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ABSTRACT 

International Journal of Exercise Science 15(3): 330-340, 2022. This study examined the potential impact 
of BMI on physical function and lower-extremity muscle strength (leg extension and flexion peak torque) 
performance in active/trained older individuals. Sixty-four active/trained older individuals were enrolled, and 
later allocated to groups according to BMI categories (normal [≤ 24.9 kg/m2], overweight [25 to 29.9 kg/m2] and 
obese [≥ 30 kg/m2]). Sixty-four active/trained older individuals were enrolled, and later allocated to groups 
according to BMI categories (normal [≤ 24.9 kg/m2], overweight [25 to 29.9 kg/m2] and obese [≥ 30 kg/m2]). 
Assessments were conducted in two separate visits to the laboratory. In the first visit, participants underwent 
measures of height, body mass, and peak torque leg extension and flexion using an isokinetic dynamometer. On 
visit two, participants performed the 30-second Sit and Stand test (30SST), Timed Up and Go (TUG), and 6-minute 
Walk (6MW) tests. ANOVA one-way was used to analyze the data and significance was set at P < .05. One-way 
ANOVAs did not reveal significance differences among BMI categories for leg extension peak torque (F(2,61) = 
1.11; P = 0.336), leg flexion peak torque (F(2,61) = 1.22; P = 0.303), 30SST (F(2,61) =1.28; P = 0.285), TUG (F(2,61) = 
0.238; P = 0.789), and 6MW (F(2,61) = 2.52; P = 0.089)]. Our findings indicated that for older individuals who 
exercise regularly, physical function tests which mimic ordinary activities of daily living, are not impacted by BMI 
status. Thus, being physically active may counteract some of the negative effects of high BMI observed in the older 
adult population. 
 
KEY WORDS: Activities of daily living, body composition, elderly, functional fitness, leg 
strength 
 
INTRODUCTION 
 
Body mass index (BMI) is widely used in research and clinical settings as a measure to categorize 
individuals as underweight, normal weight, overweight or obese that takes into consideration 
mass (weight) and height (52). Although some researchers suggest that BMI can be a predictor 
of body fatness (31, 44), others suggest that BMI is a poor marker of body fat and cannot 
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distinguish between fat and lean body mass (39, 48). Nonetheless, BMI is a practical and simple 
measurement with strong associations among health outcomes in different populations, 
including older adults (5, 8, 14, 22, 51). Despite its popularity, the influence of BMI on fitness 
and functional performance in the elderly remains unclear based on the findings of previous 
studies. For example, high BMI values have been associated with increased risk for chronic 
diseases (20, 22, 47, 50, 51), poor muscle quality (6, 46), and diminished physical functioning (13, 
23) among older adults. Previous studies conducted in older Americans and Asians have further 
suggested a negative association between BMI and muscle grip strength (20, 32, 43). In contrast, 
however, Hardy et al. (18) reported that men with higher BMI values performed better in 
handgrip strength testing. Previous studies examining muscle strength have focused primarily 
on handgrip assessment, and there are limited data regarding the potential effect of body fatness 
(i.e. BMI) on physical function and direct measures of lower-extremity muscle strength. 
Importantly, such measures are strongly associated with independence in activities of daily 
living (e.g., activities requiring walking) among the older adult population (4). Furthermore, 
studies examining the impact of BMI on different health outcomes have been conducted in 
inactive, sedentary or non-trained older populations (9, 20, 29). Thus, it remains unclear whether 
higher BMI values negatively impact health-related outcome measures such as physical function 
and more objective measures of lower-extremity muscle strength in active/trained older 
individuals.  
 
Sufficient levels of physical function and lower-extremity strength are important factors for 
successful healthy aging and reduce the risk of falls, a major public health concern due to its 
negative consequences to individuals and society (25, 26). Despite its popularity, the influence 
of BMI on fitness and functional performance of older adults remains unclear based on the 
findings of previous studies. Thus, the present study may help expand our understanding on 
the potential impact of BMI on health-related outcomes in different sub-populations of older 
individuals (i.e., active vs. sedentary). To this end, the purpose of the present study was to 
examine the potential impact of BMI on physical function and lower-extremity muscle strength 
(leg extension and flexion peak torque measured using an isokinetic dynamometer) 
performance in active/trained older individuals. Based on previous findings, we hypothesized 
that higher BMI (overweight, obese) values would negatively impact physical function and 
strength performance in this population. 
 
