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ABSTRACT 
International Journal of Exercise Science 11(2): 844-855, 2018. The aim of the present study was to 
compare differences in heart rate response following a treadmill exercise test in elderly obese women categorized 
into groups based on relative handgrip strength.  Eighty-eight obese elderly women who were between the ages 
of 60 and 87 participated in the study and were categorized and enrolled to one of two groups based on lower (< 
1.51 m²) or higher (≥ 1.51 m²) relative handgrip strength, respectively. The heart rate recovery in the first and 
second minutes following the treadmill exercise test and the chronotropic index were compared between groups. 
The higher relative handgrip strength group presented a significantly higher peak heart rate during exercise and 
a quicker heart rate recovery following exercise versus the lower relative handgrip strength group (p<0.05). 
Furthermore, there was a tendency (p=0.059) toward a significantly greater chronotropic index in the higher 
versus the lower relative handgrip strength group. In conclusion, elderly women with greater relative handgrip 
strength also demonstrated a better heart rate response during and following exercise, possibly indicating better 
autonomic balance. The relative handgrip strength might be an important and inexpensive tool for the elderly 
obese women to indirect assess cardiovascular health. 
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INTRODUCTION 
 
Deficits in strength and power can be used as a determinant for disability and mortality risk in 
old age (9). In addition, field-based assessments are key tools to delineate the relationship 
between physical function and muscle quality in older adults.  Handgrip strength is a common 
field-based assessment to evaluate physical function in community-dwelling older women 
(39).  
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Handgrip strength is a simple, reliable and inexpensive assessment tool that has demonstrated 
prognostic utility (7), and is considered a powerful variable that provides useful information 
for an increased risk of mortality in older women with cardiovascular and respiratory disease 
(33). However, the use of absolute Handgrip strength might introduce bias as compared with 
relative handgrip strength. When muscle strength was compared without correcting for body 
mass, obese women presented a higher level of absolute muscle strength (8, 25), when 
compared with overweight and normal weight participants. Furthermore, when adjusted for 
body mass index (BMI), obese older women presented lower relative handgrip strength 
(RHGS). Thus, RHGS might be an interesting and convenient tool to use in clinical practice to 
classify older participants with reduced physical function or loss of independent daily living 
ability (12), and cardiometabolic disease risk factors (10). 
 
A study including 4,221 participants aged ≥ 20 years showed that RHGS adjusted for BMI was 
significantly associated with more-favourable cardiovascular health biomarkers (lower systolic 
blood pressure, triglycerides, and plasma insulin, glucose, higher high-density lipoprotein 
cholesterol in male and female participants) compared to absolute handgrip strength (25). 
These findings are in line with a positive effect of higher RHGS (adjusted for BMI) on 
cardiometabolic disease risk in 927 Taiwanese aged 53 years and older (24). Thus, using BMI to 
correct muscle strength scores has been recommended in the research of muscle quality in the 
older population (39, 10). 
 
As mentioned earlier, studies have documented a link between impaired relative muscle 
strength and risk factors for cardiovascular disease and physical function in older adults. 
However, the correlation between RHGS with autonomic function and delayed decrease in the 
heart rate during the first minute following treadmill exercise testing has not been 
investigated. A slower heart rate recovery following exercise might reflect decreased vagal 
activity (20), and represents an increased risk for overall mortality (11). To note, low isometric 
handgrip strength is associated with autonomic damage in people with diabetes and older 
individuals (30), and a lower heart rate variability is associated with lower handgrip strength, 
and a higher risk of mortality independent of age, sex and cardiovascular risk factors (22). 
Research to assess the utility of relative grip strength as an indicator of impaired heart rate 
recovery following a treadmill exercise test is needed in the older population. 
 
Moreover, obese very old women have a lower RHGS presented a higher BMI or obesity 
compared to their normal weight and overweight counterparts (12), and might present a lower 
chronotropic index. This is confirmed by the fact that obese individuals have a lower activity 
of renin-angiotensin and sympathetic nervous system during a standardized treadmill 
protocol versus lean participants, independent of hypertension status (41). 
 
