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ABSTRACT

MORSS, G. M., A. N. JORDAN, J. S. SKINNER, A. L. DUNN, T. S. CHURCH, C. P. EARNEST, J. B. KAMPERT, R. JURCA, and
S. N. BLAIR. Dose-Response to Exercise in Women Aged 45–75 yr (DREW): Design and Rationale.Med. Sci. Sports Exerc., Vol.
36, No. 2, pp. 336–344, 2004.Introduction and Purpose: Physical inactivity in postmenopausal women contributes to a rise in
atherogenic risk factors associated with the metabolic syndrome. Although regular physical activity positively contributes to health,
inactivity progressively increases with age. The Dose Response to Exercise in Women aged 45–75 yr (DREW) study is designed to
investigate the effect of different amounts of exercise training on cardiorespiratory fitness and risk factors for cardiovascular disease
(CVD) in postmenopausal women at moderately increased risk of CVD.Methods: DREW will recruit 450 sedentary, healthy,
postmenopausal women with a body mass index of 25–40 kg·m�2, resting systolic blood pressure (BP) of 120–159 mm Hg, and a
resting diastolic BP of� 99 mm Hg. Laboratory and self-report measures completed at baseline and 6 months include maximal oxygen
consumption (V˙ O2max), resting BP, anthropometry, dietary habits, physical activity history, medication use, menstrual history, personal
and family medical history, and fasting HDL cholesterol, LDL cholesterol, triglycerides, and glucose. Eligible participants are randomly
assigned to a nonexercise group or one of three exercise groups. Participants exercise 3 to 4� wk�1 at a heart rate equivalent to 50%
of V̇O2max expending 4, 8, or 12 kcal·kg�1·wk�1, depending on group assignment. This study will allow quantification of possible
dose-response relations (50%, 100%, and 150% of the consensus physical activity recommendation) between exercise training and
study outcomes.Conclusion: DREW can make important contributions to our understanding of the effects of physical activity in
postmenopausal women and help refine public health and clinical recommendations for this group.Key Words: AEROBIC
TRAINING, BLOOD PRESSURE, FITNESS, PHYSICAL ACTIVITY, INTENSITY

About 38% of American women (over 25 million) are
postmenopausal. Because of an increasing life ex-
pectancy, women generally spend one-third of their

lives in this phase of the lifespan (28). Menopause is asso-
ciated with a rise in atherogenic risk factors, e.g., 1) an
increase in blood pressure (BP) (especially systolic BP
[SBP]); 2) a worsening of the blood lipid profile; 3) a
progressive gain in body weight, with about 66.1% of
women overweight and 37.8% obese by age 40–59 (12);
and 4) an increased tendency for central obesity with excess
intra-abdominal visceral fat deposition, hyperinsulinemia,
and the associated metabolic syndrome. Physical inactivity

in postmenopausal women contributes to the increase in
these risk factors and to low cardiorespiratory fitness (8,15).
About 30% of women in the postmenopausal age range
report no physical activity at all, and the prevalence of
inactivity progressively increases with age (30). Further,
African-American women are more likely than Caucasian
women to be sedentary (30).

Regular physical activity makes positive contributions to
health and well-being (14,23,24,30). The consensus recom-
mended dose described in guidelines is perhaps most clearly
presented as “obtaining 30 min of moderate-intensity phys-
ical activity, such as brisk walking, on most, preferably all,
days of the week.” Despite general agreement that 150–210
min weekly of moderate-intensity physical activity reduces
mortality and cardiovascular disease (CVD) risk, there are
still uncertainties about the specific types, amounts, pat-
terns, and intensities of exercise that produce optimal or
even measurable effects. Although there is agreement in
current activity guidelines on a general dose-response rela-
tionship between exercise and health benefits, data to quan-
tify this relationship are not compelling. Unanswered ques-
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tions with important practical and clinical implications
include:

• “Will sedentary individuals get any health benefit if
they perform less physical activity than the recom-
mended amount?”

• “ If individuals perform more physical activity than the
recommended amount, will they obtain greater (or
proportionally greater) health benefits?”

• “Does the dose-response relationship between exercise
and outcomes vary for different outcome measures?”