METHODS 
 
Participants 
This cross-sectional study protocol was approved by a university Institution Review Board (IRB 
protocol number: 04242218.2.0000.5659) and all participants provided written informed consent 
prior to data collection. Further, this study was conducted fully in accordance to the ethical 
standards of the Declaration of Helsinki, and the ethical standards of the International Journal 
of Exercise Science (33). Sixty-four active elderly individuals (86% females) were recruited and 
enrolled to participate in this study (Figure 1). Participants were recruited from the fitness 
program for seniors offered by the School of Physical Education and Sports of Ribeirão Preto, 
University of São Paulo, Brazil (EEFERP-USP in Portuguese). Enrolled participants had been 
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engaged in the program for at least 3 months prior to data collection and regularly exercised at 
least 3 times per week, 60 minutes per session. During the program participants engaged in 
whole body functional training which included aerobic exercises such as walking and cycling, 
as well as resistance training using body weight exercises and free weights, with the main goal 
to improve individual’s functional capacity. Stretching exercises were performed as part of the 
warm up and cool down on every session. Inclusion criteria included: a) member of the referred 
fitness program, b) aged ≥ 60 years, c) fully ambulatory, and d) no risk of malnutrition. 
Participants were excluded if they: a) did not complete all stages of the study, b) voluntarily 
withdraw from participation; or c) suffered any condition that could influence their ability to 
perform the selected assessments (e.g., knee and hip prostheses, tumors, back pain). 
 

 
Figure 1. Process of sample recruitment and enrollment 
 
Protocol 
All assessments were conducted in a laboratory research setting at the School of Physical 
Education and Sports of Ribeirão Preto, Brazil, and were conducted in two non-consecutive 
days. During the first day, participants read and signed the informed consent, completed the 
questionnaires and underwent anthropometric measures of height and weight. In addition, 
participants underwent the lower-extremity muscle strength assessment in the isokinetic 
dynamometer. In the second day, participants performed the physical function tests (i.e., 30SST, 
TUG and 6MW). Overall, assessments took an average of 30 minutes per day of visit. 
 
Body mass index (BMI): BMI was calculated based on participants body mass (kg) divided by 
their height (m2) (12). Body mass was assessed using an analogic scale (Marte LS200, Santa Rita 
do Sapucaí, MG, Brazil) and height was assessed using a wall mounted stadiometer (Seca, Chino, 
CA, United States) collected by two experienced research staff. For body mass and height 
assessment, participants were asked to remove their shoes and heavy clothes and remain as 
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static as possible. BMI values were used to allocate participants into three categories: normal 
weight (≤ 24.9 kg·m-2), overweight (25 to 29.9 kg·m-2) and obese (≥ 30 kg·m-2) according to widely 
used criteria (52). 
 
Physical function: Physical function was assessed using a collection of measures which included: 
a) 30-second Sit and Stand (30SST) to assess lower-extremity functional strength; b) Timed Up 
and Go (TUG) as a measure of dynamic balance and; c) 6-minute Walk Test (6MW) to assess 
aerobic capacity and walking ability. These tests have been shown to be valid and reliable 
assessments in the older adult population and were administered following standardized 
procedures (36). A 5-minute rest between tests performed was adopted for participant recovery.  
 
Lower-extremity muscle strength: Lower-extremity muscle strength was assessed as leg extension 
and flexion peak torque with an angular velocity of 60º·s-1 using an isokinetic dynamometer 
(Biodex System 4 Pro) following standard procedures (3). Briefly, a protocol of one 
familiarization series with ten submaximal repetitions and 60-second resting intervals was 
adopted. The employed testing protocol consisted of three series of four valid maximal 
repetitions of leg extension and flexion with 60-seconds rest in between trials. The highest peak 
torque values achieved were used as the representative performance scores and expressed in 
N·m. 
 
Other measurements: Demographic information was gathered for the purpose of sample 
characterization using a questionnaire developed specifically for the purpose of the present 
study. Questions included gender, age, educational attainment, and race. Further, participants 
nutritional status was determined using the widely adopted Mini Nutritional Assessment 
(MNA), which is a valid instrument developed to assess potential risk of malnutrition in older 
adults (21, 27). The MNA was used to identify potential participants at risk of malnutrition or 
malnourished. 
 