The aim of this study was to compare the heart rate recovery following a treadmill exercise test 
and the chronotropic index between obese older women with high and low RHGS. 
Considering that aging and lower RHGS are associated with a higher systolic blood pressure, 
triglycerides, plasma insulin and parasympathetic dysfunction (9, 30, 36), the initial hypothesis 
was that older women with a lower RHGS would present an impaired heart rate recovery 
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following a treadmill exercise test and a lower chronotropic index versus older women with 
higher RHGS. 
 
METHODS 
 
Participants 
Community-dwelling obese older women from the Centro de Convivência do Idoso located at 
Catholic University of Brasilia were recruited for participation in the present study. 
Participants were recruited by guest lectures. To be eligible for participation in this study, 
obese older women needed to be aged ≥ 60 years. A total of eighty-eight older women were 
categorized based on RHGS. Participants were divided into two groups: < 1.51 m² (lower 
relative handgrip strength—LRHGS, n= 27) and ≥ 1.51 m² (higher relative handgrip strength—
HRHGS, n= 61). The RHGS was used as a proxy for overall strength (31, 34, 38). The overall 
hand-grip strength cut-points for increased likelihood for mobility limitation was 21 kg for 
women aged 55 years and older (6). 
 
Obesity was determined according to the recommendations of the National Institute of 
Diabetes and Digestive and Kidney Diseases, considering a cut-off point of 30% for women 
(28). Dual-energy X-ray absorptiometry (DEXA) is based on the comparison of X-ray 
attenuations of two different energies measuring total body composition and fat content with a 
high degree of accuracy, comparable to hydrostatic weighing (2,23). DEXA is thus considered 
a valid, reliable, safe, and noninvasive technique for assessment of body adiposity and obesity 
classification (14, 13). BMI was not used to hierarchical multiple regression analysis because it 
may be limited due to the loss of fat-free mass and height, while the relative adiposity, and 
specifically the intra-abdominal fat, continues to increase (19). 
 
The present study was approved by the Institutional Research Ethic Committee of Catholic 
University of Brasília (protocol 45648115.8.0000.5650/2016). The study design and employed 
procedures were in accordance with ethical standards and the Declaration of Helsinki (37). 
Each participant was fully informed about the risks associated with study participation and 
signed an Informed Consent. 
 
Protocol 
During the first visit, participants were interviewed and responded to anamnesis, and were 
excluded if they had a history of heart failure, valvular or congenital disease, or had 
pacemaker implantation, and osteo-articular disorders. During the second visit, participants 
underwent anthropometric measures, and completed a questionnaire about lifestyle, use of 
medications, and leisure type physical activity. After that, participants were given a body 
composition assessment via DEXA and a treadmill exercise test. During the third visit, 
participants underwent a battery of functional tests that included the handgrip strength 
assessment. 
 
The older women were classified as hypertensive by diagnostic criteria used in previous 
studies, such as questions, use of antihypertensive medications and self-report (27, 3). Diabetes 



Int J Exerc Sci 11(2): 844-855, 2018 

International Journal of Exercise Science                                                          http://www.intjexersci.com 
847 

was defined as documented prescription of insulin or other hypoglycemic medications (29). 
Anthropometric measures included: height (to the nearest 0.1cm) and body mass (to the 
nearest 0.1 kg), that were used to calculate body mass index (BMI) (body weight/height²). All 
circumferences were obtained using a non-elastic tape measure and followed the same 
procedures as a previous study (32). 
 
Percent body fat and fat-free mass were determined via DEXA (General Electric-GE model 
8548 BX1L, year 2005, Lunar DPX type, Software Encore 2005; Rommelsdorf, Germany) and 
the procedures were in accordance with our previous research (28). 
 
