31.62 15.48 (13.51 – 18.84) 0.230c 

Married (n=59) 6.87 30.44 14.75 (11.92 – 17.92) 

Divorced (n=14) 9.33 28.19 14.87 (9.65 – 18.50) 

Widow (n=47) 8.47 25.14 16.71 (14.19 – 18.73) 

Physical Activity Yes (n=109) 6.87 28.19 15.41 (12.10 – 17.75) 0.058b 

No (n=32) 7.37 31.62 17.09 (12.80 – 22.61) 

Note: Values are shown as minimum, maximum, median and (interquartile range). TUG = timed up and go test. MMSE = Mini 

Mental State Examination. SAH = systemic arterial hypertension. DM = diabetes mellitus. Element. = elementary school. 

b p value obtained by the Mann-Whitney U test. c p value obtained by the Kruskal-Wallis test 

Source: The authors 
 

No significant correlations were observed between the TUG test and metabolic 

measures (p > 0.05). Figure 1 shows the scatterplots for the correlations that showed 

significance between the TUG test and the descriptive measures. Positive correlations were 

observed between the TUG test and age (s = 0.315; p < 0.001), BMI (s = 0.238; p = 0.005), 

waist circumference (s = 0.174; p = 0.039), and body fat percentage (s = 0.207; p = 0.014).  

Negative correlations were found between the TUG test and absolute handgrip strength (s = - 

0.314; p < 0.001) and relative handgrip strength (s = - 0.380; p < 0.001).  
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Figure 1. Scatterplots for significant correlations between the elderly women’s clinical and 

functional characteristics with the timed up and go test 
Note: a) correlation between TUG and age. b) correlation between TUG and BMI. c) correlation between TUG and waist 

circumference. d) correlation between TUG and body fat percentage. e) correlation between TUG and AHGS. f) 

correlation between TUG and RHGS.  TUG = timed up and go test. BMI = body mass index. AHGS = absolute handgrip 

strength. RHGS = relative handgrip strength. Results obtained by Sperman’s correlation 

Source: The authors 

 

Discussion 

 

 This study sought to analyze potential influences of the R/X genetic polymorphism of 

the ACTN3 gene, as well as of anthropometric and metabolic characteristics on the functional 

performance of elderly women assisted in primary health care. The ACTN3 gene has an effect 
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on muscle phenotypes, especially in young people and athletes31, and on capacities related to 

muscle strength in elderly women20. The initial hypothesis that the elderly women’s functional 

performance would be different depending on the ACTN3 gene polymorphism was not 

confirmed. 

The genetic aspects of aging are associated with strength and functional performance12. 

As for the ACTN3 gene polymorphisms, a study evidenced a greater peak isokinetic knee torque 

in elderly women with XX homozygosity compared to those with RR+RX32. Also in that study, 

the authors did not identify differences between the genotypes for handgrip strength and 

functional performance in the gait speed test. Likewise, in the present study, no differences 

were observed between the genotypes in the elderly women’s muscle strength and functional 

performance.  

One possible factor for this finding may be related to the low frequency of XX 

homozygotes observed and the unification of this genotype with heterozygous RX genes. The 

presence of the R allele is related to protection against the development of sarcopenia and its 

consequences, such as loss of strength and muscle performance26. Another influential 

characteristic refers to ethnicity, in which a higher frequency of the X allele is observed in Asian 

populations, with the effects of the genotypes on these outcomes being shown23. 

Additionally, ACTN3 expression is limited to fast-twitch skeletal muscle fibers, 

especially type II fibers24. These fibers are the main ones affected in the aging process, which 

alters the homeostasis of skeletal muscle, causing sarcopenia, with significant loss of muscle 

mass and strength6,33. Due to the loss of these fibers during the sarcopenic process in aging, it 

is possible that the effect of the ACTN3 gene polymorphism is smaller in the elderly, not 

influencing the capacity to produce strength and functionality, as observed in some previous 

studies34,35.  

Changes in functional performance and muscle phenotypes, especially during aging, 

depend on environmental and genetic factors, as well as on gene-environment interactions36, 

factors which determine individual variability in musculoskeletal characteristics. Moreover, 

several genes may be associated with these outcomes in terms of performance12,37. In the present 

study, no significant differences were observed between the genotypes of the ACTN3 gene for 

strength and muscle performance. This finding reinforces the idea of a multifactorial and 

polygenetic approach for the determination of functionality in the elderly12,32. 

With regard to metabolic variables, research still shows an unclear relationship between 

the latter and the ACTN3 gene. However, the study by Barrón-Cabrera et al. (2021) observed 

an association of the XX genotype with metabolic changes in women, implicating this gene in 

the development of chronic metabolic diseases22. Such a fact can be observed in the study by 

Riedl et al. 38, with an increased frequency of the XX genotype in individuals with DM.  

