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Abstract: Indices such as Body Mass Index (BMI), Waist Circumference (WC) and Waist to Height Ratio (WHtR) 

have emerged as tools to assess cardiovascular risks associated with abdominal obesity. The Timed Up and Go 

Test (TTUG) assesses mobility and the risk of falls, especially in the elderly and individuals with physical 

limitations. Objective: To correlate anthropometric indicators of cardiovascular risk (BMI, WC, WHtR) and 

performance in the TTUG in elderly people who practice physical activity. Methods: Cross-sectional study, 

CAAE: 27116319.1.0000.8044, elderly people, both sexes, average age 68 years. Anthropometric data was 

collected: BMI, WC, WHtR and TUG test results. Results: Average values: weight (67.8 ± 12.7 kg), height (157.2 

± 8.4 cm), TTUG (10.3 ± 2.5 26 seconds), WC (93.3 ± 10.9 cm), waist-to-height ratio (0.59) and BMI (27.4 ± 4.4): 

Correlations between 27 TTUG and age (r = -0.086, p = 0.683), TTUG and BMI (r = 0.29, p = 0.892) WC and WHtR 

(r = 0.927, p 28 < 0.001). Conclusion: This study revealed correlations between anthropometric indicators of 

cardio vascular risk (BMI, waist circumference, waist-to-height ratio) and performance in the TUG test in the 

elderly.  

Keywords: cardiovascular risk factors; elderly; anthropometric indicators 

 

1. Introduction 

In the contemporary global scenario, the substantial increase in the elderly population is 

accompanied by significant health-related challenges, including an increased risk of cardiovascular 

diseases and falls. As an individual age, the musculoskeletal system undergoes physiological changes 

that compromise its functionality, such as the loss of muscle mass and the increase in adipose tissue, 

which are common in the ageing process [1-3]. These changes manifest in a decline in physical 

abilities, including a reduction in muscle strength, flexibility, agility, coordination and joint mobility. 

These factors culminate in increased postural instability and, consequently, increase the risk of falls 

among the elderly [4-6]. Aging is a complex interaction of genetic, environmental, nutritional and 

behavioral factors, resulting in individual variations in the manifestation and progression of this 

process, affecting both the general well-being and the health and daily functionality of the elderly. 

To address this variability, targeted interventions with preventive health actions, encouraging 

healthy habits, can be developed to improve quality of life in older age as an integral part of a health 

promotion approach to longevity [7,8]. 

In addition, it is important to note that the aging process also brings with it significant changes 

in the cardiovascular system. Cardiovascular health can be compromised due to stiffening of the 

arteries, increased blood pressure and other age-related changes. These factors contribute to a greater 
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risk of cardiovascular disease, which in turn can negatively affect the body's ability to maintain 

balance and respond appropriately to postural challenges, thus increasing the risk of falls among the 

elderly [3,9,10].  

The elderly population therefore faces a high risk in both these aspects: cardiovascular disease 

and falls. Given this scenario, and the complex interaction between cardiovascular risk factors and 

falls, anthropometric indicators have emerged as a highly relevant area of research. Instruments such 

as body mass index (BMI), waist circumference (WC) and waist-to-height ratio (WHtR) are gaining 

prominence in assessing the link between excess weight and cardiovascular risk [11,12].  

Waist circumference and waist-to-height ratio have emerged as valuable anthropometric metrics 

for assessing abdominal fat distribution and predicting cardiovascular risks [13,14]. On the other 

hand, the Body Mass Index, widely used as a global indicator of weight status, has limitations, 

particularly as it does not discriminate between lean mass and body fat. In contrast, WC and WHtR 

offer a direct approach to assessing abdominal adiposity, an essential consideration for 

cardiovascular health [15].  

At the same time, the Timed Up and Go Test (TUG) is proving to be an essential tool that is 

widely used to assess the mobility of the elderly, both clinically and scientifically, due to its simple 

application and low cost. The TUG not only correlates with overall functional capacity, but also 

emerges as an important indicator of risk for falls in the elderly and individuals with physical 

limitations. This assessment encompasses a series of actions, such as getting up from a chair, walking 

a short distance, turning around and returning to a sitting position [16,17].  

In this context, this study aims to investigate the associations between anthropometric indicators 

of cardiovascular risk and performance in the TUG test in elderly participants in public physical 

activity programs. By exploring these correlations, we aim to deepen our understanding of the 

complex interactions between body composition, cardiovascular health and physical function in an 

elderly population that is susceptible to cardiac disorders and mobility problems. The results of this 

study may provide valuable information for the development of targeted strategies to improve 

mobility and reduce cardiovascular risks in this vulnerable population, thus contributing to more 

effective and personalized interventions. 