Statistical Analysis 
Descriptive statistics (mean, median, standard deviation) were used for general sample 
characterization. In addition, separate one-way analyses of variance tests (ANOVAs) were used 
to examine potential differences in 30SST, TUG, and 6MW as well as leg extension and flexion 
peak torque among BMI categories (normal weight vs. overweight vs. obese), with partial eta-
squared (ηp2) used as a measure of effect size. Data were analyzed using SPSS version 25 (IBM 
Corporation, Armory, N.Y) and significance was set at P < 0.05. 
 
RESULTS 
 
Detailed information on demographic and health characteristics of the sample are provided in 
Table 1. Briefly, mean (SD) age of the participants was 65.0 (6.1) years with BMI values of 27.8 
(4.2) kg·m-2. All participants reported no difficulties to perform activities of daily living (ADL; 
data not shown) and were also classified as normal nutrition status according to the MNA.  
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Table 1. Demographic, anthropometric, and nutritional characteristics of the sample overall and separated by body 
mass index categories.  

BMI Categories  
Overall 
(n = 64) 

Normal 
(n = 20) 

Overweight 
(n = 26) 

Obese 
(n = 18) 

Age, years 65 (6.1) 66.1 (7.4) 62.6 (5.9) 64.3 (4.6) 
Gender, female/male 55/9 15/5 22/4 18/0 
Education, n (%)     
 College degree 15 (23.4) 5 (25.0) 8 (30.8) 2 (11.1) 
Race, n (%)     
 Caucasian 49 (76.6) 14 (70.0) 19 (73.1) 16 (88.9) 
 African-descent 5 (7.8) 2 (10.0) 3 (11.5) --- 
 Hispanic 10 (15.6) 4 (20.0) 4 (15.4) 2 (11.1) 
Body mass, kg 71.4 (11.6) 59.7 (7.5) 71.9 (7.1) 64.3 (6.3) 
Height, cm 160.31 (7.5) 160.1 (8.1) 161.7 (7.6) 158.5 (6.9) 
BMI, kg·m-2 27.8 (4.2) 23.2 (1.6) 27.4 (1.4) 33.3 (2.0) 
MNA, score 13.5 (.78) 13.4 (.82) 13.6 (.70) 13.4 (.85) 

Note: Data are present as mean (standard deviation). BMI: Body Mass Index; kg: kilogram; cm: centimeters; MNA: 
Mini Nutritional Assessment; Normal: ≤ 24.9 kg·m-2; Overweight: 25 to 29.9 kg·m-2; Obese: ≥ 30 kg·m-2 
 
Because of the known differences between males and females on physical functional, and 
muscular strength (peak torque extension and flexion), the data were first analyzed in terms of 
potential differences between sex according to BMI categories. Two-way ANOVA did not reveal 
significant differences (p > 0.05) between males and females in the selected dependent variables 
(data not shown) as a function of BMI categories. Thus, the subsequent analysis was conducted 
considering males and females as one group.  
 
Table 2 depicts the mean values observed for the physical function and lower-extremity muscle 
strength tests separated by BMI category, and respective results of the one-way ANOVAs. 
Briefly, all physical function and lower-extremity muscle strength performance scores were not 
significantly different among BMI categories in our sample of older active/trained individuals 
(P > 0.05). 
 
Table 2. Mean and standard deviation performance values of physical function and leg muscle strength tests 
separated by BMI categories and results of the one-way analyses of variance tests.  
 BMI Categories    

 
Normal 
(n = 20) 

Overweight 
(n = 26) 

Obese 
(n = 18) F p  

ηp2 
TUG, sec 5.65 (1.35) 5.77 (1.61) 5.94 (1.11) 0.210 0.81 .007 
30SST, rep 16.20 (3.99) 15.65 (5.36) 13.89 (2.99) 1.437 0.24 .045 
6MW, m 498.20 (87.52) 499.54 (84.43) 449.44 (59.03) 2.527 0.08 .077 
Peak Flexion, N·m 53.25 (21.15) 59.51 (22.18) 51.84 (16.72) 0.907 0.40 .029 
Peak Extension, N·m 96.43 (24.80) 109.47 (37.83) 95.90 (32.21) 1.221 0.30 .033 

