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Abstract
Background—Exercise training reduces adiposity and risk of cardiovascular disease. However,
the combined effects of habitual free-living physical activity and aerobic training on waist
circumference, weight, fitness, and blood pressure in postmenopausal women are unknown.

Purpose—To evaluate the effects of habitual physical activity levels during aerobic training on
weight, waist circumference, fitness, and blood pressure.

Design—Secondary analysis of an RCT. Original data collected April 2001 to June 2005 and
analyzed in 2012.

Setting/participants—Postmenopausal women in a supervised exercise trial.

Intervention—Women (n=325) were randomized to 4, 8, or 12 kcal per kg per week of aerobic
training or a control group for 6 months. All outcome measures were collected at baseline and
follow-up. Changes in dependent variables within each training group were evaluated across
tertiles of pedometer-determined habitual physical activity outside exercise training sessions.

Main outcome measures—Changes in waist circumference and weight.

Results—Reductions in waist circumference were significantly greater with higher steps/day
accumulated outside exercise training compared to lower levels in the 4 (high: −4.8 cm vs low:
−1.4 cm, p=0.03); 8 (high: −4.2 cm vs low: −0.4 cm, p=0.03), and 12 kcal per kg per week groups
(high: −4.1 cm vs low: −0.7 cm, p=0.05). For all groups, p-trend < 0.03). A trend was observed for
greater weight reduction with higher steps/day in the 4 kcal per kg per week group (p-trend=
0.04), but not for the other exercise doses. No effects were observed for blood pressure or fitness
measures (all p>0.05).
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Conclusions—In postmenopausal women, higher habitual physical activity while participating
in aerobic training was associated with greater reductions in central adiposity, and was supportive
of weight loss compared to lower levels.

Introduction
Public health guidelines recommend that adults obtain 150 minutes of moderate-to-vigorous
physical activity per week to reduce risk of cardiovascular disease (CVD) and type 2
diabetes.1,2 Adopting aerobic training3-5 or increasing free-living habitual physical
activity6-9 has the potential to improve health. However, whether habitual physical activity
levels can augment the effects of aerobic training has not been evaluated or quantified.

High habitual physical activity combined with aerobic training could increase total daily
energy expenditure and further promote a negative energy balance,10 which could enhance
the cardio-metabolic benefits of aerobic training. This relationship has public health
implications as it is important to understand the extent to which leading an inactive lifestyle
while doing exercise training limits these adaptations, or conversely, if a more active
lifestyle while training promotes greater improvements. Further, the clinical implications
may be particularly important for postmenopausal women who have lower energy
expenditure,11 and higher risk for developing CVD12 compared to premenopausal women.

The Dose Response to Exercise in Women (DREW) trial evaluated the effects of aerobic
training at 50% below, 50% above, and at a dose congruent with public health guidelines.13

Habitual physical activity (steps/day) in DREW was measured by pedometers, which were
removed during aerobic training. The purpose of this analysis was to determine the effect of
habitual physical activity level in combination with aerobic training on adiposity, fitness,
and blood pressure.

Methods
Design and Participants

The methodology13 and primary outcomes3 of DREW are published. DREW was an RCT
evaluating the dose-response of aerobic training with increasingly higher doses of energy
expenditure on cardiorespiratory fitness in sedentary postmenopausal women. The research
protocol was reviewed and approved annually by the Cooper Institute IRB and subsequently
approved by Pennington Biomedical Research Center for continued analysis. Written
informed consent was obtained from all participants prior to screening. Data were collected
from April 2001 to June 2005, and this secondary analysis was conducted in 2012.
Participants were overweight or obese, sedentary women, and with elevated systolic blood
pressure. Important exclusion criteria included CVD, conditions contraindicated for exercise
training, elevated low-density lipoprotein (>3.36 mmol/L), or substantial weight loss in the
previous year.13 There was no racial bias in the selection of participants.