After reviewing evidence from exercise training studies
on the inverse relationship between physical activity and
mortality, we conclude that total energy expenditure is the
most important component of an exercise program for
health promotion (5,6). If this is correct, the implication is
that health-related outcomes such as CVD risk factors and
cardiorespiratory fitness can be improved with various com-
binations of frequency, duration, and intensity of exercise. A
question remains concerning whether there are “minimal,”
“ threshold,” or “optimal” doses of exercise needed to im-
prove fitness and health. The Dose-Response to Exercise in
Women aged 45–75 yr (DREW) study is designed to pro-
vide information on this and other related questions. Funded
by the National Heart, Lung, and Blood Institute, the DREW
study is designed to investigate the effect of different
amounts of exercise training on cardiorespiratory fitness and
risk factors for CVD in sedentary, overweight, or obese
postmenopausal women at moderately increased risk of
CVD.

SPECIFIC OBJECTIVES

We will randomly assign sedentary postmenopausal
women to one of three exercise groups or a nonexercise
control group. Exercising women will participate in three or
four training sessions each week for 6 months with energy
expenditures of 4, 8, or 12 kcal·kg�1·wk�1 (KKW). Exer-
cise intensity will be 50% of maximal oxygen consumption
(V̇O2max). The objective is to precisely quantify the dose-
response changes in the primary outcomes of V̇O2max and
resting SBP. Secondary outcomes include blood lipids and
lipoproteins, body weight and composition, BP response to
exercise, myocardial oxygen demand (estimated by the
product of heart rate [HR] and SBP), fasting glucose, HR
variability, quality of life and other psychosocial variables,
and change in CVD risk as defined by a multiple logistic
risk function (11). This study also will yield insights into the
extent to which observed dose-response relationships are
modified by baseline levels of fitness, ethnicity, risk factors,
or age.

METHODS

Description and selection criteria of participants.
There are few large, well-controlled studies on the effects of
specific doses of exercise in postmenopausal women.
DREW will recruit 450 sedentary, healthy, postmenopausal

women aged 45 to 75 yr who are overweight or obese (body
mass index [BMI] of 25–40 kg·m�2) and have normal or
mildly elevated BP (resting SBP of 120–159 mm Hg and a
resting diastolic blood pressure [DBP] of � 99 mm Hg).
These criteria are representative of a large number of post-
menopausal women with a moderately elevated risk for
CVD and who may benefit from exercise training. However,
their risk is not so great that pharmacological intervention is
initially required. According to established guidelines for
treatment of elevated BP, lipids, and BMI, a 6-month life-
style intervention is recommended (11,21,22). Approxi-
mately 65% of the participants will come from non-His-
panic white ancestry, and the remaining 35% will come
from minority groups, primarily African-American and
Mexican-American women. To enhance the recruitment of
minorities, we have opened an offsite facility. Our facility
occupies space in a medical clinic with a high concentration
of minority women as patients. In addition, the community
where the medical clinic is located is comprised primarily of
minorities. Orientations, run-in sessions, and supervised ex-
ercise sessions are conducted at the facility for the conve-
nience of the participants. However, the baseline and
6-month follow-up medical assessments are conducted at
our campus in North Dallas.

In the DREW study, one or more of the following deter-
mines postmenopausal status:

• �55 yr old and no natural menses for at least 1 yr (the
median age of natural menopause in North America is
51 yr, with a usual range of 48 to 55 yr).

• �55 yr old and no natural menses for at least 1 yr or
taking hormone replacement therapy (HRT) for 1 yr.

• Aged 45–55 yr with medical documentation of a hys-
terectomy with a bilateral oophorectomy.

• �55 yr old with a hysterectomy but no documentation
of a bilateral oophorectomy, taking HRT for 1 yr.

The inclusion and exclusion criteria for DREW are listed
in Table 1. Women taking medication for thyroid, choles-
terol, and BP problems are eligible as long as they have been
on a stable dose for at least 3 months. Women taking
medication with a beta-blocker are not eligible to participate
because of the effect beta-blockers have on heart rate. HRT
is allowed, as long as participants have been on a stable dose
for a minimum of 6 months.

Timeline and rationale. Participant flow from screen-
ing through randomization is depicted in Figure 1. Initial
eligibility is determined by a telephone interview to obtain
information about age, physical activity, menstrual history,
height, weight, current medical history and medication use,
and residence. Individuals who remain eligible after the
phone screen and express willingness to learn more about
the study are invited to an orientation session. At the ori-
entation session, potential participants are weighed and
height measured to calculate BMI. A thorough explanation
of the study is given, study requirements of the participants
are explained, what participants can expect from the study is
clarified, and any questions are answered. Eligible partici-
pants who wish to participate in further screening sign an
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informed consent approved by the Institutional Review
Board of The Cooper Institute. Participants are then sched-
uled for their first run-in visit. Women who complete the
run-in will become accustomed to working with our staff,
resolve scheduling conflicts, and gain confidence in being

able to make the time commitment for the study. A run-in is
most useful when 1) poor adherence is associated with a
substantially reduced “ response” to training, 2) participants
excluded by the run-in would have been unlikely to comply
during the trial, and 3) the cost of the run-in and screening
is low relative to training costs. In DREW, these conditions
are clearly satisfied.