Note: BMI: Body Mass Index; TUG: Timed Up and Go; 30SST: 30-second Sit and Stand; 6MW: 6-minute Walk Test; 
Peak Flexion: Peak torque flexion; Peak Extension: Peak torque extension; N·m: Newtons per meter. Normal: ≤ 24.9 
kg·m-2; Overweight: 25 to 29.9 kg·m-2; Obese: ≥ 30 kg·m-2 
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Subsequent analysis examining peak torque extension and flexion relative to body weight as a 
function of BMI revealed significant differences in both peak torque extension and flexion. Peak 
torque extension (Normal weight: 152.93 ± 55.60 vs. Overweight 144.72 ± 51.87 vs. Obese 108.80 
± 45.93, (F2,61) = 3.944; p = 0.025). Peak torque flexion (Normal weight: 88.02 ± 32.42 vs. 
Overweight 82.21 ± 27.77 vs. Obese 62.11 ± 19.45, (F2,61) = 4.673; p = 0.013)). Follow up 
Bonferroni post-hoc analysis revealed significant differences for peak torque extension (p = 
0.025) and flexion (p = 0.013) between the normal weight and obese groups – favorable to the 
normal weight group. 
 
DISCUSSION 
 
This study examined potential differences in physical function and lower-extremity muscle 
strength performance as a function of BMI categories in a sample of active older individuals. 
Our results generally indicated no significant differences among BMI categories on physical 
function performance tests (i.e. 30SST, TUG, 6MW) or lower-extremity muscle strength (i.e. leg 
extension and flexion peak torque) in this population. However, it is important to note that the 
performance in the 6MW (walking endurance) was found to be marginally significant between 
BMI groups. Overall, our findings suggest that, our sample of active older adults presented with 
similar performance scores in functional and strength testing regardless of BMI classification 
(i.e. normal, overweight, obese). Subsequent analysis conducted for peak torque extension and 
flexion but relative to body weight demonstrated that active older adults classified as normal 
weight, presented with higher relative peak torque extension and flexion than those classified 
as obese. Overall, our findings partially corroborate our hypothesis that high BMI values 
(overweight, obese) would negatively impact physical performance in active older individuals.  
In terms of the performance in the selected functional tests, our sample ranged from 12 to 19 
repetitions on the 30SST, 5.7 to 4.3 seconds on the TUG, and 512 to 640 meters in the 6MW. The 
normative values of the Senior Fitness Test (36, 37) used to compared the results of our sample 
vary across age and sex groups. Considering the mean age of our sample (i.e., 65 years old), the 
normative values for the 65-69 years old category for the 30SST range from 12 to 18 repetitions 
for males and 12 to 16 for females; for the TUG the range is 4.3-5.7 seconds for males and 4.8-6.4 
seconds for females, and the 6WM the range is 540-640 meters for males and 457-589 for females. 
Taking the normative values into consideration, our sample would be classified as “average” 
for the 30SST and TUG, and “above average” for the 6MW. In addition, the mean relative values 
for peak torque extension and flexion were 1.37 Nm/kg and 0.78 Nm/kg, respectively which is 
in the range of the normative values. For instance, the normative values for extension is 1.5 
Nm/kg around the age of 60-65, decreasing to 1.2 Nm/kg for individuals older than 80 years 
(34, 40). In terms of peak torque flexion, the literature shows values of 0.64 Nm/kg around the 
age of 60-65 (10, 40). Taken together, the performance of our sample in the functional tests as 
well as in lower extremity muscular strength seem to be within the normal values observed in 
the literature. 
 