This secondary analysis was based on a subset (n=325) of the DREW study, as women were
excluded who: did not complete the trial (n=40); had ≤75% adherence to the exercise
training program (n=10); did not have step-counter data for at least 5 of the 6 months of the
exercise intervention (n=74); or displayed extreme (i.e., outlying) change in habitual steps/
day over the course of the study (more than ±4,000 steps from baseline; n=15). There were
no differences in relevant baseline factors between excluded and retained participants. In
this secondary analysis, data were available for 72 participants from the control group, and
for 106, 72, and 75 participants from the 4, 8, and 12 kcal per kg per week groups,
respectively. The larger sample size in the 4 kcal per kg per week group reflects a design
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feature of DREW to increase the statistical power due to smaller anticipated changes
compared to the 8 and 12 kcal per kg per week groups following exercise training

Fitness Testing
Testing was performed using a Lode Excalibur Sport electronically-braked cycle ergometer.
Participants cycled at 30 watts (W) for 2 minutes, then 50 W for 4 minutes, followed by
increases of 20 W every 2 minutes until they could no longer maintain a pedal cadence of 50
revolutions per minute. Respiratory gases were measured using a Parvomedics Truemax
2400 Metabolic Measurement Cart. Details have been previously published.13

Resting Blood Pressure
Resting blood pressure was evaluated with the participant in the supine position. Four blood
pressure measurements were taken 2 minutes apart using a Colin STBP-780 automated BP
unit.

Anthropometric Measures
Height was measured with a standard stadiometer. Weight was measured on an electronic
scale. Waist circumference was measured following the guidelines of the Airlie
Conference.14 BMI was determined by standard calculation.

Exercise Training
The exercise groups participated in three to four sessions each week for 6 months at a heart
rate associated with 50% of each woman’s peak VO2. All participants were asked to
maintain habitual physical activity levels during the study. During the first week, all groups
expended 4 kcal perkg body weight per week. Participants assigned to the 4 kcal per kg per
week group remained at that dose for the entire 6 months. All the other groups increased
their energy expenditure by 1 kcal per kg body weight per week until they reached their
assigned exercise dose.

Participants were weighed each week and their weight was multiplied by their assigned
exercise dose to determine the number of calories to be expended for the week. Women in
the exercise groups alternated training sessions on semi-recumbent cycle ergometers and
treadmills. The exercise groups in DREW had an adherence of 99.5% of the target 6-month
caloric expenditure.

Step Counter Data
Baseline average steps/day were measured with an Accusplit Eagle AE1620 pedometer over
the course of 1 week prior to randomization.13 All participants, regardless of group
assignment, wore pedometers during the entire intervention. Participants were instructed to
wear pedometers during waking hours except while sleeping and bathing. The average steps/
day represented their non-exercise habitual physical activity throughout the intervention.
Change in steps from baseline was calculated as the average steps/day performed during the
intervention (Month 1 through Month 6) subtracted from baseline.

Pedometers were removed during aerobic training sessions. Pedometer data were obtained
from participants in the exercise groups at training sessions. Women in the control group
mailed pedometer logs to study personnel. As mentioned previously, only participants with
complete step counter data for at least 5 of 6 months of the exercise intervention were
included in this analysis.
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Statistical Procedure
Analyses were performed using SAS 9.3. Descriptive data were summarized as M (SD) or
frequencies and percentages as appropriate. A one-way ANOVA was performed to evaluate
baseline differences across randomization groups for continuous variables. A chi-squared
test was used to test for baseline differences in categoric variables.

The total study sample was divided into tertiles based on average steps/day accumulated
outside of aerobic training (baseline through follow-up Month 6). The control group was
coded as a single group since these women did not receive any aerobic training intervention.
An ANCOVA was performed to evaluate changes in adiposity and CVD risk factors across
tertiles of steps/day with baseline value, age, and change in steps/day from baseline included
as covariates. Results for each group are summarized as adjusted least-square means with
95% CIs. Multiple linear regression models were used to evaluate the association between
habitual physical activity and anthropometric/CVD risk factors at a given dose of exercise.
Trend analysis did not include the non-exercise control group as the goal of this particular
analysis was to determine the effect of exercise training at various levels of habitual physical
activity.