The functional tests included a 30-s chair stand, timed-up-and-go, handgrip strength (21, 35) 
and a 6-min walk test that was administered according to the guidelines of the American 
Thoracic Society (4). 
 
Handgrip strength was determined using a Handgrip Hydraulic dynamometer (Saehan 
Corp®, SH5001, S. Korea). Three measures on the right and left hand were obtained and the 
highest value was recorded. The second position was used for all the participants; with the 
forearm in a neutral position, elbow fully extended; standing position; and verbal 
encouragement was used for all participants with one-minute rest intervals between 
measurements. To calculate the RHGS, the highest reading from each hand was divided by the 
subject’s BMI. In addition, previous research supported strength corrected for BMI over the 
absolute strength measures (25, 10, 26, 31). 
 
Exercise testing procedures in the laboratory have been described in detail elsewhere (40). 
Participants underwent a symptom-limited treadmill exercise test using a ramp-treadmill 
protocol. The protocol used velocity increments (between 0.004 and 0.005 km/h each second) 
and grade (between 0.015 and 0.021% each second), adjusted for participants to reach maximal 
exercise capacity within the recommended range of 8 to 12 minutes. The initial and final 
velocity was 3.0 km/h and 6.0 km/h, respectively, while the initial and final grade was 1.0 and 
14.0 %. Participants were encouraged to exercise till voluntary-exhaustion, and the 
achievement of 85% of maximum predicted HR and/or respiratory exchange ratio > 1.02 were 
used for the termination of testing (40). During each exercise stage and recovery stage, 
symptoms (chest discomfort, rate of perceived exertion, and dizziness), blood pressure, and 
heart rate were monitored. Following peak exercise (maximum time spent in the test), 
participants walked for a 2-minute cool-down period at 2.0 km/h and 2.5 % grade (11). Heart 
rate recovery was measured by an electrocardiogram during the 1- and 2-minute cool-down 
period and was defined as the difference between heart rate at peak exercise and 1 minute and 
2 minutes following exercise. For safety, participants were permitted to lean on handrails 
during exercise. 
 
Chronotropic incompetence was assessed as failure to achieve 85% of the age-predicted heart 
rate. A chronotropic index less than 0.80 was also considered by the following equation 
[(HRstage – HRrest)/(220 – age in years – HRrest)] x 100 (Lauer et al., 1999). For the maximal 
metabolic equivalent (MET) level of participants from the treadmill time, the following 
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equation was used: maximal MET level = (treadmill time in minutes X 1.750) + 10.5/3.5 
(Farrell et al., 2002). 
 
Leisure type physical activity was evaluated based on a previous publication (42). Participants 
were asked to classify the type, frequency and duration of leisure type physical activity during 
the previous month, with several examples of exercise modalities. On the basis of Ainsworth et 
al. (1), compendium of physical activities, a metabolic equivalent value of 3.5 METs for a 
conditioning exercise, 3.0 METs for a resistance training exercise, 3.0 METs for walking, 4.0 
METs for water activities, 5.0 METs for dancing and 2.5 METs for stretching was used. 
 
Statistical Analyses 
All statistical analyses were conducted using SPSS software version 18.0 (Chicago, USA). 
Normality was verified by Shapiro-Wilk test. Independent t-tests was used for comparison 
between groups. For non-parametric variables (disease, medications, and chronotropic 
incompetence), a Chi square for proportions was used (Fisher exact test when cells with 
expected values were less than five as essential hypertension and calcium channel antagonist’s 
variables) and Cramer’s V test of association was applied, where the medium effect is > 0.3.  
 
The hierarchical multiple regression used a continuous dependent variable Cole et al., 1999 (1 
minute HR recovery) based on multiple independent variables and controlling for the effects 
of covariates based or previous research (5,18). For effect size calculations, the following 
formula was applied. d = (mean of the experimental group, < 1.51 m² – mean of the relative 
handgrip strength of the control group, ≥ 1.51 m²)/standard deviation of the control group. 
For determination of the magnitude of effect sizes we considered the following values. Trivial 
(0 - 0.2), small (0.2 - 0.6), moderate (0.6 – 1.2), large (1.2 – 2.0), and very large (> 2.0) (Flanagan 
et al., 2013).  
 
