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LOW LEVELS OF CARDIORESPIRA-
tory fitness are associated with
high risk of cardiovascular dis-
ease (CVD) and all-cause mor-

tality, and improvements in fitness are
associated with reduced mortality
risk.1-6 Although higher levels of fit-
ness are associated with better CVD risk
factor profiles, the fitness-CVD and all-
cause mortality relation is only mod-
erately attenuated when traditional
CVD risk factors are taken into ac-
count.1,4-6 Taken in sum, low fitness is
a powerful, independent risk factor for
premature mortality. Continuing to
identify and refine efficient, safe, and
acceptable exercise prescriptions to im-
prove fitness is of substantial public
health importance.

Even though fitness has a genetic
contribution, physical activity habits are
the primary determinant of fitness in
adults and changes in physical activ-
ity result in changes in fitness and sub-
sequent mortality.2,7,8 Previous re-
ports have combined the findings of
different studies to create dose re-
sponse curves for changes in physical
activity and changes in fitness.9 How-
ever, relatively few reports have evalu-
ated different doses of physical activ-
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Context Low levels of cardiorespiratory fitness are associated with high risk of mor-
tality, and improvements in fitness are associated with reduced mortality risk. How-
ever, a poor understanding of the physical activity–fitness dose response relation re-
mains.

Objective To examine the effect of 50%, 100%, and 150% of the NIH Consensus
Development Panel recommended physical activity dose on fitness in women.

Design, Setting, and Participants Randomized controlled trial of 464 seden-
tary, postmenopausal overweight or obese women whose body mass index ranged
from 25.0 to 43.0 and whose systolic blood pressure ranged from 120.0 to 159.9
mm Hg. Enrollment took place between April 2001 and June 2005 in the Dallas, Tex,
area.

Intervention Participants were randomly assigned to 1 of 4 groups: 102 to the non-
exercise control group and 155 to the 4-kcal/kg, 104 to the 8-kcal/kg, and 103 to
the 12-kcal/kg per week energy-expenditure groups for the 6-month intervention
period. Target training intensity was the heart rate associated with 50% of each
woman’s peak V̇O2.

Main Outcome Measure The primary outcome was aerobic fitness assessed on a
cycle ergometer and quantified as peak absolute oxygen consumption (V̇O2abs, L/min).

Results The mean (SD) baseline V̇O2abs values were 1.30 (0.25) L/min. The mean
(SD) minutes of exercising per week were 72.2 (12.3) for the 4-kcal/kg, 135.8 (19.5)
for the 8-kcal/kg, and 191.7 (33.7) for the 12-kcal/kg per week exercise groups.
After adjustment for age, race/ethnicity, weight, and peak heart rate, the exercise
groups increased their V̇O2abs compared with the control group by 4.2% in the
4-kcal/kg, 6.0% in the 8-kcal/kg, and 8.2% in the 12-kcal/kg per week groups
(P�.001 for each vs control; P for trend �.001). There was no treatment�subgroup
interaction for age, body mass index, weight, baseline V̇O2abs, race/ethnicity, or
baseline hormone therapy use. There were no significant changes in systolic or dia-
stolic blood pressure values from baseline to 6 months in any of the exercise groups
vs the control group.

Conclusion In this study, previously sedentary, overweight or obese postmeno-
pausal women experienced a graded dose-response change in fitness across levels of
exercise training.

Trial Registration clinicaltrials.gov Identifier: NCT00011193
JAMA. 2007;297:2081-2091 www.jama.com

©2007 American Medical Association. All rights reserved. (Reprinted) JAMA, May 16, 2007—Vol 297, No. 19 2081

 by EdHendricks, on May 20, 2007 www.jama.comDownloaded from 

http://www.jama.com


ity on fitness within a single large, well-
controlled study, particularly analyzing
effects of the National Institutes of
Health (NIH) Consensus Develop-
ment Panel recommendation of engag-
ing in at least 30 minutes of moderate-
intensity physical activity on most,
preferably all, days of the week.10 This
recommendation is commonly used to
prescribe physical activity for promot-
ing general health and is similar to those
put forth in the US Surgeon General’s
report on physical activity and health,11

the Centers for Disease Control and Pre-
vention and the American College of
Sports Medicine12 and the American
Heart Association.13

Unanswered questions with impor-
tant practical and clinical implica-
tions include: “Will sedentary individu-
als obtain improvements in fitness if
they perform less than 30 minutes of
physical activity on most days of the
week?” and “If individuals perform
more physical activity than this recom-
mendation, will they obtain greater (or
proportionally greater) improve-
ments in fitness?” Given the strong in-
verse relation between fitness and mor-
tality, having a better understanding of
the physical activity–fitness dose-
response relation is important, particu-
larly for populations with CVD or type
2 diabetes and for those at high risk for
these and other chronic diseases.

More than 1 in 3 US women are
postmenopausal, and CVD is the pri-
mary cause of death among women
of postmenopausal age.14,15 Among
women in the postmenopausal age
range, 30% report no physical activ-
ity at all, and the prevalence of inac-
tivity progressively increases with
age.16 This may in part explain the
observation that fitness levels decline
1% to 2% per year during the post-
menopausal years.17 However, physi-
ological changes associated with
aging may decrease the body’s ability
to maintain or improve fitness.17

Although working to increase physi-
cal activity and improve fitness levels
in th i s age group should be a
national public health priority, there
is a need to better understand the

expected gains in fitness for specific
doses of physical activity. The pri-
mary aim of the Dose-Response to
Exercise in postmenopausal Women
(DREW) trial was to examine the
effect of 50%, 100%, and 150% of the
NIH Consensus Panel physical activ-
ity recommendation on cardiores-
piratory fitness in sedentary, over-
weight or obese postmenopausal
women with elevated blood pressure.

