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OBJECTIVE: The purpose of this study was to compare the heart rate response to exercise and the exercise-induced
improvements in muscle strength, cardiorespiratory fitness and heart rate response between normal-weight and
overweight/obese postmenopausal women.

METHODS: Sedentary women (n = 155) were divided into normal-weight (n = 79; BMI ,25 kg/m2; 58.3¡8.6 years)
and overweight/obese (n = 76; BMI $25 kg/m2; 58.3¡8.6 years) groups, and have their 1-repetition maximum
strength (adjusted for body mass), cardiorespiratory fitness and heart rate response to a graded exercise test
compared before and after 12 months of a three times-per-week exercise-training program.

RESULTS: Overweight/obese women displayed decreased upper and lower extremity muscle strengths, decreased
cardiorespiratory fitness, and lower peak and reserve heart rates compared to normal-weight women. After follow-
up, both groups improved their upper (32.9% and 41.5% in normal-weight and overweight/obese women,
respectively) and lower extremity(49.5% and 47.8% in normal-weight and overweight/obese women, respectively)
muscle strength. However, only normal-weight women improved their cardiorespiratory fitness (6.6%) and recovery
heart rate (5 bpm). Resting, reserve and peak heart rates did not change in either group.

CONCLUSIONS: Overweight/obese women displayed impaired heart rate response to exercise. Both groups
improved muscle strength, but only normal-weight women improved cardiorespiratory fitness and heart rate
response to exercise. These results suggest that exercise-induced improvements in cardiorespiratory fitness and
heart rate response to exercise may be impaired in overweight/obese postmenopausal women.
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INTRODUCTION

Obesity is an increasingly prevalent health problem in
developed and developing countries and poses a significant
challenge to both individual and public health.1,2 Obesity is
strongly linked to a higher risk for cardiovascular disease,
diabetes, several cancers, and other chronic conditions.3,4

Poor cardiorespiratory fitness (CRF) and muscle strength
and abnormalities in the autonomic nervous system (ANS)
are important predictive factors of morbidity and mortality
associated with obesity.5-9 ANS alterations are indicated by
decreased baroreflex sensitivity9-11 and lower heart rate (HR)
variability8,11 in obese subjects compared with normal-weight
individuals. The standard graded exercise test (GXT) is an

easy and inexpensive tool that provides a wealth of
information on the interactions between the ANS and the
cardiovascular system at various phases of rest, exercise and
recovery.12-14 Moreover, the HR response to a GXT is a
powerful predictor for cardiovascular mortality and morbid-
ity.12,13 However, there is little information regarding the HR
response to GXT in overweight and obese subjects, especially
in postmenopausal women.

Physical exercise is a key strategy in the management of
obesity. Numerous health-related benefits have been
observed in overweight and obese people who participate
in exercise training programs, even in those without
significant weight loss.15,16 For example, CRF improves in
overweight and obese subjects following exercise training
programs.17-19 However, changes in skeletal muscle structure
have been observed in overweight and obese individuals
compared to normal-weight subjects, which may contribute
to reduced CRF and muscle strength improvements in
response to exercise training in overweight/obese subjects.
These differences include a lower percentage of type I muscle
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fibers,20 impaired muscle oxidative capacity19,20 and micro-
vascular function,21 inability to increase fat oxidation during
b-adrenergic stimulation and exercise,22 and increased
intramuscular lipid storage.20,22 In addition, excess adipose
tissue releases a variety of neurohormones and cytokines that
blunt insulin-stimulated glucose uptake by muscle.20 In line
with these alterations, overweight and obese individuals
have a lower tolerance to high-intensity exercise23 and higher
perceived exertion at a given exercise intensity,24 and they
are more willing to participate in exercise for longer
durations at a lower exercise intensity than normal-weight
individuals.25 Moreover, studies comparing the mus-
cle strength response to exercise between overweight/obese
and normal-weight individuals have shown discrepant
results.26-29

The obesity-related abnormalities of the ANS9-11 could
also contribute to an impaired exercise-induced adaptation
of the HR response to GXT in overweight and obese
subjects. However, little is known regarding exercise-
induced adaptations in the CRF and HR responses to GTX
in overweight and obese subjects. Therefore, the aims of the
present study were the following: (1) to compare the HR
response to GXT between normal-weight and overweight/
obese postmenopausal women and (2) to compare the
effects of exercise training on the CRF and HR responses to
GXT and muscle strength between normal-weight and
overweight/obese postmenopausal women.