A post-hoc power analyses was analyzed for heart rate recovery during 1 minute (14) and a 
power of 89% with effect size of 0.74 was verified. Therefore, 86 participants were needed for 
this experiment in order to assures an adequate sample size and power to detect statistical 
significance. The power was calculated by the software G*Power 3.1.6 (Faul et al., 2007). An 
alpha level of p ≤ 0.05 was considered significant.  
 
RESULTS 
 
The coefficient of variation for the percent body fat estimated by DEXA was 10.10 and 6.27 % 
for the < 1.51 m² (lower) and ≥ 1.51 m² (higher) relative handgrip groups, respectively. 
 
No difference between groups for the presence of essential hypertension, diabetes, angiotensin 
receptor blockers, diuretics, beta blockers, calcium channel antagonists, angiotensin converting 
enzyme inhibiters, statins, hypoglycemic medications, chronotropic incompetence, and 
chronotropic index were observed (p >0.05) (see Table 1). 
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Table 1. Diseases, medications and chronotropic incompetence characteristics of the participants.  

 LRHGS  
(n = 27) 

HRHGS  
(n = 61) 

X² 

Diseases Yes No Yes No  
Essential hypertension 23 (85.2) 4 (14.8) 41 (67.2) 20 (32.2) 0.119 
Diabetes mellitus type 2 6 (22.2) 21 (77.8) 10 (16.4) 51 (83.6) 0.556 
Daily Medications      
Angiotensin receptor blockers 14 (51.9) 13 (48.1) 22 (36.1) 39 (63.9) 0.165 
Diuretics 13 (48.1) 14 (51.9) 25 (41.0) 36 (59.0) 0.531 
�-blockers 6 (22.2) 21 (77.8) 9 (14.8) 52 (85.2) 0.390 
Calcium channel antagonists 2 (7.4) 25 (92.6) 7 (11.5) 54 (88.5) 0.561 
Angiotensin-converting enzyme inhibiters 7 (25.9) 20 (74.1) 9 (14.8) 52 (85.2) 0.210 
Statins 6 (22.2) 21 (77.8) 18 (29.5) 43 (70.5) 0.479 
Hypoglycemic Medications 7 (25.9) 20 (74.1) 9 (14.8) 52 (85.2) 0.210 
Chronotropic evaluation      
Chronotropic incompetence 11 (40.7) 16 (59.3) 20 (32.8) 41 (67.2) 0.471 
Chronotropic index 11 (40.7) 16 (59.3) 20 (32.8) 41 (67.2) 0.471 

Data are presented as frequencies and percentage values. 
*p <.05, X² = qui-square, HRHGS = high relative handgrip strength, LRHGS = low relative handgrip strength. 
 
The LRHGS group presented a lower height (p =.001), but a higher body mass (p =.020), BMI (p 
=.001), percent body fat (p=.001), body fat (p=.001), waist circumference (p=.003), and hip 
circumference (p=.001) versus the higher relative handgrip strength group (HRHGS). 
Furthermore, the HRHGS group presented a higher leisure time physical activity (MET/h per 
week) (p =.030), absolute right (p=.001) and left handgrip strength (p=.001), relative handgrip 
strength (P=.001), 6 minutes walking test (p=.001), and a lower timed up and go test versus the 
LRHGS group (p=.001). (Table 2). 
 
For the exercise test variables, the HRHGS group presented a higher Peak O2 consumption (p 
=.001), a trend toward a statistically significant difference in a higher chronotropic index (p 
=.096), a superior peak heart rate (p=.019) and a better heart rate recovery in the first (p=.003) 
and second minutes (p=.002) post-treadmill exercise testing. In addition, a trend toward 
statistical significance for a higher maximal metabolic equivalent level (MET) and treadmill 
exercise time for the HRHGS group versus the LRHGS group (p =.059). 
 