The literature provides equivocal results on the association between BMI and health-related 
outcomes. For example, Hardy et al. (18) reported positive relationship between BMI scores and 
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handgrip strength performance. In contrast, Shin et al. (42) demonstrated that high BMI scores 
negatively impacted physical performance in their sample of obese adults. Furthermore, 
previous findings have suggested that older adults classified as normal weight had higher 
muscle strength compared to their counterparts classified as obese (14, 15, 19, 20, 41). Our 
findings of relative (to body weight) peak torque and peak flexion, which are objective measures 
of muscular strength, corroborate the idea that BMI values may negatively affect muscular 
performance among older adults. In fact, we observed that normal weight BMI individuals 
presented with significantly higher relative peak torque extension and flexion values compared 
to their counterparts in the obese group. However, our findings on functional tests showed no 
significant differences among different BMI categories. Of note, the association between high 
BMI values, mobility limitation (24), chronic disease - particularly cardiovascular disease (22, 
47, 50, 51), and mortality risk (7, 28) have also been observed by researchers. Collectively, the 
findings of these previous investigations (24, 28, 42, 47, 50) suggested that high BMI values may 
be associated with negative health outcomes and reduced performance in physical function 
tests. However, the relationship among BMI, health measures, and functionality may depend 
upon the population being analyzed and the selected variables examined, and whether or not 
the results taken into account one’s body weight. In particular, our study enrolled active/trained 
older individuals compared to previous studies in which inactive/non-trained individuals were 
recruited (5, 30, 41). Our participants were engaged in whole body functional exercise training 
involving aerobic and resistance training for at least 3 months, 3 times per week, with 60 minutes 
duration per session, with a focus on functional capacity. Based on this information it is clear 
that our participants were trained and highly active. Thus, it is possible that BMI status does not 
impact physical function tests (that mimic ordinary activities of daily living) in elderly 
individuals who exercise regularly. This is reinforced by findings from previous studies 
demonstrating that being physically active on a regular basis significantly attenuates the 
negative impact of being overweight or obese in terms of morbidity and functionality (16, 35). 
For instance, a recent study conducted in 220 older adults showed that high physically active 
individuals presented with lower waist and hip circumference, lower body fat percent, better 
physical fitness (assessed using upper and lower body strength, static and dynamic balance, 
flexibility and endurance tests) and a better lipid profile than their counterparts reporting low 
levels of physical activity (35). Similarly, researchers examining the influence of being 
overweight on functional capacity of 24 active older women (exercise regularly twice a week), 
concluded that physically active overweight older women do not present with poor 
performance of total functional capacity, however, they tend to present lower hip and upper 
body flexibility (1). Collectively, these studies provided cross-sectional evidence that being 
physically active seems to positively impact anthropometric indicators, physical fitness, and 
lipid profile among older adults. 
 
The present study was not without limitations, therefore our findings should be interpreted with 
caution. First, BMI is used to estimate body fatness in large populations but it is not a direct 
measure of body fatness on an individual level. On this point, it is well-known that factors such 
as age and amount of muscle mass can influence BMI values. Previous studies, however, have 
shown that BMI is moderately-to-strongly correlated with more direct methods of body fat 
obtained from valid methods such as bioelectrical impedance and dual energy X-ray 
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absorptiometry (2, 49). Our study further comprised a disproportionate number of females 
(86%). This could have impacted our findings as previous work has underscored that BMI, 
comorbidities and muscle mass differ by sex (44). BMI assessment has also being shown to be of 
concern in research including older adults (17). To minimize this issue we objectively measured 
height and weight in our sample using a stadiometer and analogic scale, respectively instead of 
self-report, which can cause bias and misclassification of the participants (11). Another factor 
not observed in our study was sarcopenic obesity, which is a condition that affects the risk of 
developing a series of adverse health events (38), due to the low muscle mass accompanied by 
obesity (45). Physically active/trained older individuals are generally not affected (38). 
Furthermore, we only examined the impact of BMI on a small collection of physical function 
tests. It would be important to investigate the potential influence of BMI and body fatness in 
active/trained individuals on a large array of tests in order to acquire a broader understanding 
in this subpopulation. Future studies should attempt to objectively assess body composition 
(preferably using a gold standard approach) and allocate groups based on body fat 
quantification using a larger and heterogeneous sample. Despite our current limitations, we 
were able to provide valuable information suggesting that high values BMI do not negatively 
affect performance in selected physical function or lower extremity muscle strength tests in older 
active/trained individuals. 
 
Our findings suggested that high BMI values do not significantly affect performance in physical 
function or lower extremity muscle strength tests in active/trained older individuals. However, 
relative peak torque and peak flexion, known measures of muscle strength, of normal weight 
individuals was found to be significant higher compared to obese individuals. Thus, 
independent of BMI classification (i.e., normal weight, overweight or obese), active/trained 
older adults presented with similar performances in physical function and lower extremity 
muscle strength tests, except when muscle strength is analyzed relative to individual’s body 
weight. These findings indicated that being physically active/trained may counteract some of 
the negative effects of high BMI observed in the older adult population. Despite the overall lack 
of association between BMI and physical functioning/muscular strength testing in this 
population, it is important to highlight that overweight and obese categories of BMI have been 
associated with a large array of adverse health outcomes in older adults including variety of 
chronic diseases and conditions. 
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