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Abstract – The aim of the present study was to compare differences in heart rate (HR) 
response during and following exercise in obese older women with different percent body 
fat levels. Ninety older, obese women aged 60-87 years participated in the study, were 
categorized, and enrolled to one of two groups based on a lower percent body fat (LPBF 
≤ 41.10 %) or higher percent body fat (HPBF > 41.10 %) as measured by dual-energy 
x-ray absorptiometry. The peak HR during exercise and in the first and second minutes 
of recovery period were compared between groups. The HPBF group presented a lower 
peak HR during exercise (p =.001) and an impaired HR recovery (p =.001) when com-
pared to LPBF group. The present study demonstrated that older women who were in 
exceedingly obese level have an impaired heart rate response during exercise and in the 
recovery period, indicating possible autonomic dysfunction. 
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Resumo – O objetivo do presente estudo foi comparar a reposta da frequência cardíaca (FC) 
durante e após um teste de esforço entre mulheres idosas obesas com diferentes níveis de percen-
tual de gordura corporal. Noventa idosas obesas com idade entre 60-87 anos participaram desse 
estudo e foram separadas em dois grupos com base no baixo percentual (LPBF ≤ 41.10 %) e alto 
percentual de gordura corporal (HPBF > 41.10 %) medido por absorciometria de raio-x de dupla 
energia. A FC pico durante o teste e no primeiro e segundo minuto de recuperação foram compa-
radas entre os grupos. O grupo HPBF apresentou FC pico inferior durante o teste (p = 0.001) 
e também após o período de recuperação (p = 0.001) quando comparado com o grupo LPBF. Os 
dados desse estudo demonstraram que mulheres idosas com alto percentual de gordura corporal 
apresentaram FC pico inferior e menor recuperação da FC durante o período de recuperação, 
indicando possivelmente uma disfunção autonômica.    
Palavras-chave: Envelhecimento; Frequência cardíaca; Obesidade. 
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INTRODUCTION

Recent research demonstrated an increase in the prevalence of individuals 
classified as overweight or obese among the Brazilian population1. Obesity 
is a medical condition characterized by excessive accumulation of body 
fat, capable of triggering unfavourable changes in the heart and vascular 
system and causing autonomic nervous system dysfunction2.

The physiological variable, heart rate recovery (HRR), is an impor-
tant, non-invasive measure utilized after a stress test that provides useful 
information about vagal control of the autonomic nervous system and 
cardiovascular fitness3,4. A slower HRR has been associated with decreased 
parasympathetic activity and reduced cardiovascular fitness5. Furthermore, 
previous studies demonstrated a negative correlation between HRR and 
mortality in healthy participants6 and individuals with high relative risk 
of acute myocardial infarction7.

The increase in percentage body fat is also associated with autonomic 
nervous system dysfunction of the cardiovascular system8. In obese subjects, 
this impairment is reflected by reduced parasympathetic nervous system 
function and/or sympathetic nervous system overactivity9. Furthermore, a 
study in obese subjects with low levels of physical fitness revealed an impaired 
chronotropic index and HRR during and after exercise stress testing10. 

Several studies have shown that parameters of obesity negatively affect 
HRR following exercise11-13. Barbosa et al.13 analysed the relationship be-
tween body mass index (BMI) and HRR after one minute of exercise and 
demonstrated that obese subjects (>30 kg/m2) presented higher basal HR and 
lower maximum HR accompanied by reduced chronotropic reserve. Deniz et 
al.14 reported that HRR was impaired in young adult males with metabolic 
syndrome as compared with obese subjects without metabolic syndrome. In 
addition, Gondoni et al.15, demonstrated severely obese subjects (BMI > 40 
kg/m2) exhibited lower HRR and a lower peak HR when compared with 
subjects with normal BMI (< 25 kg/m2), and the blunted increase in HR 
was the most important factor that influenced exercise capacity15.

Although BMI is an acceptable index in younger adults, errors occur 
when assessing older adults, thereby limiting its use in this population. 
Thus, the dual-energy x-ray absorptiometry (DEXA) method was chosen 
because it allows a non-invasive measurement of body adiposity while ad-
justing for changes in lean body mass and better comprehension of obesity 
measurement classification in the older adult population 16.