The hierarchical multiple regression model presented a good fit for the data, F (3,87) = 5.72, p 
=.001, adj. R² =.14. Only age and BMI added significantly to the model (p < 0.05) (Model 1). The 
addition of relative handgrip strength (Model 2) did not significantly increase R² at 0.17, F 
(3,87) = 0.07, p =.783. The regression coefficients and standard errors can be found in Table 3. 
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Table 3. Hierarchical multiple regression predicting one minute heart rate recovery from, age, BMI and relative 
handgrip strength. 
 Relative handgrip strength 
 Model 1 Model 2 
Variable B β B β 
Constant 73.68*  70.90  
Age, years - 0.43* - 0.28 - 0.42* - 0.27 
BMI, kg/m² - 0.77* - 0.36 - 0.73* - 0.34 
Relative handgrip strength   0.78 0.35 
     
R² 0.16  0.17  
F 8.63*  5.72*  
∆R² 0.16  0.00  
∆F 8.63*  0.07  
Note. N = 88. * p <.05. BMI= Body Mass Index  
 
DISCUSSION 
 
The findings of this study suggest that in obese older women, a handgrip test can be an 
effective indicator of impaired heart rate recovery at one and two minutes’ following a 
treadmill exercise test. Furthermore, the results also support that lower relative handgrip 
strength adjusted for BMI had similar value as laboratory-based assessments in physical 
performance in community-dwelling older women (39). The older women in the present 
study, with lower relative handgrip strength, presented inferior agility in the timed-up-and-go 
test and inferior 6-minute walking test distance versus the higher relative handgrip strength 
group. 
 
A previous study (12) aimed to investigate whether RHGS was associated with physical 
function in 83 women (mean age 88 yrs.), and the results demonstrated that a higher RHGS 
strength was significantly associated with better physical function and independent daily 
living (12). Although all participants were obese in our study, the group with a lower RHGS 
had a higher percent body fat, BMI, waist circumference, and hip circumference versus the 
higher RHGS group. It is reasonable to suggest that muscle strength deteriorates more in older 
women with a higher percent body fat than their lower percent body fat counterparts. This can 
be inferred by a higher pro-inflammatory status in obese older women that might impair 
relative muscle strength and negatively affect fat-free mass (14). 
 
The major finding in the present study was that lower RHGS in a group of older women was 
significantly associated with an impaired heart rate recovery following a treadmill exercise 
test. Furthermore, a lower RHGS is considered a simple determinant for increased 
cardiometabolic risk factors, including: blood pressure, triglycerides, total cholesterol to high 
density cholesterol, fasting glucose and glycated hemoglobin (25,26).  Having a lower RHGS is 
also associated with autonomic damage in people with diabetes (30) and a lower heart rate 
variability, which increases the risk of mortality independent of age, sex and cardiovascular 
risk factors (22). It is possible that in older women with lower RHGS, the sympathetic 
withdrawal occurs in a slower fashion versus those with higher RHGS. Moreover, 
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parasympathetic reactivation might be prolonged in those with lower RHGS, which may 
contribute to impaired heart rate recovery (20).  
 
A generalized impairment in vagal activity is known to be a risk factor for death (11). During 
six years’ follow-up with 2,428 adults that underwent a symptom-limited exercise test, an 
impaired value for heart rate recovery was strongly associated with death in older women. 
Thus, confirming that an impaired heart rate recovery is a marker of impaired vagal activity 
and is associated with increased mortality risk factor.  
 
Moreover, after adjusting for covariates using hierarchical multiple regression, only age and 
BMI were negative determinants of 1-minute heart rate recovery, while relative handgrip 
strength was not. These results were consistent with two previous studies (5,18), showing that 
a higher BMI was associated with an impaired heart rate recovery at 1-minute post-treadmill 
exercise testing. In addition, RHGS should be considered a feasible measure to use in future 
studies with older obese women because it is simple, reliable, and inexpensive to use 
(39,25,26). 
 