METHODS

Population
The study population consisted of non-smoking, physi-

cally inactive, postmenopausal women, aged 45 to 69 years.
Participants were referred for pre-participation physical
exercise screening, and they underwent GXT and 1-
repetition maximum strength (1-RM) test between August
1, 2004 and August 31, 2008 before participating in the
Cardiovascular and Muscular Fitness Program at the
Laboratory of Kinesiology at the Institute of Orthopedics
and Traumatology, Medical School, University of Sao Paulo.
A structured history, medical record review and physical
evaluation were performed before the exercise testing to
document symptoms, history of chronic diseases, current
medication, cardiac risk factors, and cardiac events and
procedures. All women with musculoskeletal limitations to
physical exercise, uncontrolled cardiovascular or metabolic
disease, insulin-dependent diabetes, chronic psychological
disorders, cardiac disease or the use of any drug that could
potentially influence muscular or cardiovascular response to
exercise were excluded from the study. Women who did not
complete at least 75% of the exercise sessions were excluded
from the final analyses (Figure 1). The ethics committee at the
Institute of Orthopedics and Traumatology, Medical School,
University of Sao Paulo approved all procedures, and the
study participants read a detailed description of the protocol
and provided written informed consent.

Graded Exercise Test (GXT)
The subjects performed a maximal, symptom-limited

treadmill test using a Heck-modified protocol at controlled
room temperature (20-23 C̊) before and after 12 months of
follow-up. The test consisted of 1 minute of rest standing;
1 minute each of warm-up at 2.4, 3.6 and 4.8 km/h; increases
of 1.2 km/h every 1.5 minutes until volitional fatigue in the

absence of symptoms or other indicators of ischemia30;
2 minutes of recovery at 2.4 km/h; and 1 minute of recovery
standing. GXT intensity was measured in metabolic equiva-
lents (METs) estimated from treadmill speed and grade using
a standardized equation.31 Cardiac rhythm was continuously
monitored by electrocardiogram in 12 derivations and
recorded for 10 seconds at the end of rest, end of each
warm-up and exercise stage, and at the end of each minute of
recovery phase. Arterial blood pressure (BP) was measured
at the end of rest, the end of each exercise stage and at the end
of each minute of recovery phase. Indirect arm-cuff sphyg-
momanometry was to determine BP. Medications were not
changed or stopped before testing. Subjects were told to
avoid caffeine and alcoholic beverages for 24 hours and to
have a light meal up to 2 hours before the GXT. Age-
predicted maximal HR was determined using a standardized
equation.32 Reserve HR (HRRESERVE) was defined as the
difference between HR at the end of the GXT (HRPEAK) and
the resting HR (HRRESTING). Recovery HR (HRRECOVERY) was
defined as the difference between HRPEAK and the HR at the
end of first minute of recovery phase.

Strength Test
To determine muscle strength and initial workload for each

resistance exercise, the 1-repetition maximum 1-RM test was
performed after four familiarization bouts and 2-5 days after
the last exercise session as previously described.33,34 In brief,
the 1-RM test was performed in bench press, leg press, seated
row, knee extension, shoulder press, knee curl, biceps curl,
calf raise, triceps push-down and abdominal exercises using
the same weight-lifting machines and free-weight dumbbells
that were used for training (Multiflex�, Biodelta Inc, Brazil).
Tests were conducted following the exercise order described
above (after proper warm-up). The 1-RM workload was
defined as the maximum weight that could be moved once
through the full range of motion with proper form and
without performing the Valsalva maneuver. All tests were
conducted by the same investigator before and after the
exercise-training period. The muscle strength data were
normalized for body mass with the allometric method
(strength [kg] x body mass [kg]20.67)35. The sum of the

Figure 1 - Flow diagram of the study design.
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normalized upper extremity (bench press, seated row,
shoulder press, biceps curl, triceps push-down and abdom-
inal) and lower extremity (leg press, knee extension, knee
curl, and calf raise) data were used for between-group
comparisons. The intraclass correlation for the 1-RM test-
retest measures was 0.983 (95% confidence interval = 0.964-
0.997).