During the run-in period, participants visit The Cooper
Institute six times over 2 wk to view a computer-based slide
and audio intervention consisting of consensus recommen-
dations from various guidelines on health-related topics
(11,21,22,29). Topics include limiting alcohol intake, in-
creasing physical activity, the importance of not smoking,
and reducing the intake of sodium, saturated fat, and cho-
lesterol. The importance of making these changes is empha-
sized, questions are answered, and appropriate educational
materials from the National Heart, Lung, and Blood Insti-
tute, American Heart Association, American College of
Sports Medicine, and other sources are distributed. This
instruction in lifestyle modification exceeds what is typi-
cally given in clinical practice to women in these risk strata.
Although the lifestyle intervention, especially the general
exercise advice, might contribute to drift between treatment
groups, a recent meta-analysis showed limited effects of
short-term interventions such as ours (20). Delivering the
intervention before randomization should not affect internal
validity because any effect will be equally distributed across
the groups. According to the study protocol for run-in, four
to six BP measurements are taken during the first three
run-in intervention sessions. After 5 min of rest, the first BP
is measured. Consecutive measurements are taken every 2
min. The average BP is calculated for each session, with the

FIGURE 1—Study flow, participant time commitment for each level of
the study, and the estimated number of participants screened at each
level of the study.

TABLE 1. Inclusion and exclusion criteria for DREW.

Inclusion criteria

Physically inactive Women must be sedentary and have an energy expenditure of �35 kcal�kg�1�d�1 (6).
Postmenopausal ● �55 yr old and no natural menses for at least 1 yr

● �55 yr old and no natural menses for 1� yr or using HRT for 1� yr
● Aged 45–75 yr with medical documentation of a hysterectomy with a bilateral oophorectomy
● �55 yr old with a hysterectomy but no documentation of bilateral oophorectomy, using HRT for 1� yr

Hormonal replacement therapy HRT is allowed, if they have been on a stable dose for �6 months
BMI 25–40 kg�m�2; height and weight measured and BMI calculated at the orientation session
Blood pressure 120–159 mm Hg systolic and �99 mm Hg diastolic; screening blood pressure measurements performed during the

behavioral intervention/run-in
Women on a stable dose of antihypertensive medications during the past 3 months will be accepted, except women

using beta-blockers
Physically capable of exercise There is no minimal or maximal value for V̇O2 max; participants must be able to exercise safely at the required doses
Informed consent Women must be capable and willing to give written informed consent, understand exclusion criteria, and accept the

randomized group assignment

Exclusion criteria
A past history and/or physical examination or laboratory findings of the following medical conditions:

Significant cardiovascular disease or disorders Including but not limited to arrythmias, myocarditis, cardiomyopathy, congestive heart failure, heart disease,
stroke or transient ischemic cerebral attacks, peripheral vascular disease with intermittent claudication, acute,
chronic, or recurrent thrombophlebitis

LDL cholesterol LDL �130 mg�dL�1 and 10-yr risk �10% as indicated by NCEP Panel III report
Large weight loss 20 or more kg in the past year
Other exclusions Hospitalization for mental illness within the past 5 yr or score �10 on the Center for Epidemiological Studies

Depression scale (CESD)
Plans to be out of the city more than 4 wk over the next 6 months

Other significant medical conditions Including but not limited to chronic or recurrent respiratory, gastrointestinal, neuromuscular, neurological, or
psychiatric conditions; musculoskeletal problems interfering with exercise; autoimmune or collagen vascular
diseases; immunodeficiency diseases or a positive HIV test; anemias, bleeding disorders, chronic thrombotic
disorders, or hypercoagulable states; malignancies in the past 5 yr, with the exception of skin cancer
therapeutically controlled; endocrine and metabolic disorders, including diabetes; any other medical condition
or disease that is life-threatening or that can interfere with or be aggravated by exercise
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first measure discarded. The average BP of the first three
sessions is used to evaluate eligibility based on the BP
criteria. Eligible participants complete the final three inter-
vention sessions for continued adherence screening. Screen-
ing BP is measured manually with mercury manometers
using the American Heart Association protocol (25).