To date, HRR has not been directly investigated as a non-invasive cor-
relative tool to detect cardiovascular health with older women classified on 
different levels of adiposity by DEXA. This information would be valuable 
for the identification and monitoring of older adults with high cardiovascu-
lar risk pre- and post-exercise training. Thus, the aim of the present study 
was to compare differences in HR response during and following exercise 
in older women who were categorized into different groups based on body 
fat percentage as determined by DEXA. The hypothesis of this study was 
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that older women classified as higher percent body fat (HPBF) would have 
a lower peak HR during exercise and an impaired HRR following exercise 
versus older women with a lower percent body fat (LPBF).

METHODOLOGICAL PROCEDURES

Participants
A convenience sampling of community-dwelling older (n = 157) women 
from the Centro de Convivência do Idoso located at Catholic University of 
Brasilia were recruited for participation in the present study. The present 
study was approved by the Institutional Research Ethic Committee of 
Catholic University of Brasília (protocol 45648115.8.0000.5650/2016). 
To be elegible for participation in this study, women needed to be aged 
60-100 years with body fat percentages ≥ 30% as assessed by DEXA. Of 
those, 67 were excluded (did not meet inclusion criteria) leaving a total of 
90 participants who met the inclusion criteria. 

During the first visit, participants were interviewed and responded 
anamnesis given by the researcher. During the second visit, participants 
answered a questionnarie to obtain lifestyle information, use of medications, 
and leisure type physical activity (LTPA)17. After that, participants were 
submitted to a body composition assessment and exercise treadmill testing.

Participants were divided into two groups: LPBF (≤ 41.10 % = 50th 
percentile) and HPBF (> 41.10 %). In addition, the cut-off values were 
close to obese classifications using percent body fat (DEXA exam) as rec-
ommended by Gallagher et al.18 for African American (41 %) and Asian 
(41 %) adults. The characteristics of the study participants are presented 
in Table 2. Obesity was considering a cut-off point of 30% for women19. 

Leisure type physical activity (LTPA)
The LTPA was evaluated based in a previous publication17. Subjects were 
asked to classify the types, frequency, and duration of weekly LTPA com-
pleted by them during the previous month. On the basis of Ainsworth20, 
compedium of physical activities were defined using a metabolic equivalent 
value (MET; 1 MET = 1 kcal per h/kg of bodyweight) of 3.5 METs for 
a conditioning exercise, 3.0 METs for resistance training exercise (Cod 
02130), 3.0 METs for walking exercise (Cod 17200), 4.0 METs for water 
activities (Cod 18355), 5.0 METs for dancing (Cod 03020) and 2.5 METs 
for stretching (Cod 02100) were used. The subjects indicating activities 
in more than one intensity category, a weighted MET value was applied, 
considering the length of time engaged in each category. Considering 
LTPA volume as being the product of intensity (MET) and the duration 
of exercise (h), the MET-h per week of each participant was calculated.  

Anthropometrics and body composition
Anthropometric status was evaluated by the following measures: height 
(to the nearest 0.1cm) and body weight (to the nearest 0.1 kg), and these 
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were used to calculate BMI (body weight/height²). 
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). The tests included a complete 
body scan of the volunteers, in the supine position, with the apparatus 
calibrated and operated by a technically trained professional. The legs were 
secured by nonelastic straps at the knees and ankles, and the arms were 
aligned along the trunk with the palms facing the thighs. The coefficient 
of variation for the percent body fat estimated by DEXA was 8.74 and 
15.92 % for the LPBF and HPBF groups, respectively. All metal objects 
were removed from the participant before the scan.