METHODS
Study Design

A complete description of DREW de-
sign and methods has been pub-
lished.18 In brief, the study was a ran-
domized, dose-response exercise trial
with a no-exercise control group and
3 exercise groups with incrementally
higher doses of energy expenditure. The
research protocol was reviewed and ap-
proved annually by The Cooper Insti-
tute’s institutional review board, and
written informed consent was ob-
tained from all participants prior to their
joining the study.

Study Participants

We conducted a total of 4545 tele-
phone screening interviews between
April 2001 and June 2005 (FIGURE 1).
After providing written informed con-
sent, 464 postmenopausal women aged
45 to 75 years who were sedentary (not
exercising �20 minutes on �3 d/wk,
and taking �8000 steps/d assessed over
the course of 1 week), overweight or
obese (body mass index of 25.0-43.0;
body mass index is calculated as weight
in kilograms divided by height in me-
ters squared), and had a systolic blood
pressure that ranged from 120.0 to
159.9 mm Hg were randomly as-
signed to 1 of the 4 groups. Exclusion
criteria included history of stroke, heart
attack, or any serious medical condi-
tion that prevented participants from
adhering to the protocol or exercising
safely. Participants were recruited using
a wide variety of techniques, includ-
ing newspaper, radio, television, mail-
ers, community events, and e-mail dis-
tributions.

Nonexercise Control
Women in the nonexercise control
group were asked to maintain their level
of activity during the 6-month study pe-
riod. All participants were asked to rec-
ord their daily steps (see below) and
complete monthly medical symptoms
questionnaire forms.

Exercise Training

We calculated the exercise energy ex-
penditure for women in the DREW age
range associated with meeting the con-
sensus public health recommendation
from the NIH and other organiza-
tions.10,11 We used data from seden-
tary women recruited for previous ex-
ercise trials conducted by our group,
and also from our large cohort
study.1,2,19,20 We estimated that the typi-
cal sedentary postmenopausal woman
who started an activity program and fol-
lowed the consensus public health rec-
ommendation would expend 8 kcal/kg
per week in the exercise program. De-
tails of these calculations are pre-
sented in the DREW design and meth-
ods report.18 A major objective of
DREW was to evaluate exercise levels
50% below and 50% above the current
public health recommendations to test
whether the lower dose provides any
benefit and whether the higher dose
provides proportionally more benefit
than the standard exercise levels of 8
kcal/kg per week. Thus, women were
assigned to either a nonexercise con-
trol group or to groups that expended
4, 8, or 12 kcal/kg per week.

Exercising women participated in 3
or 4 training sessions each week for 6
months with training intensity at the
heart rate associated with 50% of each
woman’s peak V̇O2. During the first
week, each group expended 4 kcal/kg.
Those assigned to that level continued
to expend 4 kcal/kg per week for 6
months. All the other groups in-
creased their energy expenditure by 1
kcal/kg a week until they reached level
required for their group. All exercise
sessions were performed under obser-
vation and supervision in an exercise
laboratory with complete and strict
monitoring of the amount of exercise
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completed in each session. Two exer-
cise training facilities were used in this
study: one in North Dallas and the other
in Oak Cliff (South Dallas), Tex. Par-
ticipants were weighed each week and
their weight was multiplied by their ex-
ercise dosage to determine the num-
ber of calories to be expended for the
week. Women in the exercise groups
alternated training sessions on semi-
recumbent cycle ergometers and tread-

mills. Adherence to exercise training
during the entire 6-month period was
calculated for each individual by divid-
ing the kilocalories expended during the
exercise training by the kilocalories pre-
scribed for the training period � 100%.

Outcomes

The primary outcome for assessing
change in fitness was peak absolute oxy-
gen consumption (V̇O2abs, L/min). Sec-

ondary fitness outcomes included peak
relative oxygen consumption (mL/kg
per minute; V̇O2rel) and peak power
output quantified in watts (Wpeak).
Maximal metabolic equivalent tasks
(METs) achieved during testing were
derived by dividing peak relative oxy-
gen consumption by 3.5 (1 MET is de-
fined as the energy expended at rest,
which is equivalent to body oxygen
consumption of 3.5 mL/kg per minute).

Figure 1. Participant Flow Diagram

102 Randomized to No Exercise 
Control Group

155 Randomized to Exercise 
4 kcal/kg per wk

104 Randomized to Exercise 
8 kcal/kg per wk

103 Randomized to Exercise 
12 kcal/kg per wk

6 Lost to Follow-up
3 No Contact
0 Dissatisfied With Group
2 Relocated
0 Injury
0 Time Commitment
1 Other

10 Lost to Follow-up
1 No Contact
3 Dissatisfied With Group
1 Relocated
0 Injury
5 Time Commitment
0 Other

14 Lost to Follow-up
1 No Contact
1 Dissatisfied With Group
0 Relocated
4 Injury
6 Time Commitment
2 Other

7 Lost to Follow-up
2 No Contact
1 Dissatisfied With Group
1 Relocated
0 Injury
2 Time Commitment
1 Other

464 Randomized

96 Completed Trial 96 Completed Trial90 Completed Trial145 Completed Trial

671 Eligible for Baseline Visit

1251 Eligible for Run-In Visits

1930 Eligible for Orientation Visit

4545 Women Screened

102 Included in Primary Analysis 155 Included in Primary Analysis 104 Included in Primary Analysis 103 Included in Primary Analysis