Upon completion of the run-in, participants undergo base-
line medical testing during which they are screened for the
remaining inclusion/exclusion criteria such as cholesterol,
fasting glucose, and arrhythmias. Final eligibility and ran-
domization occur after the run-in and baseline medical as-
sessments because the baseline examinations may reveal
participants who meet exclusion criteria not discovered at
the preliminary screening. Participants who do not attend
the required run-in sessions and baseline examinations
within a 5-wk period are excluded for poor adherence. The
randomization sequence is computer generated by the study
statistician. The sequence is determined from randomly
permuted blocks of equal length with fixed numbers of
treatment allotments each, to balance treatment enrollments
over time. The entire sequence is archived to provide an
audit trail when combined with the participant tracking
system. Randomization is implemented with treatment as-
signment letters placed into sequentially numbered, opaque
envelopes sealed by the statistician. At randomization, the
envelopes are opened in order by a health educator inde-
pendent of the statistical staff.

Outcome measures and methods. Primary out-
come variables are V̇O2max and resting SBP. Secondary
outcome variables include fasting blood lipids and lipopro-
teins (total, HDL- and LDL-cholesterol, and triglycerides),
high sensitive C-reactive protein, fasting glucose, anthro-
pometry (body composition and regional fat distribution),
BP response to exercise, HR variability, health-related qual-
ity of life and other psychosocial variables, and CVD risk
determined by a multiple logistic risk function. Other vari-
ables of interest include dietary habits, physical activity
history, smoking, alcohol intake, sleep habits, medication
use (including HRT), demographic characteristics, unstruc-
tured physical activity, menstrual history, and personal and
family medical history.

The baseline assessments are divided into three sessions.
During the first session, each participant rests for 30 min
during which time R-R interval variability is recorded. Im-
mediately after this, a minimum of four BP measurements,
taken 2 min apart, are obtained using a Colin STBP-780
automated BP unit. Upon completion of the BP measure-
ments, blood is drawn through an antecubital vein. Body
composition measurements obtained at the first baseline
examination include circumferences of the waist, hip, and
upper arm. Skinfold measurements include biceps, triceps,
mid-axillary, subscapular, abdominal, suprailiac, thigh, and
calf. Lastly, participants undergo a brief screening exami-
nation performed either by a physician or nurse. During the
second and third assessments, participants complete maxi-
mal cycle ergometer tests.

All exercise testing is conducted using a Lode Excalibur
Sport cycle ergometer (Groningen, The Netherlands), an

electronic, rate-independent ergometer. Subjects are re-
quired to practice on the cycle ergometer during the initial
baseline medical assessment, providing they meet eligibility
requirements. Before the exercise test, a resting electrocar-
diogram (ECG) is taken and resting HR, SBP, and DBP are
measured. Subjects exercise at 30 W for 2 min, 50 W for 4
min, followed by increases of 20 W every 2 min until
exhaustion. BP and HR from the ECG are measured at the
end of each 2-min stage. During the entire protocol, gas
exchange variables (V̇O2, CO2 production, ventilation, and
respiratory exchange ratio [RER]) are recorded every 15 s.
During each exercise test, a maximal exercise effort to elicit
either V̇O2max or V̇O2peak is used to screen for abnormal BP
and ECG responses, as well as determining subsequent
exercise prescriptions. The criteria for achieving V̇O2max are
RER �1.1, a plateau in V̇O2 (change of �100 mL·min�1 in
the last three consecutive 15-s stages), and a HR within 10
beats·min�1 of the maximal level predicted by age. Those
participants who do not meet these criteria will be classified
as having reached their V̇O2peak, and subsequent data anal-
ysis will account for this factor. After reviewing the results
of the first test, participants without medical problems that
exclude them from further participation are tested once
more to maximum on a separate day.

As before, subjects will exercise at 30 W for 2 min. They
will then exercise at 50 W for 4 min to allow collection of
steady-state data, followed by increases of 20 W every 2
min until volitional fatigue or exhaustion. Although it may
be argued that higher “maximal” values would be obtained
on a treadmill, the cycle ergometer gives highly reproduc-
ible results (r � 0.96–0.98 in the HERITAGE Family Study
(27)). In addition to the fact that cycle ergometry is one of
the forms of training, it is more tolerable in this population,
BP is easier to measure, it requires fewer personnel, and it
may have lower risk of injury.