Treadmill stress testing
Exercise testing procedures in the laboratory have been described in de-
tail elsewhere1321. Participants underwent a symptom-limited treadmill 
test using a ramped protocol. The protocol used velocity initial and final 
velocity was 3.0 km/h and 6.0 km/h, while the initial and final grade was 
1.0 and 14.0 %, respectively and maximal exercise capacity within the 
recommended range of 8 to 12 minutes. Participants were encouraged to 
exercise until volitional-exhaustion. Achievement of 85% of age-predicted 
maximum HR and/or respiratory exchange ratio > 1.02 were used for test-
ing termination21. During each exercise stage and recovery stage, symp-
toms (chest discomfort, rate of perceived exertion, and dizziness), blood 
pressure, and HR were recorded. 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 % grade22. Heart rate recovery was measured during 
the 2-minute cool-down period and relative HRR indices were defined as 
the absolute differences between peak HR and the HR values measured 
at 60 s (HRR60s) and 120 s (HRR120s) of recovery. For safety purposes, 
participants were permitted to lean on handrails during exercise.

Chronotropic incompetence was assessed as failure to achieve 85% 
of the age-predicted HR. 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.) 23. Maximal metabolic equivalent 
(MET) level was calculated for each participant using the following equa-
tion: maximal MET level = (treadmill time in minutes X 1.750) + 10.5/3.5 
(Farrel et al.)24. Maximal metabolic equivalent was calculated because it 
represents a standard scale for expressing workload and is related with 
all-cause mortality, coronary heart diseases, cardiovascular disease events, 
and heart-rate recovery22,25. 

Statistical analyses
All statistical analyses were conducted using SPSS software version 18.0 
(Chicago, USA). Normality was verified by Shapiro-Wilk test. Independ-
ent t tests were used for comparisons between groups. For non-parametric 
variables (disease, medications, chronotropic incompetence, and chrono-
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tropic index), a Chi square for proportions was used and Cramer’s V test 
of association was applied. First, the multiple linear regression utilized the 
forward step elimination method for independent variables in the model 
(percent body fat, BMI, MET, WC, WHR, hypertension, diabetes, and 
age], according to recommendations from literature13,12,22 .The continuous 
dependent variable (1 minute HR recovery) was chosen based on previous 
research22. It is noteworthy that the time constant of an earlier phase of the 
heart rate (e.g. 30 seconds and 1 minute) decay might predominantly reflect 
the rapid vagal reactivation26. In the final model, the significant variables 
were: percentage body fat, MET, and age. Secondly, a hierarchical multiple 
regression with interactions between age and MET, age and percentage 
body fat, and MET and percentage body fat was also applied. Third, to 
determine whether the multiple regression model is a good fit for the data. 
The R² for the overall model was 25.5% with an adjusted R² of 20.1%, and 
a medium effect size. In addition, all variables added statistically signifi-
cantly to the model, F (6, 83) = (4.72), p = 0.001. Linearity was confirmed 
by partial regression plots and a plot of studentized residuals against the 
predicted values. Independence of residuals was verified, as assessed by 
a Durbin-Watson statistic of 2.101. Homoscedasticity was confirmed, 
as assessed by visual inspection of a plot of studentized residuals versus 
unstandardized predicted values, and no evidence of multicollinearity 
was present, as assessed by tolerance values greater than 0.1.). An a priori 
power analysis for independent t-test, based on our pilot study (n = 53), 
was used to determine the necessary sample size to have statistical power 
at 80% 27. The sample power was calculated by the software G*Power 
3.1.6, and determined that the study would be adequately powered with 
a 0.75 effect size at 45 subjects per group. An alpha level of p < .05 was 
considered significant. 

RESULTS

No differences between groups for hypertension and diabetes (X²(1) = 
1.21, Cramer’s V = 0.11) was observed. In addition, no difference between 
groups in the use of diuretics (X²(1) = 0.18, Cramer’s V =  0.18), β-blockers 
(X²(1) = 0.72, Cramer’s V =  0.08), calcium channel antagonists (X²(1) = 
0.45, Cramer’s V =  0.07), angiotensin converting enzyme inhibiters (X²(1) 
= 0.30, Cramer’s V =  0.05), and hypoglycemic medications (X²(1) = 1.21, 
Cramer’s V =  0.11) was verified. The LPBF group presented a higher 
frequency for statins use (X²(1) = 4.48, Cramer’s V = 0.22). In addition, 
HPBF demonstrated a higher frequency of chronotropic incompetence 
(X²(1) = 3.98, Cramer’s V = 0.21) and chronotropic index (X²(1) = 8.36, 
Cramer’s V = 0.30) than LPBF group (Table 1).