2. Materials and Methods 

This was an observational, cross-sectional and analytical study, approved by the Ethics 

Committee, CAAE: 27116319.1.0000.8044.  

The evaluations took place in six different centers of the 60 Up project, a physical activity 

program for the elderly, promoted by the Municipal Department for the Elderly of Niterói City Hall, 

RJ, Brazil.  

A total of 54 individuals of both genders aged between 60 and 82 were assessed. The individuals 

were randomly selected from among the project participants and included in the study if they were 

within the proposed age range, met the inclusion criteria which included volunteers who were lucid, 

fully aware of the purpose of the research and able to answer the cognitive questions, as well as follow 

the instructions related to performing the Timed Up and Go Test (TUG), understood and signed the 

Informed Consent Form. The exclusion criteria involved. The exclusion criteria involved elderly 

people with functional disabilities, such as the need to use a wheelchair or walking aids such as canes, 

crutches or walkers, as well as individuals with severe visual or hearing difficulties. People with flu-

like symptoms were also excluded, as were those with neurological sequelae, imbalances, vestibular 

alterations (such as labyrinthitis) and men1tal disorders that made them unable to take part in the 

study. Anthropometric measurements were taken (weight, height and abdominal circumference). A 

digital scale, stadiometer and measuring tape graduated in centimeters were used. During this stage, 

anthropometric data was collected, including WC, WHtR and BMI. anthropometric measurements 

were obtained using standardized equipment and techniques; the weight and height of the 

participants were recorded while they were in an upright position, with their arms outstretched at 

their sides and their feet apart and parallel, without going beyond the hip line, wearing light clothing, 

barefoot and without any adornment.  
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An IToknic scale was used to measure weight, while height was measured using a tape measure 

fixed to the wall. The information collected was used to calculate BMI, determined using the formula 

BMI = Weight/Height², and the waist-to-height ratio using the formula: WHtR=WH (cm)/WH (cm). 

Waist circumference (WC) was measured using a tape measure positioned parallel to the ground, 

placed at the midpoint between the tenth rib and the iliac crest. During the measurement, the 

volunteer were instructed to exhale completely to ensure that the reading was accurate.  

Performing the TUG test:  

Each elderly person was initially seated on a chair. An assessor started the timer manually when 

the word “Go” was said. The participant got up from the chair, walked a predefined distance of 3 

meters, walked around a reference object and returned to the chair. The assessor manually recorded 

the time elapsed from the start to the end of the test for each participant [17,18].  

As part of the statistical analysis, the Shapiro-Wilk normality test was used to assess the 

distribution of the data. In addition, Pearson's correlation was applied to investigate possible 

correlations between anthropometric indicators and the outcomes obtained in the Timed Up and Go 

(TTUG) test, establishing a significance level of α = 0.05.  

3. Results 

Between March and July 2023, a sample of 55 elderly individuals underwent a comprehensive 

assessment. Of this population, a significant proportion (87%) were women. In terms of age group, 

there was a predominance of individuals classified as young elderly, covering the 60-69 age group, 

representing 52% of the total. Table 1 below shows the distribution of participants by age group, 

together with the results of anthropometric measurements and TTUG expressed as mean 136 and 

standard deviation:  

Table 1. Clinical Data. 

Variables 

 

    

N 29 (52%) N 22 (41%) N 4 (7%) Total 

Age (years) 60 - 69 years 70 - 79 years 
= or more than 

80 years 
 

Weight (kg) 69,3 ±11,1 68,1 ± 12,3 49,5 ± 10,3 67,2 ± 12,5 

Height (cm) 156,9 ± 6,5 158,5± 10,4 149,5 ± 6,8 156,9 ± 8,5 

BMI* (kg/cm) 28,1 ± 4,1 27,1 ± 3,9 21,1 ± 2,9 27,2 ± 4,2 

CC* (cm) 

RCEst* 

(cm/cm) 

94,6 ± 9,8 

0,6 ± 0,1 

93,2 ± 11,1 

0,5 ± 0,1 

81,5 ± 11,8 

0,5 ± 0,1 

93,0 ± 11,0 

0,6 ± 0,1 

TTUG* (seg) 9,7 ± 2,1 10,6 ± 3,1 11,2 ± 2,3 10,3 ± 2,5 

*N = Number; M = Mean; ± = Standard Deviation; BMI = Body Mass Index; WC = 141 Waist 

Circumference; WHtR = Waist to Height Ratio; TUG = Timed Up and Go Test. Source: The authors. 