2615 Ineligible or Not Interested
481 Age or Postmenopausal Criteria

270 Too Active
631 Medical Exclusions
310 Declined or Other

924 Body Mass Index Out of Range

679 Excluded
76 Body Mass Index Out of Range

24 Unsafe or Unable to Exercise
516 Declined or Other

63 Use of Exclusionary Medication

580 Excluded
67 Too Active

6 Unsafe or Unable to Exercise
183 Declined or Other

324 Blood Pressure Out of Range

207 Excluded
32 Elevated Cholesterol Level

23 Declined or Other

152 Medical Exclusion Found
During Examination
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Fitness Testing
Fitness testing was conducted using a
Lode Excalibur Sport cycle ergometer
(Groningen, the Netherlands), an elec-
tronic, rate-independent ergometer.
Participants cycled at 30 W for 2 min-
utes, 50 W for 4 minutes, followed by
increases of 20 W every 2 minutes un-
til they could no longer maintain a pedal
cadence of 50 rpm. Respiratory gases
were measured using a Parvomedics
True Max 2400 Metabolic Measure-
ment Cart. Volume and gas calibra-
tions were conducted before each test.
Gas-exchange variables (V̇O2, CO2 pro-
duction, ventilation, and respiratory ex-
change ratio [RER]) were recorded ev-
ery 15 seconds. Heart rate was measured
directly from the electrocardiographic
monitoring system. Ratings of per-
ceived exertion were obtained using the
20-point Borg scale. Two fitness tests
were performed on separate days at
baseline and follow-up.

Daily Physical Activity
and Other Measures

To assess potential changes in nonsu-
pervised physical activity, all partici-
pants wore a step counter (Accusplit
Eagle, Japan) to record their daily steps.
Exercisers removed the step counter
during supervised exercise sessions.
Weight was measured on an elec-
tronic scale (Siemens Medical Solu-
tions, Malvern, Pa), and height was
measured using a standard stadiom-
eter. Smoking history and medication
use were assessed by a detailed ques-
tionnaire. Diet was assessed by the Food
Intake and Analysis System semiquan-
titative food frequency question-
naire.21 Blood pressure was measured
after a 30-minute rest period using a Co-
lin STBP-780 automated blood pres-
sure unit with participants in the re-
cumbent position. A minimum of 4
blood pressure measurements were
taken 2 minutes apart.

Participant Retention
and Adherence

To reduce participant dropout and
maintain adherence, several strategies
were used including a 2-week preran-

domization run-in period, behavioral
contracts, and consistent support from
staff members. Participants were reim-
bursed $150 ($75 each) for comple-
tion of baseline and follow-up assess-
ments. Participants could earn another
$350 in incentives based on adher-
ence. For the control group, adher-
ence was based on returning monthly
step-count forms and medical symp-
toms questionnaires. For each month
missed, $50 was deducted from the
$350 incentive. For the exercise groups,
the $350 was reduced by $50 for each
week of missed sessions beyond the
90% adherence target.

Although this incentive is a substan-
tial amount, it was considered appro-
priate because the study objective was
to evaluate the dose-response effects of
exercise. For this reason, excellent ad-
herence to both intervention and mea-
surement is necessary. If DREW were
testing the effectiveness of an exercise
intervention as a public health strat-
egy, such a payment would not be ap-
propriate. However, DREW was not
testing whether financial incentives en-
courage individuals to exercise; rather,
it was evaluating specific responses to
various doses of exercise.

Blinding

There were distinct and separate inter-
vention and assessment teams and all
assessment staff were blinded to par-
ticipant randomization assignment. The
exercise testing and exercise training
laboratories were on separate floors of
the building. We regularly reminded
participants not to discuss their ran-
domization assignments with assess-
ment team members.

Randomization

Eligible participants were randomly as-
signed after completing run-in and
baseline assessments. The randomiza-
tion sequence was computer gener-
ated. The sequence was determined
from randomly permuted blocks of
equal length with fixed numbers of
treatment allotments each, to balance
treatment enrollments over time. Ran-
domization was implemented with

treatment assignment letters placed into
sequentially numbered, opaque enve-
lopes sealed by the statistician.18

Statistical Analysis

Statistical power considerations were re-
ported previously.18 The calculations as-
sumed 10% of participants would drop
out over 6 months and 15% of partial
adherers who would gain half the ben-
efit of fully adherent exercisers. Extra
participants were allotted to the
4-kcal/kg per week condition to in-
crease power for smaller anticipated fit-
ness gains in this group. Statistical
power was estimated to range from 85%
to 99% for detecting fitness increases
ranging from 7% to 15% tested at 5%
significance and 97% for testing a lin-
ear dose-response trend across exer-
cise levels.

We anticipated reductions of 5, 7,
and 9 mm Hg in systolic blood pres-
sure at 6 months across the 3 increas-
ing dose levels and a change score SD
of 9 mm Hg. We computed the statis-
tical power to be 0.84 for the 4-kcal/
kg, 0.98 for the 8-kcal/kg, and 0.99 for
the 12-kcal/kg per week groups for sig-
nificant reductions in systolic blood
pressure compared with those in the
control group. The test for a signifi-
cant dose response trend across the 3
exercise groups has power of 85%.

Fitness was defined as the mean of
2 exercise test assessments at both base-
line and 6 months. The reproducibil-
ity of the 2 fitness tests (V̇O2abs) was
examined and characterized by an in-
traclass correlation of 0.88 at both base-
line and follow-up testing. Mean sys-
tolic and diastolic blood pressures were
calculated from all available measures
(�3) with the first measured value dis-
carded. Descriptive baseline character-
istics of groups were tabulated as mean
(SDs) or as percentages but were not
tested for differences. Mean step data
were calculated per month for each
group. Between-group differences were
tested using analysis of covariance with-
out adjustment and within-group dif-
ferences were tested using t tests.

Differences in primary and second-
ary outcomes among the randomiza-
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tion groups were tested by analysis of
variance with adjustment for select pre-
specified covariates. For statistically sig-
nificant analyses of variance (P�.05), all
pairwise comparisons among the groups
were tested using Tukey studentized
range adjustment. Results are pre-
sented as adjusted least-squares means
with confidence intervals (CIs). We de-
fined elevated systolic blood pressure as
140 mm Hg or higher and calculated the
prevalence of elevated systolic blood
pressure in each randomization group at
baseline and follow-up. Between-group
differences at baseline and follow-up in
prevalence were examined using �2 tests
and within-group differences in preva-
lence of elevated systolic blood pres-
sure between baseline and follow-up
were examined using the McNemar test.