Exercise Training Program
The exercise training program consisted of supervised and

unsupervised exercise sessions. The unsupervised exercise
sessions were held once per week and consisted of 40 minutes
of walking at an intensity between 11 and 14 on the perceived
exertion scale.36 The supervised exercise sessions, which
were monitored by an exercise specialist, were conducted
twice per week and consisted of aerobic, resistance and
stretching exercises. Aerobic exercise was performed at the
beginning of each exercise session and consisted of 20 min-
utes on a cycle ergometer or walking at 60-75% of the
HRRESERVE heart rate.37 Resistance exercises consisted of 2-3
sets of 8-12 repetitions each at 60-80% of the 1-RM, with all of
the exercises described in the 1-RM test being performed.
Participants stretched at the end of each session by reaching
and sustaining the maximum range of motion for 20 seconds
in 10 exercises designed to target the major muscle groups.
To promote a sufficient workload and maintain improve-
ments throughout the 12 months of training, the aerobic and
resistance exercise intensities were increased by 5% and
1-5 kg (5-10%), respectively, whenever an adaptation
occurred. Aerobic exercise adaptation was defined as an
exercise HR lower than 70% of the subject’s reserve HR for
one exercise session. Resistance exercise adaptation was
defined as when 2 sets of 12 repetitions were performed with
proper form and the Valsalva maneuver was avoided for two
consecutive exercise sessions.

Statistical Methods
All data (reported as mean ¡ standard deviation) were

analyzed with subjects divided into the normal-weight (BMI
,25 kg/m2) or overweight/obese (BMI $25 kg/m2) groups.
Because several studies have suggested that other metabolic
abnormalities such as high hemoglobin A1c levels and
fasting hyperglycemia may be associated with ANS
abnormalities rather than with obesity,38,39 the subjects
were further divided into subgroups according to the
presence of comorbidities (insulin resistance, diabetes,
arterial hypertension, or dyslipidemia).

The SPSS 12.0 statistical program for Windows (SPSS Inc.,
Chicago, IL, USA) was used for statistical analyses. The
Kolmogorov-Smirnov test was applied to ensure a Gaussian
distribution of the data. Student’s t tests for unpaired
variables and Kruskal-Wallis tests were used to determine
differences between groups for parametric and nonpara-
metric data, respectively. When the subjects were subdivided
according the presence of comorbidities, the between-group
differences were determined by a one-way analysis of
variance (ANOVA), and the post-hoc Bonferroni’s test was
used to identify significant differences indicated by the
ANOVA tests. A two-way ANOVA with repeated measure-
ments (group vs. time) was used to indicate inter- and
intra-group differences in the studied variables. A Bonferroni
post-hoc analysis was used to determine significant differ-
ences that were determined by the two-way ANOVA.
Statistical significance was set at P,0.05.

RESULTS

A total of 155 postmenopausal women (76 of whom were
overweight or obese) were included in the study. The
prevalence of comorbidities, such as hypertension, diabetes
mellitus and dyslipidemia, and the use of medications to
treat these conditions were greater in overweight/obese
women compared to normal-weight women (Table 1).
Baseline data for the GXT and 1-RM tests are displayed in
Table 2. Overweight/obese women also displayed lower
CRF (211.1% and 210.0% for METs and exercise time,
respectively; P,0.01) and muscle strength (212.9% and
213.7% for upper and lower extremities, respectively;
P,0.001) compared to normal-weight women. Resting,
recovery and absolute reserve HRs were not significantly
different between groups; however, overweight/obese
women displayed lower absolute and relative (% of
predicted) HRPEAK values and lower relative HRRESERVE

values than normal-weight women (P,0.05). Overweight/
obese women also displayed higher resting, peak and
recovery systolic and diastolic BPs than normal-weight
women (P,0.05). Women subdivided into groups based on
the presence or absence of comorbidities showed the same
pattern as observed in the entire population (Table 3).