Below, in Figure 1, are the results of the statistical analysis and the correlations between the times 

used in the TUG test and four specific variables of the population evaluated: Age, Body Mass Index, 

Waist Circumference and Waist to Height Ratio, providing a solid basis for future research and 

interventions aimed at this population. 
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Figure 1. Correlations between TUG, age and anthropometric variables. *TTUG = Timed Up and Go 

Test; BMI = Body Mass Index; WC = waist circumference; 154 WHtR = waist-to-height ratio. Source: 

The authors. 

The correlations that stood out most in this study were the TTUG time in combination with waist 

circumference and WHtR. This relationship is particularly relevant for understanding the influence 

of abdominal fat on the functional mobility of elderly people who practice physical activity. 

4. Discussion 

The relationship between cardiovascular risk factors and anthropometric indicators has raised 

global health concerns, with a particular focus on abdominal obesity, which has established itself as 

a wide-ranging epidemic, affecting a variety of age groups and socioeconomic groups [9,19]. 

This scenario is especially relevant among the elderly, where the incidence of abdominal obesity 

contributes to an increase in the chances of adverse cardiac events. Anthropometric indices such as 

body mass index (BMI), waist circumference (WC) and waist-to-height ratio (WHtR) have emerged 

as important tools for assessing the cardiovascular risks associated with excess weight [20]. 

In parallel, the Timed Up and Go Test (TTUG) has been widely used to assess not only functional 

mobility, but also the potential risk of falls, especially among the elderly and individuals with 

physical limitations [16,21,22]. Given this context, the present study sought to explore the correlations 

between anthropometric indicators of cardiovascular risk (BMI, WC and WHtR) and performance in 

the TTUG in a sample of elderly people practicing a physical activity program. The results showed 

that the correlations between the time taken to complete the TUG and the anthropometric indicators 

varied. A moderate association was observed between the time taken to complete the TTUG and BMI, 

indicating that factors other than BMI may have a stronger influence on performance in the TTUG. 

On the other hand, significant correlations were found between TTUG time and waist circumference, 

as well as between TTUG time and WHtR. These correlations suggest that greater abdominal obesity 

may be associated with slower performance in the TTUG test, possibly due to mobility and balance 

limitations.  
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Several studies have shown that WHtR and WC may be better indicators of CVD risk factors 

diabetes and dyslipidemia than BMI. However, some studies show that, according to well-established 

cut-off values, BMI can be considered a more sensitive indicator of hypertension in men and women, 

while WC and WHtR were better indicators of diabetes and dyslipidemia. A combination of BMI and 

central obesity measurements was associated with a greater indicator of CVD risk factors than either 

one alone in both sexes [9,14,20].  

Waist circumference has been recognized as a prominent indicator of abdominal adiposity, with 

a unique ability to predict metabolic changes and cardiovascular disease. Results from 

comprehensive epidemiological studies consistently highlight the striking links between advancing 

age, adiposity measured by WHR and the presence of cardiovascular disease. This association goes 

further, encompassing the prevalence of myocardial infarction, the development of coronary artery 

disease and an increased risk of events related to the coronary system [10,20,23,24].  

In the ELSA-Brazil study, parameters such as waist circumference, waist-to-hip ratio, conicity 

index, lipid accumulation product and visceral adiposity index were analyzed. Specifically, these 

data approximate the measurement of visceral fat obtained through imaging methods, establishing 

an association between greater mid-intimal thickness and greater prevalence of abdominal fat. Mid-

intimal thickness showed a strong relationship with waist circumference in men, and in women, it 

also showed a correlation with indicators: WHR, lipid accumulation product and the visceral 

adiposity index. These conclusions highlight the connection between various indicators of abdominal 

fat and the intima-media thickness of the carotid arteries [24]. 

At the same time, our own study found correlations between WC, WHtR and the TTUG test, 

highlighting the influence of abdominal fat on the mobility of the elderly. The correlation between 

TTUG time and waist circumference and WHtR (r = 0.927, p = 0.000) indicates a strong positive 

correlation between TUG test time and waist circumference and Waist to Height Ratio (WHtR). This 

strong relationship suggests that abdominal fat may be associated with slower performance in the 

TUG, which correlates with a higher risk of falls. 