Last, an evaluation was made of the effect of habitual physical activity independent of the
amount of exercise training on anthropometric, fitness and blood pressure variables. An
ANCOVA was used with exercise dose, change in habitual steps/day and age in the model
as covariates in exercisers only (n=253). Multiple linear regression analysis was performed
to determine the trend across tertiles of habitual steps/day for the change in anthropometric
and CVD risk factors following the 6-month intervention. For all analyses, a p-value <0.05
was used to reject the null hypothesis.

Results
Baseline characteristics are shown in Table 1. The women were approximately 66%
Caucasian, and had M (SD) age of 57.3 years (6.2); and mean (SD) BMI of 32.1 (5.5). Study
participants averaged 4943.8 (1751.4) steps/day at baseline, and 5456.1 (1751.4) steps/day
during the 6-month intervention. No baseline differences were observed in subject
characteristics among randomization groups.

Baseline Characteristics Within Tertiles of Habitual Steps/Day
Mean baseline characteristics across tertiles of habitual steps/day accumulated outside of
aerobic training are shown in Table 2. Trends were observed for higher baseline steps/day
and greater change in steps/day across tertiles of habitual steps/day (p-trend <0.001).
Participants in the highest tertile were younger, more fit, and had a lower BMI compared to
women in the lowest tertile (p-trend<0.05).

Changes in Anthropometric, Fitness, and Blood Pressure Measures Following Intervention
Across Tertiles of Habitual Steps/Day Accumulated Outside of Exercise Training

Changes in waist circumference, weight, relative fitness, and systolic blood pressure
following structured exercise training across tertiles of habitual steps/day are shown in
Appendix A (available online at www.ajpmonline.org). In the 4 kcal per kg per week group,
waist circumference was reduced in the highest tertile of habitual steps/day compared to the
lowest tertile (−4.8 cm [95% CI=−7.0, −2.6] vs. −1.5 cm [95% CI= −3.4, 0.4), p =0.03). In
the 8 kcal per kg per week group, waist circumference was reduced in the highest tertile
compared to the lowest tertile (−4.2 cm, [95% CI= −6.7, −1.8] vs. −0.4 cm [95% CI= −2.8,
2.0], p= 0.03). In the 12 kcal per kg per week group, waist circumference was reduced in the
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highest tertile and in the lowest tertile (−4.1 cm [95% CI= −6.4. −1.8] vs. −0.7 cm [95% CI=
−3.2, 1.8], p= 0.05).

A main effect was observed for the change in waist circumference with tertile of habitual
steps/day (p=0.002). However, there was no interaction between exercise training dose and
habitual steps/day tertile (p=0.83). Analysis for trend revealed a greater reduction in waist
circumference with higher amounts of habitual steps/day in the 4 (p-trend= 0.02); 8, (p-
trend=0.03); and 12 kcal per kg per week (p-trend=0.03) groups, respectively (Figure 1).
Weight was not significantly reduced in the highest tertile compared to the lowest tertile of
habitual steps/day in the 8 (p=0.15) and 12 kcal per kg per week groups (p=0.99), but weight
reduction approached significance in the 4 kcal per kg per week group (p=0.09). Weight
change across tertiles of habitual steps/day was only significant (p-trend=0.04) in the 4 kcal
per kg per week group (Figure 1).

Changes in relative fitness across tertiles of habitual steps/day approached significance in
the 4 kcal per kg per week group (p=0.06), but was not significant in the 8 (p=0.67) or 12
kcal per kg per week groups (p=0.73). Similarly, test for trend for increasing relative fitness
with higher amounts of habitual steps/day approached significance in the 4 kcal per kg per
week group (p-trend= 0.06), but not the 8 (p=0.53) or 12 kcal per kg per week groups (p=
0.49; Figure 1). Absolute fitness, systolic (Figure 1), and diastolic blood pressure were not
significantly different between the highest tertile compared to the lowest tertile of habitual
steps/day (all p>0.05), and all tests for trends for these parameters were not significant.