Another key finding was that older women with lower RHGS demonstrated a significantly 
lower peak heart rate and a trend toward a significantly lower chronotropic index. This might 
indicate that older women with a lower handgrip strength might present diminished �-
adrenergic responsiveness that appears to contribute to an attenuated left ventricular 
contractile response to exercise (36). In addition, considering that the group of lower handgrip 
strength had a higher percent body fat; the activity of renin-angiotensin and sympathetic 
nervous systems may also be impaired in obese versus leaner individuals, irrespective of 
whether hypertension is present (41), but this hypothesis must be confirmed with further 
studies. 
 
The present study had some limitations that should be considered, such as the small sample 
population and distribution of body fat percentages between the groups promoted by study 
design. In addition, our cross-sectional analysis did not uncover any causation. Thus, the 
hypothesis that an autonomic imbalance is the main determinant of heart rate behavior needs 
to be confirmed in prospective studies. 
 
In conclusion, older women with lower relative hand-grip strength presented an impaired 
heart rate recovery following a treadmill exercise test versus older women with a higher 
relative hand-grip strength. Thus, relative hand-grip strength might be a promising and 
simple measure for practical use in the evaluated population. 
 
ACKNOWLEDGEMENTS 
 
The authors have no conflicts of interest that are directly relevant to the content of this 
manuscript. The authors thank the laboratory LAFIT of the Universidade Católica de Brasília. 
In addition, the third author wants to dedicate this paper to his family (Rita de Cassia and 
Nicolas Cunha). The authors (Dahan da Cunha Nascimento, Cristiane Rocha Silva and Bruno 



Int J Exerc Sci 11(2): 844-855, 2018 

International Journal of Exercise Science                                                          http://www.intjexersci.com 
853 

Saraiva) also acknowledge the financial support from Coordenação de Aperfeiçoamento de 
Pessoal de Nível Superior (CAPES) and Fundação de Apoio a Pesquisa do Distrito Federal 
(FAP/DF). 
 
REFERENCES 
 
1. Ainsworth BE, Haskell WL, Whitt MC. Compendium of physical activities: an update of activity codes and 
MET intensities. Med Sci Sports Exerc 32(9):498-504, 2000. 
 
2. Albanese CV, Diessel E, Genant HK. Clinical applications of body composition measurements using DXA. J 
Clin Densitom 6:75–85, 2003. 
 
3. Alonso A, Beunza JJ, Delgado-Rodriguez M, Martinez-Gonzalez MA. Validation of self reported diagnosis of 
hypertension in a cohort of university graduates in Spain. BMC Public Health 5:94, 2005. 
 
4. ATS statement: guidelines for the six-minute walk test. Am J Respir Crit Care Med 166(1):111-117, 2002. 
 
5. Barbosa Lins TC, Valente LM, Sobral Filho DC, Barbosa e Silva O. Relation between heart rate recovery after 
exercise testing and body mass index. Rev Port Cardiol 34(1):27-33, 2015. 
 
6. Binkley N, Morgan SL, Shuhart CR, Camargos BM, Carey JJ, Gordon CM, Leslie WD. Sociedade Internacional 
para Densitometria Clínica. J Clin Densitom 19 (2):127-140, 2016. 
 
7. Bohannon RW. Hand-grip dynamometry predicts future outcomes in aging adults. J Geriatr Phys Ther 31(1):3-
10,2008. 
 
8. Cavazzotto TG, Tratis L, Ferreira SA, Fernandes RA, Queiroga MR. Muscular static strength test performance: 
comparison between normotensive and hypertensive workers. Rev Assoc Med Bras 58(5):574-579, 2012. 
 
9. Chodzko-Zajko WJ, Proctor DN, Fiatarone Singh MA. American College of Sports Medicine position stand. 
Exercise and physical activity for older adults. Med Sci Sports Exerc 41(7):1510-1530, 2009. 
 