During both exercise tests, respiratory gases are measured
using a Parvomedics True Max 2400 Metabolic Measure-
ment Cart. Volume and gas calibrations are conducted be-
fore each test. SBP and DBP are measured at rest and during
the last 30 s at each power output using a Colin STBP-780
automated BP unit, which is manually calibrated each day.
HR is measured directly from the ECG monitoring system.
Ratings of perceived exertion (RPE) are obtained using the
Borg scale.

Testing at baseline (preintervention) and at 6 months
(postintervention) use the same protocols; therefore, HR
variability, BP, blood draw, body composition, and two
cycle ergometer tests are measured at baseline and 6
months. At baseline and 6 months, the V̇O2max data are
averaged for statistical analyses. Variables measured by
self-report at baseline, such as dietary habits, physical ac-
tivity history, smoking, alcohol intake, sleep habits, medi-
cation use (including HRT), demographic characteristics,
menstrual history, and personal and family medical history,
are also measured at 6 months. In addition, unstructured
physical activity is monitored on a monthly basis. All ran-
domized participants wear a step counter (Accusplit Eagle,
Japan) to record their daily steps and will write comments
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on an activity log. Each month, the activity log is returned
to the exercise staff. Exercisers will remove the step counter
provided at randomization during supervised exercise ses-
sions and will put on a step counter set at zero so that
exercise steps and daily steps are recorded separately.

Exercise program rationale and selection of
doses. Several different methods have been used to spec-
ify and quantify exercise guidelines and physical activity
recommendations. Most approaches use the components of
exercise intensity, duration of exercise sessions, and fre-
quency of exercise sessions per week to describe and define
the overall exercise dose. Typically, ranges for each of these
components are given to allow flexibility in combining the
components to produce a weekly dose of exercise. For
example, the most recent guidelines from the American
College of Sports Medicine specify a frequency of 3–5
d·wk�1, an intensity of 40–85% V̇O2max, and a duration of
20–60 min per session (2). Recent consensus recommen-
dations for physical activity from the U.S. Public Health
Service consistently recommend 30 min of moderate-inten-
sity physical activity on most, preferably all, days of the
week (23,24,30). Recommendations in these reports for
exercise intensity sometimes are presented relative to the
person’s capacity (e.g., 40–60% V̇O2max) as absolute inten-
sity (3 to 6 times resting metabolic rate (RMR) (24)), or in
more qualitative terms (brisk walking equivalent to a 15 to
20 min·mile�1 pace (23)).

The recommendation that sedentary adults obtain 30 min
of moderate-intensity physical activity on most, preferably
all, days of the week is the basis for the specific exercise
doses to be tested in DREW. Healthy women with similar
age, activity pattern, and health status as those in DREW
have a V̇O2max of about 6.3 METs (1 MET � RMR or a
V̇O2 of 3.5 mL·kg�1·min�1) (16,17). This level of cardio-
respiratory fitness also is comparable to the cut point defin-
ing low fitness of similar aged women of the more than 7000
women participating in the Aerobics Center Longitudinal
Study who completed a maximal exercise test. In that study,
low-fit women had a substantially higher risk of all-cause
and CVD mortality during an 8-yr follow-up than women
who were at least moderately fit (7). Adjusted relative risks
for low cardiorespiratory fitness were 2.8 for CVD mortality
and 2.2 for all-cause mortality.

Women with a V̇O2max of about 6.3 METs who follow the
recommendation of 30 min of moderate-intensity physical
activity (defined as 50% of 6.3 METs, or 3.2 METs) per day
will expend about 1.6 kcal·kg�1 for each exercise session
(3.2 METs 0.5 h � 1.6) (1,23,24,30). The public health
recommendation is that this amount of exercise be obtained
on most days of the week (23,24). This realistically refers to
5 d·wk�1, which gives an exercise dose of approximately 8
KKW. Therefore, 8 KKW was selected as a dose of energy
expenditure that is a reasonable quantitative representation
of the recent public health recommendations for sedentary
adults. This dose of 8 KKW has produced changes in
V̇O2max that placed about 70% of the initially sedentary
women above the cut point for low fitness, as defined in the
Aerobics Center Longitudinal Study (7).

A major objective of DREW is to evaluate exercise levels
50% above and 50% below the current public health rec-
ommendations to test whether the lower dose provides any
benefit and whether the higher dose provides more benefit
than the standard 8-KKW exercise level. Thus, women will
be assigned to either a usual-care control group or to groups
that expend 4, 8, or 12 KKW during DREW exercise
sessions.