Subgroup analyses compared dose-
response effects across predefined base-
line groups with significance of inter-
actions assessed by the multiple
regression. We conducted all analyses
using the intent-to-treat principle; if the
outcome value was missing for the par-
ticipant, we inserted the baseline value
for that outcome (ie, last observation
carried forward). For exploratory pur-
poses, all fitness outcomes were tested
using only available data, without using
baseline values carried forward for miss-
ing follow-up data. There were no sub-
stantive differences in any of the fit-
ness outcomes findings compared with
the analyses with baseline values car-
ried forward; therefore, only the pri-
mary analyses are presented. All re-
ported P values are 2-sided. All analyses
were performed using SAS version 9.0
(SAS Institute Inc, Cary, NC).

RESULTS
Of the 464 randomized participants,
427 returned for follow-up testing
(92.0%). The return for follow-up
across groups ranged from 86.5% to
94.1% (Figure 1). The 4 individuals
who dropped out of the study because
of injury were in the 8-kcal/kg per week
group. Of those 4 injuries, one was an
acute job-related injury that pre-
vented exercise; the other 3 had pre-
existing conditions (chronic back pain,

torn knee ligament, and arthritis of
knee) exacerbated by exercising.

As summarized in TABLE 1, the mean
(SD) age of the study population was
57.3 (6.4) years; the mean (SD) edu-
cational achievement was 14.0 (2.1)
years; and the mean (SD) body mass in-
dex was 31.8 (3.8). About 35% were
nonwhite. Although the mean (SD)
baseline systolic blood pressure was
high (139.8 [12.9]) in our sample, base-
line low-density lipoprotein choles-
terol, high-density lipoprotein choles-

terol, triglyceride, and fasting glucose
levels were within acceptable clinical
ranges. Despite a mean (SD) respira-
tory exchange ratio of 1.13 (0.07) sug-
gesting that maximal effort was ob-
tained during exercise testing, the mean
V̇O2abs and V̇O2rel values were very low
at 1.30 (0.25) L/min and 15.5 (2.8)
mL/kg per min, respectively, document-
ing a very low-fit group at baseline.

TABLE 2 presents the exercise train-
ing data excluding the initial ramping
period for all individuals with fol-

Table 1. Baseline Participant Characteristics*

Characteristics
All

(N = 464)
Control
(n = 102)

Exercise Groups

4 kcal/kg
(n = 155)

8 kcal/kg
(n = 104)

12 kcal/kg
(n = 103)

Age, mean (SD), y 57.3 (6.4) 57.2 (5.8) 57.7 (6.6) 57.3 (6.6) 56.6 (6.6)

Education, mean (SD), y 14.0 (2.1) 14.0 (2.0) 13.8 (2.0) 14.4 (2.0) 14.0 (2.3)

Ethnicity/race, No (%)
White 299 (64.5) 67 (65.7) 94 (60.6) 63 (60.6) 75 (72.8)

African American 137 (29.5) 25 (24.5) 52 (33.6) 34 (32.7) 26 (25.3)

Hispanic or other 28 (6.0) 10 (9.8) 9 (5.8) 7 (6.7) 2 (1.9)

Current cigarette smoking, No (%) 25 (5.3) 5 (4.9) 9 (5.8) 4 (3.9) 7 (6.8)

Medication use, No. (%)
Blood pressure 132 (28.6) 25 (24.8) 42 (27.1) 33 (32.0) 32 (31.1)

Cholesterol 76 (16.5) 16 (15.8) 31 (20.0) 17 (16.5) 12 (11.7)

Thyroid 71 (15.4) 16 (15.8) 19 (12.2) 16 (15.5) 20 (19.4)

Antidepressant 84 (18.2) 18 (17.8) 29 (28.7) 18 (17.5) 19 (18.4)

Current hormone therapy 209 (45.0) 52 (51.0) 67 (43.2) 44 (42.3) 46 (44.6)

Energy intake, mean (SD), kcal/d 2238 (973) 2238 (961) 2184 (962) 2251 (966) 2306 (1019)

Cardiovascular disease factors,
mean (SD), mg/dL

Cholesterol
Low-density lipoprotein 118.3 (26.3) 118.5 (26.5) 117.1 (26.9) 117.9 (25.2) 120.5 (26.3)

High-density lipoprotein 57.4 (14.6) 57.3 (15.3) 57.9 (14.6) 56.7 (15.0) 57.6 (13.7)

Triglycerides 129.5 (63.4) 133.3 (67.8) 130.0 (59.1) 129.9 (58.5) 124.6 (70.0)

Fasting glucose 95.0 (9.1) 96.3 (10.3) 94.4 (8.6) 94.5 (9.2) 95.1 (8.4)

Blood pressure, mean (SD), mm Hg
Systolic 139.8 (12.9) 141.8 (12.0) 139.1 (13.1) 140.0 (13.3) 138.3 (12.8)

Diastolic 81.0 (8.4) 81.1 (7.8) 81.0 (9.0) 81.1 (8.2) 80.8 (8.6)

Anthropometrics, mean (SD)
Weight, kg 84.5 (11.9) 85.9 (12.4) 83.7 (11.3) 85.1 (12.8) 83.9 (11.2)

Body mass index* 31.8 (3.8) 32.3 (3.9) 31.6 (3.8) 32.1 (4.1) 31.3 (3.6)

Body fat, % 28.8 (4.8) 30.7 (5.4) 27.5 (4.0) 29.0 (4.8) 28.6 (4.8)

Waist circumference, cm 100.9 (11.7) 102.6 (11.9) 100.0 (11.1) 101.5 (12.4) 99.6 (11.7)