Although 155 women were included in the study, only 84
(39 of whom were overweight or obese) completed at least
75% of the exercise sessions and were included in the final
analyses. No baseline differences were observed in muscle
strength, CRF or HR response to exercise between subjects
with or without comorbidities in the same BMI group.
Therefore, the effects of exercise training on these variables
were analyzed on the subjects with or without comorbidities
in a single BMI group (normal-weight or overweight/
obese). There were no statistical differences between women
who completed or women who did not complete the study
at baseline. Neither BMI nor waist circumference were
different after 12 months of follow-up in the normal-weight
(BMI = 22.3¡1.6 vs. 22.1¡1.6, P = 0.269; waist circumference
= 80.9¡7.6 vs. 78.7¡7.6, P = 0.104) or overweight/obese

Table 1 - Demographic and clinical characteristics of the
study population.

Characteristics

Normal-weight

(n = 79)

Overweight/

Obese (n = 76) P

Age, year 50.3¡8.6 50.6¡9.1 0.83

Height, cm 159¡7 159¡6 0.78

Weight, kg 56.8¡6.2 74.4¡11.7 ,0.001

BMI 22.5¡1.6 29.3¡3.5 ,0.001

Waist circumference, cm 81.3¡6.4 97.2¡10.5 ,0.001

Systolic BP, mmHg 107.1¡13.6 116.1¡18.3 0.004

Diastolic BP, mmHg 68.0¡9.1 75.3¡18.3 ,0.001

Hypertension, n (%) 11 (14.3) 24 (31.6) ,0.001

Diabetes, n (%) 2 (2.5) 10 (13.2) 0.03

Dyslipidemia, n (%) 5 (6.5) 11 (14.5) 0.04

Hormone Replacement

Therapy, n (%)

2 (2.5) 2 (2.6) 0.97

Current Medication

CCB, n (%) 3 (3.9) 2 (2.6) 0.75

ACE-I, n (%) 6 (7.8) 13 (17.1) 0.02

Diuretics, n (%) 7 (9.1) 17 (22.4) 0.009

Metformin, n (%) 2 (2.5) 10 (13,2) 0.01

Statins, n (%) 5 (6.5) 11 (14.5) 0.03

CCB, calcium channel blocker; ACE-I, angiotensin-converting enzyme

inhibitor. BMI, body mass index.
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(BMI = 29.2¡3.0 vs. 29¡2.9, P = 0.419; waist circumference
= 97.4¡10.6 vs. 95.8¡9.3, P = 0.44) groups.

Data from the GXT and 1-RM tests of the women
completing the exercise training program before and after
the 12-month follow-up are presented in Table 4.
Both groups improved upper (39.4%) and lower (49.6%)

extremity muscle strengths similarly after exercise training
(P,0.001). However, only the normal-weight women
improved CRF significantly (METs = 6.6¡2.2%; exercise
time = 9.8¡3.8%; P,0.05). Absolute and relative HRPEAK

and HRRESERVE values did not change significantly in either
group after exercise training; however, HRRECOVERY

improved (14.1%) in the normal-weight (P,0.05) group
but not in the overweight/obese group. Both groups
displayed lower HRRESTING values, and the overweight/
obese women had lower resting and peak BPs in response to
GXT, but these reductions were not statistically significant.

DISCUSSION

The management of cardiorespiratory function in over-
weight/obese women is one of the challenges facing the 21st

century.40 Our study found that overweight/obese post-
menopausal women display an impaired HR response to
exercise and an impairment in the exercise-induced
improvement in CRF and HRRECOVERY compared to
normal-weight women. However, no differences were
observed between the groups for exercise-induced improve-
ments in upper and lower extremity muscle strengths.

Muscle strength and CRF are reduced in overweight/obese
individuals compared with those of a normal weight.5-7 In this
study, the reduced baseline CRF (12%) and upper (9.4%) and
lower (9.8%) extremity strengths observed in overweight/
obese than normal-weight postmenopausal women are in
agreement with previous studies. Skeletal muscle differences,
such as a lower percentage of type I muscle fibers,20 impaired
muscle oxidative capacity19,20 and microvascular function,21

inability to increase fat oxidation during b-adrenergic
stimulation and exercise,22 and increased intramuscular lipid
storage20,22, have been postulated to impair CRF and muscle
strength in overweight/obese subjects. However, it was not
known whether the cardiovascular and skeletal muscle

Table 2 - Baseline muscle strength, cardiorespiratory
fitness, heart rate and blood pressure response to
exercise.