Changes in the Effect of Habitual Steps/Day on Anthropometric, Fitness, and Blood
Pressure Independent of Exercise Training Dose

As shown in Figure 2, waist circumference (Figure 2) and weight (Figure 2) were reduced in
the highest tertile of habitual steps/day compared to the lowest tertile (p<0.05). No effects
were observed for absolute, relative fitness (Figure 2); systolic (Figure 2); or diastolic blood
pressure.

Discussion
The primary finding of this secondary analysis of overweight and obese postmenopausal
women participating in aerobic training was that those individuals with higher levels of
habitual physical activity had greater reductions in waist circumference. This effect was
found in women exercising at levels consistent with 50%, 100% and 150% of public health
guidelines. In addition, higher levels of habitual physical activity were generally supportive
of body weight reductions, especially in participants training below recommended levels of
structured aerobic exercise. However, no additional benefits were observed for habitual
physical activity level on fitness or blood pressure at any exercise training dose. These
findings have public health implications for postmenopausal women, who as a group have
elevated CVD risk12 and lower energy expenditure11 compared to premenopausal women.
To our knowledge, this is the first study to examine and quantify the effect of habitual
physical activity level on anthropometric and CVD risk factors in individuals participating
in traditional structured exercise programs. Exercise training studies typically do not address
how total physical activity levels (exercise training and habitual physical activity) affect
body composition. Data from the present study show that women who had higher habitual
activity levels had greater reductions in waist circumference compared to those with lower
levels in the 4 (−4.8 cm vs −1.5 cm); 8 (−3.9 cm vs −0.4 cm) and 12 kcal per kg per week
groups (−4.1 cm vs −0.7 cm). Similarly, when dose of exercise was held constant, the
independent effect of higher habitual physical activity levels (>6209 steps/day) while
exercise training was equivalent to a reduction in waist circumference of −4.2 cm. Based on
epidemiologic data, this corresponds to approximately a 7% reduction in CVD risk above
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and beyond exercise training performed while maintaining lower physical activity habitual
levels (<3652 steps/day, −1.0 cm).15 Similarly, higher levels of habitual physical activity
with aerobic training may augment weight loss, although observed weight loss in general
was modest.

Interestingly, higher habitual physical activity did not influence absolute fitness or blood
pressure above and beyond structured exercise training. Habitual physical activity may not
have been performed at a high enough intensity to influence absolute or relative fitness
parameters,16-18 but the additional energy expenditure likely promoted greater adiposity
loss. Similarly, no changes in systolic or diastolic blood pressure were observed. Few
published studies have investigated the effects of habitual physical activity level during
exercise training on CVD risk factors. Di Blasio et al.19 reported no differences in fitness,
heart rate, or blood pressure in postmenopausal women (n=34) who decreased spontaneous
activity during exercise training compared to women who maintained or increased their
physical activity outside of training.19 The present study supports and expands on these
findings.

It is important to note that this study is descriptive in the sense that women self-selected
their habitual physical activity levels while participating in aerobic training. Nevertheless,
these data provide evidence that a dual approach of increasing both habitual physical activity
and adopting aerobic training could optimize reductions in central adiposity and weight in
women with low levels of habitual physical activity. Women in the lowest tertile for habitual
physical activity were generally older, had lower relative fitness and were likely to be at the
greatest risk of future weight gain.20,21 In addition, the current findings suggest that weight
and waist circumference reductions are less likely to result from exercise training if habitual
physical activity levels remain low. However, a prospective study is needed to evaluate the
safety, feasibility and efficacy of this dual approach in sedentary individuals.

The present study has several strengths. DREW was a large randomized trial in which
exercise dose was strictly monitored and supervised. Additionally, step-counter data were
collected during the entire training intervention. Limitations of this analysis are that it is not
possible to determine the intensity of habitual physical activity, dietary information was not
measured during the training intervention, and our results may not be generalizable to other
aerobic training intensities or modalities.

Conclusion
Habitual physical activity affects the effectiveness of structured aerobic training in reducing
waist circumference in overweight and obese postmenopausal women. However, no
additional effects were found for blood pressure or fitness. Future studies should investigate
combining exercise training and increasing habitual physical activity prospectively in
sedentary individuals, and evaluating their independent and combined effects on body
composition and CVD risk factors.