Although the recommendation of 8 KKW is based on
accumulating calories over 5 d each week, there was con-
cern that 5 d·wk�1 would be an excessive burden and might
have an adverse effect on adherence to the exercise inter-
vention program. Studies on exercise frequency show little
difference in physiological changes for 3 or more days per
week provided the total weekly exercise dose is held con-
stant (2); therefore, women in DREW are asked to obtain
their weekly exercise dose in three or four sessions.

Because the various public health pronouncements rec-
ommend moderate-intensity exercise for sedentary individ-
uals, the intensity selected for DREW was 50% of V̇O2max

across all exercise groups. Moderate-intensity exercise may
also be associated with better adherence in initially unfit
women, while minimizing dropouts and adverse events.
Many studies show that an intensity of 50% V̇O2max is
sufficient to produce clinically significant physiological ad-
aptations in sedentary individuals (7,23,24,30). Although it
would have been useful to compare various exercise inten-
sities, sample size calculations revealed that the number of
subjects needed to test even two exercise intensities was
beyond the scope of what could be accomplished within
DREW.

There were also discussions on the length of the trial. It
has been shown that substantial physiological adaptations
occur within the first 3 to 4 months of exercise. Available
data suggest that major changes are unlikely beyond 6
months of training (4,26). In view of the expectation of little
further adaptation after 6 months and considering the in-
creased logistical and participant burdens (perhaps leading
to poorer adherence) and costs of running a highly con-
trolled, laboratory-based study for a longer period, the
DREW exercise intervention was limited to 6 months.

Exercise training program. After the average
V̇O2max from two cycle ergometer tests on separate days has
been calculated, participants are randomly assigned into one
of three exercise groups or a nonexercise control group.
Each woman in an exercise group alternates training ses-
sions on a recumbent cycle ergometer or treadmill using a
standard ramping exercise protocol. The target training in-
tensity is the HR that is associated with 50% of each
woman’s V̇O2max and the frequency of exercise is 3 or 4�
wk�1. The exercise laboratory is open 12.5 h·d�1, 5 d·wk�1

to allow maximal scheduling convenience.
A computer-controlled exercise training management

system allows for input of relevant data points on each
woman (week of exercise, KKW dose according to group
assignment, HR associated with 50% V̇O2max, training HR
zone, body weight, and number of visits per week). The
computer then provides the appropriate power output (PO)
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for the cycle ergometer, and the correct speed and grade for
the treadmill that will elicit the programmed HR. Knowing
the exact PO for the cycle ergometer and the treadmill, the
total kilocalories expended each minute and the time needed
to reach the target energy expenditure for the exercise ses-
sion or for the week can be calculated. The duration of each
individual session depends on the number of visits required
to reach the target KKW.

To monitor the participant’s caloric expenditure over the
course of 6 months, a weekly tracking report is created (Fig.
2). The weekly report is used to track and calculate caloric
adjustments for each of the 24 wk. This report summarizes
the prescribed dose of caloric expenditure (group KKW
dose multiplied by weight in kilograms) and the actual
calories expended per week. The number of calories ex-
pended per session is adjusted each week, within the limits

of the study design so that the total number of calories
expended is equal to the total number prescribed per week
of the 24-wk program. This report also averages the number
of visits per week so that we can determine whether the
participants are exercising at least two, but no more than
four, sessions each week.

The training program consists of a 2-min warm-up at a
progressively increasing PO until the training HR is
reached, after which participants exercise at the appropriate
PO and for the appropriate duration. If participants require
a recovery or cool-down period, PO is gradually reduced.
During exercise, HR is monitored every 3–6 min using a
Polar HR monitor (Polar Vantage XL and Polar Vantage
NV). The target HR is used to monitor each woman’s
performance during each session to ensure that she is exer-
cising at the proper intensity. Monitoring HR allows us to
control exercise intensity and document the specific amount
of exercise done during each session. If the average training
HR rises or drops 5 bpm or more during two consecutive
weeks, training supervisors will decide to increase or de-
crease PO during the next training session until the HR
associated with the desired percent V̇O2max is attained. This
then becomes the new training PO until another HR re-
sponse is achieved. As women improve their fitness, they
will work at a higher PO to reach the required HR and will
take less time to expend the required KKW; this could be an
incentive to adhere, as less time is needed to reach the
weekly goal of 4, 8, or 12 KKW.