10. Choquette S, Bouchard DR, Doyon CY, Senechal M, Brochu M, Dionne IJ. Relative strength as a determinant 
of mobility in elders 67-84 years of age. a nuage study: nutrition as a determinant of successful aging. J Nutr 
Health Aging 14(3):190-195, 2010. 
 
11. Cole CR, Blackstone EH, Pashkow FJ, Snader CE, Lauer MS. Heart-rate recovery immediately after exercise as 
a predictor of mortality. N Engl J Med 341(18):1351-1357,1999. 
 
12. da Cunha Nascimento D, de Sousa NM, de Sousa Neto IV. Classification of pro-inflammatory status for 
interleukin-6 affects relative muscle strength in obese elderly women. Aging Clin Exp Res 27(6):791-797, 2015. 
 
13. Dong HJ, Marcusson J, Wressle E, Unosson M. Obese very old women have low relative hangrip strength, 
poor physical function, and difficulties in daily living. J Nutr Health Aging 19(1):20-25, 2015.  
 
14. Farrell SW, Braun L, Barlow CE, Cheng YJ, Blair SN. The relation of body mass index, cardiorespiratory 
fitness, and all-cause mortality in women. Obes Res 10(6):417-423, 2002. 
 
15. Flanagan EP. The Effect Size Statistic-Applications for the Strength and Conditioning Coach. Strength Cond J 
35(5):37-40, 2013. 
 



Int J Exerc Sci 11(2): 844-855, 2018 

International Journal of Exercise Science                                                          http://www.intjexersci.com 
854 

16. Faul F, Erdfelder E, Lang AG, Buchner A. G*Power 3: a flexible statistical power analysis program for the 
social, behavioral, and biomedical sciences. Behav Res Methods 39(2):175-191, 2007. 
 
17. Gondoni LA, Titon AM, Nibbio F, Augello G, Caetani G, Liuzzi A. Heart rate behavior during an exercise 
stress test in obese patients. Nutr Metab Cardiovasc Dis 19(3):170-176, 2009. 
 
18. Han TS, Tajar A, Lean ME. Obesity and weight management in the elderly. Br Med Bull 97:169-196, 2011. 
 
19.  Imai K, Sato H, Hori M. Vagally mediated heart rate recovery after exercise is accelerated in athletes but 
blunted in patients with chronic heart failure. J Am Coll Cardiol 24(6):1529-1535,1994.  
 
20. Jones CJ, Rikli RE. Measuring functional fitness of older adults. J Active Aging 24-30, 2002. 
 
21. Koopman JJ, van Bodegom D, Maan AC. Heart rate variability, but not heart rate, is associated with handgrip 
strength and mortality in older Africans at very low cardiovascular risk: A population-based study. Int J Cardiol 
187:559-561, 2015. 
 
22. Lauer MS, Francis GS, Okin PM, Pashkow FJ, Snader CE, Marwick TH. Impaired chronotropic response to 
exercise stress testing as a predictor of mortality. JAMA 281(6):524-529, 1999. 
 
23. Lauretani F, Russo C, Bandinelli S. Age-associated changes in skeletal muscles and their effect on mobility: an 
operational diagnosis of sarcopenia. J Appl Physiol 95: 1851–1860, 2003. 
 
24. Lawman HG, Troiano RP, Perna FM, Wang CY, Fryar CD, Ogden CL. Associations of Relative Handgrip 
Strength and Cardiovascular Disease Biomarkers in U.S. Adults, 2011-2012. Am J Prev Med 50(6):677-683, 2016. 
 
25. Lee WJ, Peng LN, Chiou ST, Chen LK. Relative Handgrip Strength Is a Simple Indicator of Cardiometabolic 
Risk among Middle-Aged and Older People: A Nationwide Population-Based Study in Taiwan. PLoS One 
11(8):e0160876, 2016. 
 