Characteristics

Normal-weight

(n = 79)

Overweight/

Obese (n = 76) P

1- RM Test N

Upper extremity,

kg?kg20.67
9.40¡1.61 8.21¡1.84 ,0.001

Lower extremity,

kg?kg20.67
10.26 ¡ 2.31 8.85¡2.13 ,0.001

GXT

Exercise capacity, METs 9.88¡1.86 8.79¡1.34 0.007

Exercise time, min 9.51¡1.36 8.55¡1.42 ,0.001

HRRESTING, bpm 85.0¡11.9 84.0¡12.7 0.439

HRPEAK, bpm 180.8¡9.3 172.0¡14.2 0.022

% of predicted HRPEAK 104.6¡4.7 101.2¡5.0 0.012

HRRESERVE, bpm 95.2¡13.8 91.0¡16.5 0.244

% of predicted HRRESERVE 109.7¡9.7 102.3¡11.3 0.011

HRRECOVERY, beats 19.9¡6.9 18.0¡7.5 0.098

Blood Pressure

SBPRESTING, mmHg 108.8¡14.3 118.1¡18.3 0.01

DBPRESTING, mmHg 69.3¡9.1 76.3¡13.8 ,0.001

SBPPEAK, mmHg 149.4¡15.9 159.9¡21.8 0.01

DBPPEAK, mmHg 66.1¡12.1 71.7¡13.5 0.04

SPBRECOVERY, mmHg 136.4¡20.0 147.9¡23.9 ,0.001

DBPRECOVERY, mmHg 66.2¡11.6 71.6¡11.4 0.03

NAdjusted for body mass. SBP, systolic blood pressure; DBP, diastolic blood

pressure. 1-RM, 1-repetition maximum strength ;GXT, graded exercise

test; HR, heart rate; SBP, systolic blood pressure; DBP, diastolic blood

pressure.

Table 3 - Baseline muscle strength, cardiorespiratory fitness, heart rate and blood pressure responses to exercise in
women with or without comorbidities. 1-repetition maximum strength test was adjusted for body mass.

Subjects Without Comorbidities Subjects With Comorbidities

Characteristics

Normal-weight

(n = 65)

Overweight/obese

(n = 45)

Normal-weight

(n = 14)

Overweight/obese

(n = 31)

1- RM Test N

Upper extremity, kg.kg20.67 9.46¡1.44 8.30¡1.53 *** 8.72¡1.93 7.67¡1.81 ***

Lower extremity, kg.kg20.67 10.36¡2.24 9.01¡2.07 *** 9.20¡1.99 8.00¡2.06 ***

GXT

Exercise capacity, METs 9.95¡1.49 9.01¡1.15 ** 9.65¡0.89 8.17¡1.38 **

Exercise time, min 9.68¡1.25 8.71¡1.29 ** 8.81¡1.12 7.77¡1.31 **

HRRESTING, bpm 84.8¡10.3 83.5¡13.3 85.5¡15.5 84.1¡11.0

HRPEAK, bpm 181.0¡9.1 173.3¡5.0 * 176.7¡9.1 170.5¡14.2 *

% of predicted HRPEAK 104.9¡4.6 101.2¡5.3 ** 104.3¡4.4 101.1¡4.5 *

HRRESERVE, bpm 96.8¡12.1 93.7¡17.7 91.5¡13.6 88.4¡15.7 *

% of predicted HRRESERVE 110.0¡9.7 102.6¡10.2 ** 109.3¡13.1 101.9¡12.7 **

HRRECOVERY, beats 20.7¡5.9 17.5¡6.5 17.2¡7.4 19.4¡9.4

Blood Pressure

SBPRESTING, mmHg 106.2¡12.9 113.4¡16.9 ** 113.0¡15.1 a 126.3¡19.4 **a

DBPRESTING, mmHg 67.6¡8.7 72.4¡9.7 ** 72.9¡11.0 a 85.1¡17.1 **a

SBPPEAK, mmHg 147.5¡13.8 154.9¡16.7 ** 150.4¡19.4 a 168.5¡20.3 **a

DBPPEAK, mmHg 63.9¡10.4 67.7¡11.9 ** 70.3¡10.9 a 77.6¡11.3 **a

SPBRECOVERY, mmHg 131.6¡15.3 142.9¡19.6 ** 146.4¡15.4 a 156.1¡19.9 **a

DBPRECOVERY, mmHg 63.6¡8.6 67.0¡9.9 ** 70.1¡9.4 a 77.2¡12.2 **a

Comorbidities were arterial hypertension, type 2 diabetes and dyslipidemia.
N1-repetition maximum strength test was adjusted for body mass. SBP, systolic blood pressure; DBP, diastolic blood pressure. Different from normal-weight

at the same comorbidity group(*P,0.05; **P,0.01; and***P,0.0001). Different from without comorbidities at the same BMI group (aP,0.05).
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systems adapt similarly to exercise training in normal-weight
and overweight/obese subjects.