Exercise test variables, mean (SD)
Maximal heart rate, beats/min 151.2 (16.4) 150.2 (16.4) 150.6 (17.1) 151.2 (15.3) 153.1 (16.6)

Respiratory exchange ratio 1.13 (0.07) 1.12 (0.06) 1.13 (0.08) 1.13 (0.07) 1.14 (0.07)

Peak absolute V̇O2, L/min 1.30 (0.25) 1.33 (0.27) 1.29 (0.24) 1.26 (0.24) 1.33 (0.24)

Peak relative V̇O2, mL/kg
per minute

15.5 (2.8) 15.6 (2.9) 15.5 (2.9) 14.9 (2.4) 16.0 (2.9)

Maximal power output, W 94.7 (20.9) 96.1 (22.0) 93.8 (20.3) 91.4 (20.7) 98.0 (20.8)
Abbreviation: V̇O2, volume of oxygen consumed.
SI conversions: To convert low-density lipoprotein and high-density lipoprotein cholesterol to mmol/L, multiply by 0.0259;

triglycerides to mmol/L, multiply by 0.0113; and fasting glucose to mmol/L, multiply by 0.0555.
*Calculated as weight in kilograms divided by height in meters squared.
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low-up testing data. This represents 6
months of data for the 4-kcal/kg per
week group, the last 5 months for the
8-kcal/kg per week group, and the last
4 months for the 12-kcal/kg per week
group. The 4-kcal/kg per week exer-

cise group obtained a mean (SD) 72.2
(12.3) minutes per week over 2.6 (0.3)
sessions; the 8-kcal/kg per week group,
135.8 (19.5) minutes per week during
2.8 (0.4) sessions; and the 12-kcal/kg
per week group, 191.7 (33.7) minutes
per week during 3.1 (0.5) sessions. The
average METs during the cycle ergom-
eter training was similar across groups
at approximately 3.8. During the tread-
mill training, the mean (SD) METs were
3.1 (0.6) for the 4-kcal/kg, 3.3 (0.6) for
the 8-kcal/kg, and 3.5 (0.8) for the 12-
kcal/kg groups.

Exercise adherence across random-
ization groups, defined as the percent-
age of expended calories with respect
to prescribed expended calories for the
entire 6-month intervention period,
ranged from a low of 89.0% in the
8-kcal/kg group to a high of 94.6% in
the 4-kcal/kg group when all partici-
pants were examined. The adherence
increased to more than 97% for all
groups when only study completers
were examined. Adherence rates did not
differ significantly across treatment
groups, age groups, or various racial/
ethnic groups.

As depicted in FIGURE 2, at baseline
all randomization groups had similar
mean daily steps of approximately 5000
(range, 4741-5039). Compared with
baseline, all groups had higher mean
daily steps at month 1 with a range of
5291 to 5377 steps for the 3 exercise

groups and a mean value of 6063 for
the control group (P�.05 for each vs
baseline). Furthermore, at month 1 the
control group had more steps per day
than the 3 exercise groups (P�.05 for
each). However, by the fifth and sixth
months, there were no statistically sig-
nificant differences in the 4 groups. For
the 3 exercise groups, there was no dif-
ference in mean daily steps for months
1 through 6.

TABLE 3 presents the primary and
secondary outcome measures after in-
tervention. All values represent the ad-
justed least-squares means. All mea-
sures were adjusted for baseline value,
age, and ethnicity/race. The fitness mea-
sures were adjusted for baseline weight
and maximal heart rate at baseline and
follow-up testing. For all 3 fitness mea-
sures, each exercise dose had a signifi-
cantly higher value than the control at
follow-up (P�.001 for each). Further-
more, the linear trend across exercise
groups was significant (P�.001) for all
3 measures of fitness. There were no dif-
ferences in weight or body fat percent
across the groups at follow-up but waist
circumference was significantly smaller
in all 3 exercise groups compared with
the control group (P�.05 for each).
There was no difference in any of the
CVD risk factors across groups at fol-
low-up. The mean (SD) energy intake
at follow-up was 1970 (791) for the
control group and 1879 (727) for the
4-kcal/kg, 2041 (937) for the 8-kcal/
kg, and 1960 (803) for the 12 -kcal/kg
per week groups, with P=.56 for be-
tween-group differences.

TABLE 4 presents the changes in
blood pressure variables and blood pres-
sure medication use. In an analysis ad-
justed for baseline value, age, ethnicity/
race, change in weight, and blood
pressure medication use, the analysis
of variance was significant for systolic
blood pressure (P=.03), but the only
between-group difference was found in
comparing the 4-kcal/kg per week
group with the 12-kcal/kg per week
group (P=.02). None of the exercise
groups had significant changes in sys-
tolic blood pressure compared with the
control group. The only significant

Figure 2. Mean Steps per Day During Study
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The mean steps calculations do not include steps ac-
cumulated during supervised exercise. The upper er-
rors bars indicate 95% confidence intervals for the con-
trol group and the lower error bars for the 4-kcal/kg
per week group. At baseline there were no differ-
ences in groups. All groups had a significant increase
in steps from baseline to month 1 (P�.05 for each).
At months 1, 2, 3, and 4, the control group had a
greater number of steps than 1 or more of the exer-
cise groups (P�.05 for each), but by months 5 and 6,
there were no differences between any groups.