The HPBF group presented a lower treadmill exercise time (p =.019), 
peak O2 consumption (p =.001), chronotropic index (p =.001), peak heart 
(p =.001), 1-minute relative HRR (p =.001), and 2-minutes relative HRR 
(p =.015) versus the LPBF group. Furthermore, body weight (p =.001), 
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BMI (p =.001), and percent body fat (p =.001) were higher in the HPBF 
group versus the LPBF group (Table 2).

Table 1. Diseases, medications and chronotropic incompetence characteristics of the subjects. 

LPBF
(n = 45)

HPBF
(n = 45) X² 

Disease Yes No Yes No

Essential hypertension 32 (71.1) 13 (28.9) 34 (75.6) 11 (24.4) 0.634

Diabetes mellitus type 2 16 (35.6) 29 (64.4) 22 (48.9) 23 (51.1) 0.270

Medications

Angiotensin receptor blockers 16 (35.6) 29 (64.4) 22 (48.9) 23 (51.1) 0.200

Diuretics 20 (44.4) 25 (55.6) 18 (40.0) 27 (60.0) 0.670

β-blockers 6 (13.3) 39 (86.7) 9 (20.0) 36 (80.0) 0.396

Calcium channel antagonists 6 (13.3) 39 (86.7) 4 (8.9) 41 (91.1) 0.502

Angiotensin-converting enzyme 
inhibiters

9 (20.0) 36 (80.0) 7 (15.6) 38 (84.4) 0.581

Statins 17 (37.8) 28 (62.2) 8 (17.8) 37 (82.2) 0.034*

Hypoglycemic Medications 10 (22.2) 35 (77.8) 6 (13.3) 39 (86.7) 0.270

Chronotropic evaluation

Chronotropic incompetence 11 (24.4) 34 (75.6) 20 (44.4) 25 (55.6) 0.046*

Chronotropic index 9 (20.0) 36 (80.0) 22 (48.9) 23 (51.1) 0.004*

Values are expressed as frequencies and percentage. * Statistically significant, X² = qui-square.

Table 2. Characteristics of the subjects. 

Anthropometrics LPBF (n = 45) HPBF (n = 45) P

  Mean (S.D.) Mean (S.D.)  

Age, years 69.67 ± 6.11 (67.83 – 71.50) 66.60 ± 5.58 (64.92 – 68.28)* 0.015

Height, m 1.54 ± 0.05 (1.52 – 1.55) 1.54 ± 0.07 (1.51 – 1.56) 0.851

BMI, kg/m² 26.12 ± 3.18 (25.16 – 27.08) 31.53 ± 3.72 (30.42 – 32.65)* 0.001

Body fat, % 34.73 ± 3.97 (33.54 – 35.93) 44.92 ± 2.82 (44.07 – 45.76)* 0.001
Functional Capacity

MET/h per week 8.89 ± 6.38 (6.98 – 10.81) 8.90 ± 6.75 (6.87 – 10.93) 0.995
Exercise test variables

Treadmill exercise time, minute 8.05 ± 2.15 (7.40 -8.69) 7.03 ± 1.85 (6.47 -7.59)* 0.019
Peak O2 consumption, ml/kg 19.39 ± 2.71 (18.55 – 20.23) 17.07 ± 2.92 (16.19 – 17.96)* 0.001

Chronotropic index 0.97 ± 0.21 (0.90 – 1.03) 0.84 ± 0.20 (0.78 – 0.90)* 0.005

Systolic blood pressure, mmHg 127.03 ± 18.13 (121.58 – 132.48) 125.58 ± 11.65 (122.08 – 129.08) 0.652

Diastolic blood pressure, mmHg 73.25 ± 9.58 (70.37 – 76.13) 72.73 ± 9.03 (69.76 – 74.56) 0.557

Basal heart rate, bpm 75.42 ± 11.78 (71.88 – 78.96) 72.73 ± 9.03 (70.01 – 75.44) 0.228