Supplementary Material
Refer to Web version on PubMed Central for supplementary material.
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Figure 1.
Change in anthropometric, fitness and blood pressure across tertiles of habitual physical
activity following training CON, control; KKW, kcal per kg per week
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Figure 2.
Change in anthropometric, fitness and blood pressure across tertiles of habitual physical
activity following training with dose of exercise entered as a covariate (n=253)
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Table 1

Baseline characteristics and habitual physical activity (steps/day) during the intervention

Control
(n=72)

4 kcal/kg
(n=106)

8 kcal/kg
(n=72)

12 kcal/kg
(n=75)

Age (years) 57.4 (5.8) 57.9 (6.3) 56.7 (6.6) 56.9 (6.3)

African American (%, n) 23.6 (17) 34.0 (36) 29.2 (21) 22.7 (17)

Hormone replacement therapy (%, n) 52.8 (38) 39.6 (42) 43.1 (31) 46.7 (35)

Weight (Kg) 86.7 (11.7) 82.4 (11.9) 85.3 (12.7) 83.5 (11.3)

BMI 32.5 (3.8) 32.3 (7.8) 32.3 (4.2) 31.2 (3.5)

Waist Circumference(cm) 102.0 (11.5) 98.9 (10.6) 102.5 (12.1) 99.9 (12.0)

Peak VO2, mL per kg per minute 15.4 (3) 15.6 (2.9) 14.9 (2.5) 15.8 (2.7)

Peak VO2 (L/minute) 1.3 (0.3) 1.3 (0.2) 1.3 (0.2) 1.3 (0.2)

Baseline daily steps (steps per day) 5195.9 (1655.5) 4917.1 (1830.2) 4806.2 (1668.4) 4871.7 (1813.9)

Habitual physical activity (steps/day) 5838.7 (1871.0) 5316.2 (1699.2) 5339.1 (1602.5) 5398.8 (1593.2)

Change in average daily steps (steps/day) 642.8 (1477.2) 399.1 (1386.6) 532.9 (1378.2) 527.1 (1504.6)

Note: Continuous variables are expressed as M (SD); categoric variables are expressed as (%, n). kcal/kg=kilocalories per kilogram of body weight
per week (energy expenditure in the exercise training group).

Peak VO2: Maximal oxygen consumption
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Table 2

Participant characteristics across tertiles of habitual physical activity accumulated during the exercise
intervention (n=325)

Habitual physical activity tertiles

Tertile 1
(n=107)

Tertile 2
(n=108)

Tertile 3
(n=110) p-value

Age (years) 59.2 (6.7) 57.5 (6.3) 55.2 (5.0) <0.001

Weight (kg) 86.4 (12.3) 84.0 (12.3) 82.4 (11.0) 0.016

BMI 33.0 (6.0) 32.2 (6.2) 31.0 (3.8) 0.008

Waist Circumference (cm) 102.6 (10.9) 100.0 (11.9) 98.8 (11.5) 0.020

Peak VO2 (mL per kilogram per minute) 14.6 (2.6) 15.4 (3.0) 16.3 (2.6) <0.001

Peak VO2 (L/min) 1.3 (0.2) 1.3 (0.2) 1.3 (0.3) 0.008

Baseline daily steps (steps/day) 3543.6 (1253.1) 4954.7 (1431.2) 6295.1 (1346.3) <0.001

Daily steps during intervention (steps/day) 3609.3 (630.3) 5348.7 (438.7) 7357.9 (999.8) <0.001

Change in average daily steps (steps/day) 65.7 (1253.8) 394.0 (1393.1) 1062.8 (1456.8) <0.001

Note: Shown are the baseline characteristics of participants in the DREW study stratified by tertiles of daily physical activity outside the exercise
intervention. Values are expressed as M (SD). Tertiles are calculated based on the average daily step count obtained through pedometry. Significant
trends across tertiles for continuous variables were analyzed using multiple linear regression.

Steps per day were 1687–4467 for Tertile 1; 4485-6203 for Tertile 2; 6209–10,571 for Tertile 3.

Peak VO2: Maximal oxygen consumption
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