Table 2. Descriptive Training Data for Individuals Who Completed the Exercise Intervention*

Exercise Groups

4 kcal/kg 8 kcal/kg 12 kcal/kg

Prescribed energy expenditure,
kcal/wk†

335 (45) 681 (102) 1006 (132)

Time exercise, min/wk‡ 72.2 (12.3) 135.8 (19.5) 191.7 (33.7)

Average METs per session‡
Cycle ergometer 3.8 (0.4) 3.8 (0.3) 3.9 (0.4)

Treadmill 3.1 (0.6) 3.3 (0.6) 3.5 (0.8)

Sessions/wk‡ 2.6 (0.3) 2.8 (0.4) 3.1 (0.5)

6-mo adherence, %
All 94.6 (16.6) 89.0 (25.6) 93.3 (20.3)

Completers 98.0 (8.4) 97.8 (7.7) 97.4 (11.0)
Abbreviation: METs, metabolic equivalents (1 MET = 3.5 mL O2 uptake/kg per minute).
*All data are presented as mean (SD).
†Data for all participants and based on baseline weight.
‡Data for all individuals who completed the intervention. Data are for exercise training period excluding the initial ramp-

ing period which represents 6 months of data for the 4-kcal/kg, 5 months for the 8-kcal/kg, group, and 4 months for
the 12-kcal/kg week groups. Adherence was calculated for each individual by dividing the kilocalories expended
during the 6-month exercise training by the kilocalories prescribed for the training period � 100%.
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within-group change (−3.3 mm Hg) in
blood pressure was found in the 12-
kcal/kg per week group (P = .003).
There were no significant between-
group differences in diastolic blood
pressure.

The results were similar when the
study population was limited to indi-
viduals who did not change blood pres-
sure medications during the study and
when limited to those who did not use
blood pressure medications during the
study. Although there were no signifi-
cant between-group differences in the
prevalence of systolic blood pressure of
140 mm Hg or higher at baseline or fol-
low-up, in both the control (54.9% vs
43.1%, P=.05) and the 12-kcal/kg per
week (48.5 vs 36.9%, P=.01) groups,
the prevalence at follow-up was signifi-
cantly lower than at baseline. There was
no statistically significant (P=.07) dif-
ference in changes in blood pressure
medication use across the randomiza-
tion groups.

FIGURE 3 summarizes the percent
change for mean V̇O2abs, V̇O2rel, and
Wpeak. All values represent the least-
squares means adjusted for age, eth-
nicity/race, weight, and peak heart rate.
Compared with the control group, the
V̇O2abs increased by 4.2% in the 4-kcal/
kg, 6.0% in the 8-kcal/kg, and 8.2% in
the 12-kcal/kg per week groups. Per-
cent change across groups was similar
for V̇O2rel: 4.7% for the 4-kcal/kg, 7.0%
for the 8-kcal/kg, and 8.5% for the 12-
kcal/kg per week groups. Compared to
the control groups, peak power out-
put (in Wpeak) increased by 7.6% in
the 4-kcal/kg, 10.7% in the 8-kcal/kg,
and 12.9% in the 12-kcal/kg per week
groups. P values for pairwise compari-
sons of control with the each exercise
group were significant (P�.001) for
each measure of fitness. Linear trends
across exercise groups were signifi-
cant (P�.001) for all 3 measures of fit-
ness.

FIGURE 4 depicts the change in fit-
ness across exercise groups within the
subgroups of age, body mass index,
weight, baseline V̇O2abs, ethnicity/
race, and baseline hormone therapy use.
The data points represent the least

squares mean change by subgroup and
treatment condition adjusted for base-
line V̇O2abs, age, ethnicity/race, weight,

and peak heart rates. None of the P val-
ues for the treatment�subgroup in-
teractions were significant, suggesting

Table 3. Primary and Secondary Outcome Measures After Intervention*

Characteristics
Control
(n = 102)

Exercise Groups

P
Value†

4 kcal/kg
(n = 155)

8 kcal/kg
(n = 104)

12 kcal/kg
(n = 103)

Fitness variables
Peak absolute V̇O2, L/min 1.28 (0.01) 1.33 (0.01) 1.35 (0.01) 1.39 (0.01) �.001‡

Peak relative V̇O2, mL/kg per min 15.5 (0.13) 16.2 (0.11) 16.4 (0.13) 16.8 (0.13) �.001§

Maximal power output, W 93.4 (0.9) 99.6 (0.7) 101.2 (0.9) 105.4 (0.9) �.001‡

Anthropometrics
Weight, kg 83.7 (0.3) 83.3 (0.3) 82.9 (0.3) 83.3 (0.3) .39

Body fat, % 29.8 (0.5) 28.1 (0.4) 28.3 (0.5) 28.6 (0.5) .08

Waist circumference, cm 101.2 (0.7) 98.1 (0.5) 98.6 (0.7) 98.2 (0.7) .002�

Cardiovascular disease risk factors
Cholesterol

LDL 122.3 (2.0) 121.3 (1.6) 119.3 (2.0) 120.2 (2.0) .71

HDL 57.2 (0.7) 57.2 (0.6) 57.1 (0.7) 56.0 (0.7) .56

Triglycerides 135.2 (6.1) 122.7 (4.9) 126.0 (6.0) 132.9 (6.1) .35

Fasting glucose 95.8 (0.7) 94.0 (0.6) 93.6 (0.7) 93.4 (0.7) .05
Abbreviations: HDL, high-density lipoprotein; LDL, low-density lipoprotein; V̇O2, volume of oxygen consumed.
SI conversions: To convert LDL and HDL to mmol/L, multiply by 0.0259; triglycerides to mmol/L, multiply by 0.0113; fast-

ing glucose to mmol/L, multiply by 0.0555.
*Values are expressed as fitted mean (SE) and all are adjusted for baseline value, age, and ethnicity/race with the fitness

variables also adjusted for baseline weight and maximum heart rate during exercise testing at baseline and follow-up.
†P values for difference between groups, determined by analysis of variance. For a given outcome measure when the analy-

sis of variance (last column) was statistically significant (P�.05), all pairwise comparisons among groups were tested for
statistical significance using Tukey studentized range test. Pairwise comparisons that were significantly different from
one another are indicated in the following footnotes.