Peak heart rate, bpm 146.36 ± 14.91 (141.87 – 150.84) 139.09 ± 18.05 (133.66 – 144.51)* 0.040
1 minute relative HRR, bpm 25.24 ± 10.31 (22.15 – 28.34) 18.84 ± 7.70 (16.53 – 21.16)* 0.001
2 minute relative HRR, bpm 35.71 ± 11.80 (32.03 – 39.39) 29.62 ± 9.73 (26.38 – 32.87)* 0.015

MET 17.09 ± 3.76 (15.96 – 18.22) 15.31 ± 3.25 (14.33 – 16.29)* 0.019

BMI = body mass index, LBF = low body fat percentage, HBF = high body fat percentage, VO2 = volume of oxygen consumed, * P < 0.05 
low body fat group vs. high body fat group.

The addition of percent body fat (Model 1) led to statistically significant 
increase in R² of 0.10, F(1,88) = 10.38, p =.002. Moreover, the addition of 
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the MET value (Model 2) was statistically significant (R² of 0.18, F(1,87) 
= 8.57, p =.004). Also, the addition of age (Model 3) was statistically sig-
nificant (R² of 0.23, F(1,86) = 5.90, p =.017). For the model parameters 
(Model 3), percentage body fat, MET, and age were statistically significant. 
This value indicates that as aging increases by one unit, HRR decreases by 
0.39 units. As percentage body fat increases by one unit, HRR decreases 
by 0.50 units. However, as MET increases by one unit, HRR increases 
by 0.61 units. This interpretation is true only if the effects of variables 
introduced in the multiple regression are held constant. The addition of 
interaction between age and MET (R² of 0.23, F (1,85) = 0.04, p =.826), 
interaction between age and percent body fat (R² of 0.25, F(1,84) = 1.33, 
p =.252), and interaction between MET and percent body fat (R² of 0.25, 
F(1,83) = 0.45, p =.502) did not lead to a statistically significant increase 
in R² (data not shown) (Table 3)

Table 3. Hierarchical multiple regression predicting 1 minute HRR from percent body fat, BMI, 
and age. 

1 minute HRR

Model 1 Model 2 Model 3

Variable B‡ Β† 95% CI for B B‡ Β† 95% CI for B B‡ Β† 95% CI for B

Constant 42.21* 24.37* 58.73*

Percent body fat - 0.50* - 0.32 - 0.81 - - 0.19 - 0.37* - 0.24 - 0.69 - - 0.06 - 0.50* - 0.32 - 0.82 - - 0.18

MET 0.78* 0.29 2.52 – 1.31 0.61* 0.23 0.07 – 1.15

Age - 0.39* - 0.24 - 0.71 - - 0.07

R² 0.10* 0.18* 0.23*

F 10.38* 9.92* 8.96*

ΔR² 0.10 0.08 0.05

ΔF 10.38 8.57 5.90

N = 88. * P < 0.05, ‡ = unstandardized beta, † = standardized beta, HHR = heart rate recovery.

DISCUSSION

The main findings from our analyses confirmed the hypothesis that older 
adults who were classified in the HPBF group demonstrated a lower peak 
HR during an exercise stress test and an impaired HRR 1-minute and 
2-minutes after exercise. 

During aging the cardiovascular system deteriorates as indicated by a 
reduced maximal HR, ejection fraction, and maximal cardiac output during 
exercise28. Reductions in β-adrenergic stimulated chronotropic response 
largely explain the decrease in maximal HR with aging28 and contrib-
ute to an attenuated left ventricular contractile response to exercise28,29,. 
Moreover, a lower synaptic concentration of norepinephrine, diminished 
levels of circulating epinephrine, and impaired beta-adrenergic receptor 
or post-receptor responsiveness might also explain an impaired HR re-
sponse to exercise, as seen in the current study wherein the HPBF group 
had inferior treadmill exercise time versus the LPBF group2129. Although 
with aging, heart rate is more accelerated after exercise due to the slow 
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withdrawal of norepinephrine in the bloodstream, there is evidence that, 
shortly after physical exercise, vagal modulation is primarily responsible 
for the drop in HR, especially in the first 30 seconds after exercise26.