Although each participant should expend the KKW re-
quired by her group assignment, participants may not be
immediately capable of exercising at their required dose.
For this reason, there is a gradual progression to the as-
signed exercise dose (Fig. 3). All exercisers will expend 4
KKW during the first week. Those assigned to the 4-KKW
group will remain at that level for 6 months. All other
exercisers will increase energy expenditure by 1 KKW each
week until they reach the level required for their group.
Thus, participants in the 8-KKW group will reach and
maintain their dose at week 5 and participants in the 12-
KKW group will do the same at week 9. This gradual
increase in total energy expenditure should make it easier
for women to reach their goal and is expected to minimize
fatigue, soreness, injuries, and dropout.

Some flexibility has been built into the program to en-
hance adherence. Although subjects are expected to train 3
or 4� wk�1, there may be weeks when they can train only
two times and would like to exercise longer each session to
maintain the same total energy expenditure for the week.
This option is limited to participants in the 4-KKW group.
In other situations, women may prefer to exercise shorter
periods each day over 5 d. This option is limited to partic-
ipants in the 8- and 12-KKW groups. Participants are not
allowed to exercise �2� wk�1 or �5� wk�1. Women are
contacted when they miss a scheduled session so that ar-
rangements can be made to bring them back on schedule as
soon as possible. In anticipation of business or family com-
mitments, participants will be allowed to add 1 to 1.5 KKW
to their normal dose of exercise for as many weeks as it

FIGURE 2—Weekly tracking report illustrating prescribed weekly
caloric expenditure, actual caloric expenditure, and the average num-
ber of exercise sessions.
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might take to make up or get ahead by 1 wk. These proce-
dures allow for some flexibility but still focus on attaining
the target total energy expenditure over the entire 6-month
training period.

Adherence. Poor adherence could jeopardize the inter-
nal validity (e.g., differential attrition across treatment
groups), the generalizability of the findings, or the ability to
determine treatment effects. Although ethical considerations
require that participants be allowed to withdraw at any time,
every possible research-based strategy is being used to min-
imize dropouts and to maximize the number of women
completing the recruitment, run-in, testing, and training
phases (10,19). Given that it is unrealistic to expect 100%
adherence to the exercise protocol, acceptable adherence is
defined as completing 90% or more of the total amount of
exercise prescribed. This 90% adherence rate averages out
to missing approximately 2.6 wk or 10 sessions.

Unforeseen circumstances might prevent an individual
from coming to the center but might still allow her to
exercise. In these situations, subjects are given a Polar HR
monitor, watch, and instructions on how to operate the
watch. They are also asked to complete a log sheet to record
the type of aerobic activity completed, duration of exercise,
pedometer count, and distance traveled during exercise, if
applicable. Data from the HR monitor are then downloaded
to confirm the diary information. A total of 16 unsupervised
exercise sessions are allowed throughout the study. This
provides time for vacations, illnesses, and other commit-
ments that might interfere with a participant’s availability to
travel to The Cooper Institute for an exercise session. If a
participant has not completed 90% of the training by the end
of 24 wk but can reach 90% within five training sessions,
she will be asked to continue training for no more than two
additional weeks.

Each woman will be given up to $500 as an incentive to
complete the study. If participants in the control group

complete baseline and 6-month measurements, they will
receive the entire $500. Exercise group members also have
to meet the 90% target adherence rate described earlier, in
addition to completing the baseline and 6-month measure-
ments, to receive the entire $500. Payment will be reduced
by $50 for each week of missed sessions beyond the 90%
adherence target. The maximum deduction for failing to
exercise will be $350. Thus, a woman in an exercise group
who does not come in to exercise at all will still receive
$150 for completing the baseline and 6-month examination.
Although this incentive is a substantial amount, it was
considered appropriate because the study objective is to
evaluate the dose-response effects of exercise. For this rea-
son, excellent adherence to both intervention and measure-
ment is necessary. If DREW were testing the effectiveness
of an exercise intervention as a public health strategy, such
a payment would not be appropriate. However, DREW is
not testing whether financial incentives encourage individ-
uals to exercise; rather, it is evaluating specific responses to
various doses of exercise.

Statistical analysis and power. A conservative ap-
proach to sample size estimation was employed, and some-
what larger standard deviations than those observed in sim-
ilar studies were assumed. In addition, there were
conservative estimates of effect sizes, allowance for drop-
outs and partial adherence at higher rates than that achieved
in prior studies, and a placebo effect allowed for possible
drift between groups. Power calculations were made for the
primary outcome measures of V̇O2max and SBP. It was
determined that adequate power would be achieved with
150, 100, and 100 women exercising at 4, 8, and 12 KKW,
respectively, and with 100 women in the nonexercising
control group.