In the present study, normal-weight and overweight/
obese women displayed similar upper and lower extremity
muscle strength responses to exercise, which are findings
that have been confirmed by several investigators26,27,
though not by all studies.28,29 Discrepancies between the
previous studies may be due to differences in the resistance
training intervention. These discrepancies includes lower
exercise training volume28,29 and intensity28, which may
prevent some adaptations that result from the whole body
resistance training program used in the present study and
others.26,27 In contrast to the similarities in exercise-induced,
muscle-strength adaptations, overweight/obese women
displayed an impaired CRF increase (4.4%, P = 0.52) in
response to exercise compared with normal-weight women
(6.6%, P = 0.049). These data conflict with previous studies
that report a 12-22% increase in CRF in overweight/obese
subjects following an exercise training program18,19; how-
ever, these previous studies did not include a normal-
weight group for comparison. The present study showed
that overweight/obese postmenopausal women attain a
lower exercise-induced CRF increase than normal-weight
postmenopausal women following the same exercise pro-
gram. The increased CRF adaptation observed in previous
studies may be explained by higher exercise intensity18 and
volume18,19 of the training. Similar CRF changes (4.2%) than
the observed in present study were noted in a study using
overweight/obese women following a thrice weekly, 30-
minute, moderate-intensity exercise program.17

In addition, ANS activity is also impaired in overweight/
obese individuals.8-11 To evaluate ANS activity, we used the
GXT, which is an easy and inexpensive tool that provides a
wealth of information regarding the interactions between the
ANS and cardiovascular system at various phases of rest,

exercise and recovery12,13. We found that peak HR (absolute
and relative) and reserve HR (relative), but not resting and
recovery HR, were reduced in overweight/obese women.
These findings are in line with a previous study showing
similar resting and lower peak HRs in overweight/obese
subjects compared to normal-weight individuals.41 In con-
trast, exercise training improved recovery HR (6 bpm;
P = 0.02) in normal-weight women but not in overweight/
obese women. The resting HR was reduced similarly (5 bpm)
in both groups; however, this reduction failed to achieve
significance. These findings conflict with previous studies
that showed exercise training-induced improvements in
baroreflex sensitivity and parasympathetic activity
(increased high-frequency spectral power of HR variability)
following acute exercise11 and improved resting ANS activity
(HR variability) in overweight/obese subjects.10 However,
similar to the studies showing exercise-induced improve-
ments in CRF,18,19 these studies did not include a normal-
weight group for comparison.

In accordance with the present findings, a cross-sectional
study did not show any differences in resting, peak or
recovery HR between sedentary and trained obese subjects
with impaired peak and recovery HR compared to normal-
weight subjects.41 The initial increase in HR during exercise
is caused by a withdrawal of the vagal tone followed by an
increase in sympathetic activation, which further increases
during exercise. Recovery HR is mainly related to an
increase in vagal tone, which occurs immediately after
exercise cessation14. The lack of improvement in the
recovery HR in the overweight/obese group compared to
the normal-weight group in the present study suggests a
blunted exercise-induced improvement in parasympathetic
activity in the overweight/obese postmenopausal women.
The discrepancies in the response of the ANS to exercise
training between previous studies10,11 and the present study

Table 4 - Muscle strength, cardiorespiratory fitness, heart rate and blood pressure responses to exercise before and after
12 months of exercise training.