 As for the other factors that may influence functional performance, the results of the 

present study revealed that elderly women with greater age, BMI, waist circumference, and 

high body fat percentage performed the TUG test over a longer time, which characterizes them 

with impaired functional performance. Furthermore, altered cognitive aspect, lower level of 

education, and presence of SAH were associated with a longer time to complete the TUG test.  

Increase in the time and decrease in the speed to complete the TUG test are associated 

with lower functional performance. In the present study, an average of 15.84 (± 4.77) seconds 

was observed, positively associated with age. Corroborating these results, previous research has 

indicated that elderly people with advanced age take longer to complete the TUG test, 

associating this fact with aging-related changes, such as muscle weakness and the very 

execution of the test, which requires an active and precise control of the central nervous system 

with different processes that control anticipatory postural adjustments39–41. 
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Most of the sample was overweight, with an average BMI of 30.40 (± 4.30) kg/m². 

Additionally, high values were observed for waist circumference and fat percentage. These 

measures showed a positive association with TUG completion time. In the elderly population, 

studies point out that anthropometric parameters and obesity are associated with other 

dysfunctions, such as higher cardiovascular risk42, greater inflammation43, lower muscle 

strength and function, leading to frailty and difficulties in daily living activities44,45.  

The results showed negative correlations between absolute and relative muscle strength 

and the time taken to perform the TUG test, which are good markers to identify impaired 

performance in elderly women8. Other factors, such as muscle strength and power in the lower 

limbs, balance, mobility and aerobic capacity have been shown to determine TUG variability 

in elderly women10. Moreover, low muscle strength associated with impaired functional 

performance and low muscle mass are the basis for sarcopenia diagnosis6. In this sense, the 

TUG test is related to the classification of this syndrome, especially in elderly people with good 

physical and cognitive capacity7. 

When it comes to the cognitive aspect, the elderly women with altered cognition had 

lower functional performance with longer TUG completion time, and so did those with a lower 

level of education. Other studies also show the association of poor performance on the TUG 

test in the elderly with cognitive alterations, which indicates a risk factor for this population 

with regard to impaired functional performance and increased risk of falls46–48.   

Still concerning clinical characteristics, the present study found a SAH prevalence of 

80.9%. The latter proved to be a factor associated with lower functional performance, as elderly 

women with SAH needed more time to execute the TUG test. Hypertensive individuals have 

slower processing speed, reduced balance, less functional mobility, and greater fear of falling 

compared to normotensive ones49. In this study, DM had a prevalence of 57.4%, which did not 

prove to be an influential characteristic for the TUG test. Differently, studies report negative 

effects of DM, with a significant decrease in gait speed, increased frailty and depression, 

declines in muscle strength, balance and aerobic resistance50. Likewise, the consequences of 

DM, such as diabetic neuropathy, tend to influence TUG time increases and lower functional 

performance51. 

From a clinical point of view, our results provide relevant information as to using the 

TUG test as a simple and viable tool in routine clinical practice and in research involving the 

evaluation of functional performance and associated factors, as well as the need for further 

investigations for a better understanding about the association of the ACTN3 gene with 

functional performance in elderly women. Such findings can thus especially inform health 

professionals working in primary care. Some limitations of our study must be considered when 

interpreting the results. In the evaluation of the sample based on the genotypes of the ACTN3 

gene, the low number of elderly women with XX genes did not allow for an isolated analysis 

of the presence of the R allele. Moreover, we did not evaluate the genotypes considering clinical 

characteristics of a cognitive aspect, SAH, DM, and the effect of physical activity and other 

functional performance tests.  

It is suggested that future studies consider the evaluation of other functional 

performance markers in order to identify the relationship between ACTN3 gene polymorphisms 

and physical fitness in elderly women. Studies with larger samples and different genders are 

also needed to increase the statistical power of the analysis of genetic polymorphisms. 

 

Conclusions 

 

In this study, no influence of ACTN3 gene polymorphisms on the functional 

performance of elderly women was observed. However, it was found that those of older 
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age, with higher BMI, waist circumference and body fat percentage took longer to complete 

the TUG test, which characterizes them with impaired functional performance. On the other 

hand, elderly women with lower absolute and relative muscle strength executed the TUG 

test over a longer time. Presence of SAH, altered cognitive aspect and low education were 

also influential factors for the values verified in the TUG test. In summary, the use of the 

TUG test proved to be efficient in monitoring the clinical and functional characteristics of 

elderly women assisted in primary health care, even if independently of the aspects of the 

ACTN3 gene. 
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