‡All pairwise comparisons significant except 4-kcal/kg vs 8-kcal/kg per week groups.
§All pairwise comparisons were statistically significant except 4-kcal/kg vs 8-kcal/kg per week groups and 8-kcal/kg vs

12-kcal/kg per week groups.
�All exercise groups were statistically significant vs control, but no significant differences existed between any exercise groups.

Table 4. Change in Blood Pressure Variables and Blood Pressure Medication Use*

Characteristics
Control
(n = 102)

Weekly Energy Expenditure

P
Value†

4 kcal/kg
(n = 155)

8 kcal/kg
(n = 104)

12 kcal/kg
(n = 103)

Change in blood pressure,
mean (SE), mm Hg

Systolic −1.7 (1.1) 0.8 (0.9) −1.0 (1.1) −3.3 (1.1)† .03

Diastolic −0.5 (0.6) 0.9 (0.5) 0.1 (0.6) −0.4 (0.6) .29

Systolic blood pressure �140 mm Hg,
No. (%)‡

Baseline 56 (54.9) 74 (47.7) 53 (51.0) 50 (48.5) .70

Follow-up 44 (43.1) 74 (47.7) 44 (42.3) 38 (36.9) .39

P value .05 �.99 .09 .01

Changes in blood pressure medication
use during study, No. (%)§

No change 83 (94.3) 125 (94.0) 75 (88.3) 78 (87.6)

Started 2 (2.3) 5 (3.8) 8 (9.4) 3 (3.4) .07

Discontinued 3 (3.4) 3 (2.3) 2 (2.3) 8 (9.0)
*Values are expressed as fitted mean (SE) adjusted for baseline value, age, ethnicity/race, and change in weight, blood

pressure medication use at baseline and follow-up. P values are for group differences assessed by �² tests and column
P values are for within group differences assessed by the McNemar test. Row P values are for differences between groups,
determined by analysis of variance. For a given outcome measure when the analysis of variance (last column) was sta-
tistically significant (P�.05), all pairwise comparisons among groups were tested for statistical significance using Tukey
studentized range test. The pairwise comparison that was significantly different is indicated in the following footnotes.

†12 kcal/kg vs 4-kcal/kg per week, P = .02.
‡Column P values are for group differences assessed by �² tests and row P values are for within-group differences as-

sessed by the McNemar test.
§The number of participants were 88 in the 4-kcal/kg, 133 in the 8-kcal/kg, and 85 in the 12-kcal/kg per week groups and

89 in the control group. P value is for differences assessed by Fisher exact test.
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that the change in fitness across train-
ing groups was similar in all these sub-
groups.

COMMENT
The primary finding from this prospec-
tive, randomized, controlled exercise
trial in postmenopausal women is a
strong (P�.001) dose-response rela-
tion between the amount of exercise
and change in fitness. This finding
seems logical, but few reports in the lit-
erature from adequately powered stud-
ies with a tightly controlled exercise
dose have evaluated the activity-
fitness dose-response relation. Numer-
ous randomized clinical trials support
that accumulating at least 30 min/d of
moderate-intensity physical activity on
at least 5 days of the week, consistent
with the 8-kcal/kg per week group in
our study, has a beneficial effect on nu-
merous physiological and clinical vari-
ables.10,11 Observational population-
based studies indicate that this same
activity dose is associated with a re-
duced risk of several chronic diseases
and with increased longevity.22-25

Perhaps the most striking finding of
our study is that even activity at the
4-kcal/kg per week level (approxi-
mately 72 min/wk) was associated with
a significant improvement in fitness
compared with women in the nonex-
ercise control group. The group exer-

Figure 3. Percent Change in Fitness Data for Each Study Group
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The data represent the least-squares means adjusted for age, ethnicity/race, weight, and peak heart rate. The P values for pairwise comparisons of control with 4-kcal/
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Figure 4. Change in Peak Absolute Oxygen Uptake for Each Exercise Group
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cising at 150% of the recommenda-
tion (12-kcal/kg per week) had a
proportionally greater increase in fit-
ness as compared with those in the
8-kcal/kg per week group. These im-
provements in fitness occurred at a
modest training intensity (heart rate at
50% of peak V̇O2) and occurred dur-
ing a time in the lifespan when fitness
is decreasing at 1% to 2% per year.17 As
demonstrated by the low dropout rate
and excellent adherence in all exer-
cise groups to the 6-month caloric ex-
penditure target in our study, the ex-
ercise prescriptions used in the DREW
study were well managed by partici-
pants.

In terms of public health impor-
tance, surveys continue to show that
nearly all individuals understand that
there are health benefits associated with
physical activity, yet approximately 1
in 5 US adults report no physical ac-
tivity at all.16,26,27 The major reason given
for not engaging in more activity is lack
of time.28-30 For many years, the pri-
mary view of how much activity is
enough focused on vigorous activities
conducted within an exercise training
model. This view began to change in the
mid-1990s with the development of the
NIH consensus recommendation and
other reports mentioned earlier.10,11 The
recommendation to obtain at least 30
minutes a day of moderate intensity
physical activity most days of the week
has been called into question by re-
cent reports, which emphasize the need
for physical activity of 60 minutes or
more a day to prevent weight gain or
re-gain after weight loss.31,32

Data presented in our study show
that even 72 minutes of moderate-
intensity physical activity per week ac-
cumulated over about3 days has a sig-
nificant effect on fitness in previously
sedentary postmenopausal women. This
information can be used to support fu-
ture recommendations and should be
encouraging to sedentary adults who
find it difficult to find the time for 150
minutes of activity per week, let alone
60 minutes per day. We emphasize that
we do not recommend that the public
health recommendation for physical ac-

tivity be lowered to less than 150 min-
utes a week. However, our results
should be considered, along with other
new evidence on exercise dose, when
revised public recommendations are de-
veloped.