Normal-weight (n = 45) Overweight/Obese (n = 39)

Characteristics Pre Post Pre Post

1- RM Test N

Upper extremity, kg?kg20.67 9.38¡1.32 12.47¡2.06 { 8.17¡1.62 * 11.56¡1.68 *{

Lower extremity, kg?kg20.67 10.12¡2.76 15.13¡3.06 { 8.73¡2.39 * 12.9¡3.01 *{

GXT

Exercise capacity, METs 10.00¡0.81 10.75¡0.72 { 8.80¡0.92 ** 9.20¡1.21 **

Duration, min 9.48¡1.58 10.41¡1.13 { 8.43¡1.42 ** 9.19¡1.20 **

HRRESTING, bpm 85.0¡17.6 79.8¡11.4 84.9¡11.2 79.6¡9.0

HRPEAK, bpm 177.8¡9.5 176.0¡9.6 172.5¡10.6 * 169.7¡11.8 *

% of predicted HRPEAK 104.2¡4.7 104.4¡6.2 101.4¡6.3 * 99.8¡6.2 *

HRRESERVE, bpm 92.8¡10.6 96.2¡11.8 87.6¡10.8 90.1¡13.1

% of predicted HRRESERVE 109.7¡9.7 108.0¡10.1 102.8¡13.3 * 99.4¡12.4 *

HRRECOVERY, beats 19.9¡6.9 25.7¡7.9 { 17.9¡9.9 20.9¡9.2

Blood Pressure

SBPREST, mmHg 112.6¡19.0 112.5¡22.2 122.8¡22.8 114.7¡15.5

DBPREST, mmHg 70.5¡11.1 71.6¡11.1 79.1¡22.3 73.3¡9.8

SBPPEAK, mmHg 148.3¡17.2 151.9¡18.2 169.8¡20.9 ** 158.9¡16.8

DBPPEAK, mmHg 67.3¡12.1 67.5¡11.1 76.6¡13.9 69.5¡9.7

SPBRECOVERY, mmHg 130.2¡25.5 128.1¡19.3 151.0¡20.5 * 148.6¡17.3 *

DBPRECOVERY, mmHg 71.2¡16.2 67.4¡10.4 73.0¡8.9 69.8¡8.7

N1-repetition maximum strength test was adjusted for body mass. SBP, systolic blood pressure; DBP, diastolic blood pressure. Different from normal-weight

women at the same period (*P,0.05; **P,0.01; and ***P,0.001). Different from pre-exercise in the same group ({p,0.05 and {p,0.001). 1-RM, 1-repetition

maximum strengh; GXT, graded exercise test; HR, heart rate.
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may be due to differences in the methods used to analyze
ANS activity (baroreflex sensitivity and HR variability x HR
response to GXT) and differences in the time that ANS
activity was measured (resting or following a submaximal
exercise x during a GXT).

The reductions in systolic and diastolic BP responses to
exercise were observed only in overweight/obese women,
and these data agree with previous studies in which
exercise-induced BP improvements occurred only in poorly
BP-controlled subjects.42-44 Because of the small population
studied, these BP reductions cannot be dismissed because of
the absence of statistical significance, and they confirm the
positive effects of exercise training on BP control.16,42-45

Impairments in HR increase, chronotropic index, HR
recovery during exercise,12,13 and low CRF6 are strong and
independent predictors of sudden death. Therefore, the
reduced baseline peak and reserve HR (indicators of
chronotropic index) and the blunted exercise-induced
improvements in CRF and recovery HR observed in
overweight/obese postmenopausal women have important
implications.

The present study has several limitations. Because
exercise training is recommended for 5 or more days per
week for obese subjects15 to achieve the greatest improve-
ments in CRF,18,19 the frequency of training performed (3
times per week) in the present study may be a limitation. It
is not known whether the impaired exercise-induced
adaptation in the CRF and HR responses to exercise in
the overweight/obese group would be observed with a
greater volume and/or frequency of training. However, it
is important to emphasize that exercise training of similar
intensity and frequency has been shown to improve several
health and fitness variables.11,17,18,33 In addition, the
exercise protocol was identical for every subject in both
groups. We did not directly measure oxygen consumption
because this is not a component of our routine exercise
stress test. However, the absence of an exercise-induced
increase in CRF (METs) in overweight/obese women was
in line with the absence of an exercise-induced increase in
exercise time during GXT, another important indicator of
CRF.30

In summary, there were no differences in the exercise-
induced muscle strength increases between normal-weight
and overweight/obese postmenopausal women. However,
overweight/obese women displayed an impaired HR
response to exercise, and only normal-weight women
improved CRF and recovery HR after exercise training.
These results suggest that exercise-induced improvements
in CRF and HR response to exercise may be impaired in
overweight/obese postmenopausal women.