Both this study and the work by Eickemberg et al. (2019) highlight the need to assess body fat 

distribution in order to effectively understand cardiovascular risks, as well as functional capacity and 

mobility, focusing on 220 different stages of life. 

According to a study by Zeng Q, et al, (2014), the ideal cut-off values for BMI are: 24.0 and 23.0 

kg/m2; 85.0 and 75.0 cm for WC and 0.50 and 0.48 for WHtR, for men andwomen, respectively. 

However, as can be seen in Table 1, the results of the volunteers assessed in this study were higher 

than those presented in the literature. (2015), a shorter TTUG time is related to better muscle power, 

gait speed and functional capacity. Conversely, a longer time spent performing the test is directly 

linked to lower functional mobility, suggesting that individuals are more prone to falls. A normal 

result is considered when the time taken to complete the TTUG test is less than 10 seconds. A time 

interval between 10 and 19 seconds indicates a moderate risk of falls for the elderly. The risk of falls 

is considered high when the time taken exceeds 19 seconds. In a study carried out by Herman; Giladi; 

Hausdorff, (2011), with a fall clinic cohort, with 265 participants, average age 76 years, the average 

TUG score was 9.5 seconds, with variations from 5.4 to 15.6 seconds. This time was lower than the 

average of the results presented here, where advancing age seems to have a minimal impact on the 

time taken to perform the TTUG (average 10.2 seconds).  

As pointed out in the investigations carried out by Pondal and del Ser (2008) and Bohannon 

(2006), which emphasize the impact of ageing on the mobility and functional capacity of the elderly, 

the studies indicate a positive correlation between the timetaken to perform the TUG Test and age. 

Older people tend to take longer to complete the test. This phenomenon can be attributed to the 

physiological and biomechanical changes that occur over the years, directly influencing the speed 

and agility of movements. In addition, factors such as reduced muscle mass, decreased strength and 

loss of flexibility contribute to this observed relationship between ageing and performance in the 

TTUG.  

In our evaluations, in a context of elderly people engaged in regular physical activity, it was 

observed that the functional mobility capacity of these active elderly individuals is not substantially 
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affected by advancing age, although it is affected by the accumulation of abdominal fat, and a 

moderate risk of falling assessed by the TTUG time was also observed in the volunteers over 70 years 

old. The results point to different relationships between TTUG time and the variables studied. There 

was a moderate negative correlation between BMI, body weight and age (-0.27), indicating that, in 

the context of this population, older people tend to have slightly lower body weights. Age and BMI 

show moderate correlations with TTUG time, while waist circumference and WHtR show a strong 

and significant correlation, indicating a strong association between abdominal fat accumulation and 

TTUG performance. These results can be attributed to the complexity of the influences that these 

variables have on functional capacity, with factors such as muscle strength, flexibility and balance 

also playing crucial roles in TTUG performance, indicating that there is a tendency for TTUG 

performance time to increase as abdominal fat accumulation, BMI and age increase. It should be 

noted that, within this specific context of elderly people engaged in public physical activity programs, 

the correlations found may be shaped by the very nature of the interventions carried out in the 

programs, which may have a different impact on the factors associated with mobility and physical 

health assessed in this study. In this context, understanding these relationships can be understood as 

an effect of public physical activity programs, and can contribute to a more holistic approach to 

assessing and improving functional capacity in active older people.  

A possible limitation of our study is the small sample size of the population evaluated, which 

makes it advisable to include a larger sample size in future studies. In addition, the cross-sectional 

design of the study is another limitation identified, as it did not allow us to follow the population 

assessed over time, thus making it impossible to establish cause and effect relationships. Although 

we observed some trends, we lack robust evidence to categorically state the existence of significant 

relationships between the specific variables evaluated. This caveat highlights the intricate complexity 

of the interactions between the variables in the context of healthy elderly people who practice 

physical activities, thus emphasizing the urgent need to conduct additional studies on the subject. 

5. Conclusions 

The study revealed correlations between anthropometric indicators of cardiovascular risk (BMI, 

waist circumference and waist-to-height ratio) and performance in the TUG Test in the elderly. This 

scenario suggests that regular physical activity may be contributing to the preservation of mobility 

functionality in this group, regardless of body weight or age. However, it is prudent to point out that, 

due to the study's limitations, further research is recommended in order to reach more solid 

conclusions about these associations in the context of active elderly people. Future studies could 

further explore these associations and identify additional cardiovascular risk factors that may 

influence the results of the TTUG. 
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