All power computations assumed that intention-to-treat
comparisons of baseline to 6-month change scores will be
tested at the 5% significance level. Comparison of each

FIGURE 3—Progression of caloric expenditure for the study intervention.

342 Official Journal of the American College of Sports Medicine http://www.acsm-msse.org



exercise group with the control group was based on the
two-sample t-test. Tests for a dose-response trend were
based on linear regression of change scores across the three
exercise doses (controls excluded). Power for the dose-
response trend analysis was simulated with 1600 Monte-
Carlo replicates. All power computations allowed for 10%
dropouts over 6 months, and for 15% partial adherers who
would gain only half the exercise benefits of full adherers.
Primary outcomes among controls were assumed to change
by 1% compared with baseline. We anticipated increases of
7%, 12%, and 15% in V̇O2max at 6 months across the three
increasing dose levels, from a baseline level of 1500
mL·min�1, and a change-score SD of 200 mL·min�1. We
also anticipated reductions of 5, 7, and 9 mm Hg in systolic
BP at 6 months across the three increasing dose levels and
a change score SD of 9 mm Hg. With these parameters, we
computed the statistical power to be 0.85, 0.99, and 0.99,
respectively, for significant increases in V̇O2max in the
groups exercising at 4, 8, and 12 kcal·kg�1·wk�1, respec-
tively, compared with the control group. The test for a
significant dose-response trend across the three exercise
groups has power 0.97. We also computed the statistical
power to be 0.84, 0.98, and 0.99, respectively, for signifi-
cant reductions in systolic BP in those exercising at 4, 8, and
12 kcal·kg�1·wk�1, respectively, compared with controls.
The test for a significant dose response trend across the three
exercise groups has power 0.85.

Out of concern for Type I error rates in performing
repeated statistical tests, only two primary outcome mea-
sures are prespecified. Other outcomes are categorized as
“secondary” or “exploratory,” and findings will be inter-
preted cautiously. Analyses of primary endpoints will fol-
low the intention-to-treat principle. Secondary and explor-
atory analyses will focus on the secondary endpoints and
subgroups. All analyses will take into account prespecified
covariates, including age, BMI, HRT status, and baseline
values of outcome measures. Analyses of continuous out-
come measures will be based on ANCOVA models of
6-month change scores since baseline, and treatment effects
will be summarized as least-squares adjusted means (13).
Analyses of dose-response trends will be based on ordinary
least-squares regression of endpoints across the three exer-
cise groups. Model diagnostics such as quantile plots of

Studentized residuals, component-plus-residual plots, and
examination of leverage points and outliers will be per-
formed (3). Data transformations of skewed variables may
be explored and some analyses may be performed nonpara-
metrically. Analyses of binary outcomes will be based on
logistic regression, and analyses of ordered polytomous
outcomes will be based on ordered logit proportional-odds
models (9). The potential effects of missing data will be
explored under various models for nonignorable missing
data mechanisms, and through multiple imputation models
under ignorable missing data assumptions (18).

SUMMARY

DREW will evaluate the effects of the consensus dose of
weekly exercise specified in recent public health recommen-
dations for physical activity on outcome measures related to
CVD (14,23,24,30). This study also includes doses of energy
expenditure 50% lower and 50% higher than the consensus
dose, and will allow the quantification of possible dose-re-
sponse relations between exercise training and study outcomes.

DREW is an adequately powered, randomized, and con-
trolled trial to test various exercise doses in postmenopausal
women who are at moderately elevated risk for CVD and
other chronic diseases because of inactivity, overweight, or
obesity, and normal or mildly elevated BP. The focus is on
evaluating the effect of three exercise doses on cardiorespi-
ratory fitness and SBP (well-established risk predictors for
CVD), as well as on several important secondary outcomes.
An important strength of the study is the strict control and
quantification of the supervised exercise training program.
DREW can make important contributions to our understand-
ing of the effects of physical activity in postmenopausal
women and help refine public health and clinical recom-
mendations for this group. Postmenopausal women are the
most sedentary demographic group in the United States and
developing evidence-based physical activity recommenda-
tions for them should be given a high priority on the national
public health agenda.

This research was supported by the National Heart, Lung, and
Blood Institute grant HL66262, a grant from the American Heart
Association, and an equipment grant from LifeFitness.
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