In obese subjects, the activity of renin-angiotensin complex and sym-
pathetic nervous systems are also increased during a standardized treadmill 
protocol when compared to lean subjects, despite hypertension status3. This 
evidence may support the theory that a high percentage body fat might 
potentiate abnormal chronotropic response and lower peak HR in the 
group with more adiposity by the attenuated neurohormonal response to 
exercise. Thus, this different neurohormonal response might help to explain 
the disparity in their cardiovascular response (e.g. inferior chronotropic 
index and higher percentage chronotropic incompetence) between HPBF 
and LPBF subjects. 

Regarding the impaired HRR after exercise, it could be inferred that 
the HPBF group experienced delayed sympathetic nervous system with-
drawal compared with the LPFB group. In addition, a later stage para-
sympathetic reactivation might be prolonged in the HPBF group, which 
contributed to impaired HRR following 1-minute and 2-minutes after 
the treadmill exercise stress test. Although reasonable, these autonomic 
responses to exercise are only speculated because these measurements were 
not assessed in the present study.

Another hypothesis for the differences between groups is the existence of a 
work load dependence of heart rate decay. Heart rate at the end of the exercise 
is increased with increasing work load26. As we know, chemosensitive muscle 
afferents in exercising legs are important in the regulation of autonomic nerve 
activities during exercise. Thus, after cessation of exercise, metabolites might 
persist stimulating the muscle afferents in exercising legs and attenuate vagal 
reactivation26, while this must be confirmed in future studies. 

Moreover, all-cause mortality is likely to be affected by this higher pro-
portion of chronotropic incompetence, chronotropic index, and attenuated 
exercise HR response in the HPBF group. In addition, Lauer et al.23 demon-
strated that subjects who failed to reach 85% of their age-predicted maximum 
HR and who had a low chronotropic index had higher death rates23.

In this study, after adjusting for covariates using hierarchical multiple 
regression percentage body fat, MET, and age were negative determinants 
of 1-minute HRR. The results are in line with three previous studies10,13, 
that a higher percentage body fat and age were associated with an impaired 
HRR. Moreover, a higher maximal MET level was associated with a 
better HRR following 1-minute post treadmill exercise testing. Thus, a 
better cardiorespiratory fitness is associated with a lower risk of all-cause 
mortality, reduced risk for coronary heart disease, and all-cause mortality 
in women than BMI30.

For the cardiorespiratory fitness (METs) calculated for treadmill ex-
ercise, it was verified that the HPBF group presented lower performance 
than the LPBF group. Furthermore, it is important to mention that better 
cardiorespiratory fitness is associated with a lower risk of all-cause mortal-
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ity, reduced risk for coronary heart disease, and is a stronger risk factor of 
all-cause mortality in women30.

The present study had some limitations that should be considered, such 
as the lack of a direct measure of autonomic tone and heart rate variability. 
Thus, the hypothesis that an autonomic imbalance is the main determinant 
of HR behaviour warrants further investigation. Moreover, the convenience 
sampling used in this study indicates that subjects from this study were 
not specifically representative of the Brazilian population, as they were 
recruited on a voluntary basis from the local community.

It is relevant to mention that, although no differences between groups 
were found for the use of medications, the sample used in this study do 
not offer enough statistical power to detect these differences. Some medi-
cations, such as nondihydropyridine calciun-channel, and beta blockers 
might blunt heart rate recovery following exercise22.

CONCLUSION

In conclusion, older women classified with higher percentage body fat 
presented a lower chronotropic index, lower peak HR, and an impaired 
HRR after exercise. Overall, these findings emphasize that body fat may 
be used to specify exercise prescription for older women who are also obese. 
On the other hand, HRR active or passive is closely linked to vagal tone 
modulation. As mentioned, the parasympathetic activity is considered as 
a cardiovascular protection factor and a dysfunction in the cardiac vagal 
tone, therefore, increases the risk of cardiovascular death26. Thus, the RFC 
is a very important measure that should have special attention and can be 
part of the clinical and / or physical evaluation of subjects, such as the 
obese elderly population. Although the percentage body fat evaluated by 
DEXA does not represent a practical tool for the assessment of an impaired 
HRR after exercise in routine clinical practice. We encourage researchers 
to verify another simple and low cost variable for the same goal.
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