26. Lima-Costa MF, Peixoto SV, Firmo JO. [Validity of self-reported hypertension and its determinants (the 
Bambui study)]. Rev Saude Publica  38(5):637-642, 2004. 
 
27. National Institutes of Health (2001) Understanding adult obesity — National Institute of Diabetes and 
Digestive and Kidney Diseases. 2001; www.niddk.nih.gov/health/nutrit/nutrit.htm. 
 
28. Nishime EO, Cole CR, Blackstone EH, Pashkow FJ, Lauer MS. Heart rate recovery and treadmill exercise score 
as predictors of mortality in patients referred for exercise ECG. JAMA 20 284(11):1392-1398, 2000. 
 
29. Petrofsky J, Prowse M, Remigio W. The use of an isometric handgrip test to show autonomic damage in 
people with diabetes. Diabetes Technol Ther 11(6):361-368, 2009. 
 
30. Prestes J, Tibana RA. Muscular static strength test performance and health: absolute or relative values? Rev 
Assoc Med Bras 59(4):308-309, 2013. 
 
31. Prestes J, da Cunha Nascimento D, Tibana RA. Understanding the individual responsiveness to resistance 
training periodization. Age (Dordr) 37(3):9793, 2015. 
 
32. Rantanen T, Volpato S, Ferrucci L, Heikkinen E, Fried LP, Guralnik JM. Handgrip strength and cause-specific 
and total mortality in older disabled women: exploring the mechanism. J Am Geriatr Soc 51(5):636-641, 2003. 
 
33. Roberts HC, Denison HJ, Martin HJ, et al. A review of the measurement of grip strength in clinical and 
epidemiological studies: towards a standardised approach. Age Ageing 40(4):423-429, 2011. 



Int J Exerc Sci 11(2): 844-855, 2018 

International Journal of Exercise Science                                                          http://www.intjexersci.com 
855 

 
34.  Rantanen T, Era P, Kauppinen M, Heikkinen E. Maximal isometric muscle strength and socioeconomic status, 
health, and physical activity in 75-year-old persons. J Aging Phys Act 2:206–220, 1994. 
 
35. Seals DR, Taylor JA, Ng AV, Esler MD. Exercise and aging: autonomic control of the circulation. Med Sci 
Sports Exerc 26(5):568-576, 1994. 
 
36. Straight CR, Schmidt MD, Brady A. Comparison of laboratory- and field-based estimates of muscle quality for 
predicting physical function in older women. J Aging Res Clin Pract 2(3):276-279 2013.  
 
37. St-Onge MP, Wang J, Shen W, Wang Z, Allison DB, Heshka S, Pierson RN Jr, Heymsfield SB. Dual-energy X-
ray absorptiometry–measured lean soft tissue mass: differing relation to body cell mass across the adult life span. 
J Gerontol A Biol Sci Med Sci 59:796–800, 2004. 
 
38. Sallinen J, Stenholm S, Rantanen T, Heliövaara M, Sainio P, Koskinen S. Hand-grip strength cut-points to 
screen older persons at risk for mobility limitation. J Am Ger Soc 58(9):1721-1726, 2010. 
 
39. Vieira DCL, Madrid B, Pires FdO. Ratings of perceived exertion in an incremental test in elderly women. Rev 
Brasileira Cineantropometria Desempenho Hum 16(106-115), 2014. 
 
40. Weber MA, Neutel JM, Smith DH. Contrasting clinical properties and exercise responses in obese and lean 
hypertensive patients. J Am Coll Cardiol 37(1):169-174, 2001. 
 
41. Wen CP, Wai JP, Tsai MK. Minimum amount of physical activity for reduced mortality and extended life 
expectancy: a prospective cohort study. Lancet 378(9798):1244-1253, 2011. 
 
42. World Medical Association Declaration of Helsinki: ethical principles for medical research involving human 
subjects. J Postgrad Med 48:206, 2002. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 