REFERENCES

1. James PT, Leach R, Kalamara E, Shayeghi M. The worldwide obesity
epidemic. Obes Res. 2001;9:228S-33S, doi: 10.1038/oby.2001.123.

2. Silventoinen K, Sans S, Tolonen H, Monterde D, Kuulasmaa K, Kesteloot H,
et al. Trends in obesity and energy supply in the WHO MONICA Project.
Int J Obes Relat Metab Disord. 2004;28:710-8, doi: 10.1038/sj.ijo.0802614.

3. National Task Force on the Prevention and Treatment of Obesity.
Overweight, obesity, and health risk. Arch Intern Med. 160:898-904, doi:
10.1001/archinte.160.7.898.

4. Willett WC, Dietz WH, Colditz GA. Guidelines for healthy weight.
N Engl J Med. 1999;341:427-34, doi: 10.1056/NEJM199908053410607.

5. Miyatake N, Takanami S, Kawasaki Y, Fujii M. Relationship between
visceral fat accumulation and physical fitness in Japanese women. Diab
Res Clin Pract. 2004;64:173-9, doi: 10.1016/j.diabres.2003.11.004.

6. Wei M, Kampert JB, Barlow CE, Nichaman MZ, Gibbons LW,
Paffenbarger Jr RS, et al. Relationship between low cardiorespiratory

fitness and mortality in normal-weight, overweight, and obese men.
JAMA. 1999;282:1547-53, doi: 10.1001/jama.282.16.1547.

7. Hulens M, Vansant G, Lysens R, Claessens AL, Muls E, Brumagne S.
Study of differences in peripheral muscle strength of lean versus obese
women: an allometric approach. Int J Obes. 2001;25:676-81, doi: 10.1038/
sj.ijo.0801560.

8. Grassi G, Dell’Oro R, Facchini A, Quarti Trevano F, Bolla GB, Mancia G.
Effect of central and peripheral body fat distribution on sympathetic and
baroreflex function in obese normotensives. J Hypertens. 2004;22:2363-9,
doi: 10.1097/00004872-200412000-00019.

9. Piccirillo G, Vetta F, Viola E, Santagada E, Ronzoni S, Cacciafesta M, et al.
Heart rate and blood pressure variability in obese normotensive subjects.
Int J Obes Relat Metab Disord. 1998;22:741-50, doi: 10.1038/sj.ijo.0800650.

10. Amano M, Kanda T, Ue H, Moritani T. Exercise training and autonomic
nervous system activity in obese individuals. Med Sci Sports Exerc.
2001;33:1287-91, doi: 10.1097/00005768-200105001-00111.

11. Figueroa A, Baynard T, Fernhall B, Carhart R, Kanaley JA. Endurance
training improves post-exercise cardiac autonomic modulation in obese
women with and without type 2 diabetes. Eur J Appl Physiol.
2007;100:437-44, doi: 10.1007/s00421-007-0446-3.

12. Jouven X, Empana JP, Schwartz P, Desnos M, Courbon D, Ducimetiere P.
Heart-rate profile during exercise as a predictor of sudden death.
N Engl J Med. 2005;352:1951-8, doi: 10.1056/NEJMoa043012.

13. Savonen KP, Lakka TA, Laukkanen JA, Halonen PM, Rauramaa TH,
Salonen JT, et al. Heart rate response during exercise test and
cardiovascular mortality in middle-aged men. Eur Heart J. 2006;27:582-
8, doi: 10.1093/eurheartj/ehi708.

14. Imai K, Sato H, Hori M, Kusuoka H, Ozaki H, Yokoyama H, et al.
Vagally mediated heart rate recovery after exercise is accelerated in
athletes but blunted in patients with chronic heart failure. J Am Coll
Cardiol. 1994;24:1529-35, doi: 10.1016/0735-1097(94)90150-3.

15. American College of Sports Medicine. American College of Sports
Medicine Position Stand on the Appropriate physical activity interven-
tion strategies for weight loss and prevention of weight regain for adults.
Med Sci Sports Exerc. 2009;41:459-71.
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