The mean daily step data across the
entire study provided novel insight into
the physical activity behavior of previ-
ously sedentary individuals who have
begun a structured exercise program.
It has been suggested that some indi-
viduals who increase structured exer-
cise compensate by reducing nonexer-
cise activity, particularly if the exercise
program is time consuming. In con-
trast, it has been hypothesized that ini-
tiation of a structured exercise pro-
gram may make a person feel more
energetic, which could result in in-
creased nonrexercise activity. We ob-
served neither of these 2 situations, for
each exercise group had no change in
mean daily steps during the 6 months
of exercise training, suggesting that at
least in the context of a supervised ex-
ercise trial, there is minimal link be-
tween participation in a structured ex-
ercise program and nonexercise daily
physical activity levels.

Our study had a large proportion of
nonwhite participants (primarily Afri-
can American). Both the shape of dose-
response relation and magnitude of
change in fitness were similar be-
tween nonwhite participants and white
participants. This suggests that for a
given dose of physical activity, there are
no important differences in fitness re-
sponses between ethnic/racial groups.
In addition, we found the physical ac-
tivity-fitness dose-response relation to
be similar across age, weight, baseline
fitness, and hormone therapy sub-
groups, providing further evidence that
regular physical activity has similar ben-
efits across a variety of individuals.

Despite the changes in fitness that we
observed, there were no substantial
changes in many of the CVD risk fac-
tors or weight. However, given the clini-
cally normal baseline levels of low-
density lipoprotein cholesterol,
triglyceride, and fasting glucose levels
and the high level of high-density li-

poprotein cholesterol, it is not surpris-
ing that we did not observe change in
these variables. Furthermore, we ob-
served no changes in weight or body fat
percentage, which was expected be-
cause this study was not a weight loss
trial and the participants were fre-
quently informed that the objective was
not weight loss and were encouraged
to keep other lifestyle habits consis-
tent from baseline throughout the
study.

However, we did observe a decrease
in waist circumference. It is well docu-
mented that exercise without dietary in-
tervention has limited effectiveness in
producing substantial weight loss. It is
of clinical significance that despite no
differences in weight across groups, all
exercise groups had a reduction in waist
circumference compared with con-
trols. This finding confirms the work
of others who have suggested that ex-
ercise is an effective tool in reducing
waist circumference even without sub-
stantial weight loss.33 The reduction of
waist circumference is of particular
clinical importance given the in-
creased risk of insulin resistance, dia-
betes, metabolic syndrome, and mor-
tality associated with excess abdominal
adiposity.34-36

The lack of graded dose-response sys-
tolic blood pressure changes across the
exercise groups is unexpected but con-
sistent with the findings of other large
exercise and blood pressure studies that
have reported exercise training to have
minimal benefit to systolic blood pres-
sure.37,38 In a recent report with a simi-
lar study population, Stewart et al38 re-
ported that in 55- to 75-year-old men
and women (n=104) with untreated el-
evated blood pressure, 6 months of su-
pervised exercise did not reduce sys-
tolic blood pressure. Stewart et al
observed a 5.3-mm Hg reduction in sys-
tolic blood pressure in the exercise
group, but similar to our study, they
also reported a reduction of systolic
blood pressure in the control group
(−4.5 mm Hg), which likely pre-
vented detection of any between-
group significant differences. The −3.3
mm Hg decrease in systolic blood pres-
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sure in the 12-kcal/kg per week group
in our study is similar in magnitude to
exercise associated change in systolic
blood pressure reported in meta-
analyses by Cornelissen and Fagard39

(−3.0 mm Hg) and by Whelton et al40

(−3.8 mm Hg).
There are several possible reasons

exercise training did not induce sig-
nificant improvements in blood pres-
sure in this population. The training
intensity may have been too low and
training at higher intensity may have
generated a greater blood pressure
response. There was no substantial
weight loss associated with the exer-
cise training, which may have blunted
the benefits to blood pressure. Aging
is associated with a loss of arterial elas-
ticity and a subsequent increase in sys-
tolic blood pressure that may not be
reversible in the short term by exercise
alone.41 These findings should not
dampen the enthusiasm for recom-
mending physical activity for individu-
als with elevated blood pressure. We
previously reported that obtaining at
least moderate levels of fitness is asso-
ciated with lower risk for all-cause and
cardiovascular disease mortality both
in individuals with elevated blood
pressure and in those with a diagnosis
of hypertension.42

Strengths and Limitations

Among the strengths of the DREW
study is that it is an efficacy study, using
a tightly controlled exercise dose, with
all exercise completed in the labora-
tory and extensive monitoring of exer-
cise energy expenditure, heart rate, and
steps taken outside of the structured ex-
ercise prescription. With the efficacy of
the exercise dose-response demon-
strated in DREW, it will be feasible to
conduct effectiveness studies to evalu-
ate the extent to which the findings can
be generalized. To our knowledge,
DREW is the largest single-center, con-
trolled efficacy trial of exercise dose-
response in women. Moreover, the
study participants had excellent exer-
cise adherence and a low dropout rate.
Monitoring of steps per day through-
out the 6-month period indicates that

outside physical activity remained con-
stant throughout the trial for all exer-
cise groups, thus ensuring that ob-
served group differences were due to the
prescribed exercise dose. Further-
more, the exercise doses, including in-
tensity, are easily obtainable and are
well managed by sedentary women; this
has important public health implica-
tions for refining physical activity rec-
ommendations in the future.

The DREW study has limitations be-
cause its sample is limited to seden-
tary, overweight or obese postmeno-
pausal women at moderately high risk
of CVD. Thus, we do not know if the
results will apply to other women or
men. However, the study sample is a
group that is likely to benefit from ex-
ercise training and represents a size-
able proportion, probably a majority,
of US women in the age range of 45 to
75 years. The purpose of DREW was
primarily to evaluate exercise dose-
response, and it was conducted in near
ideal circumstances, with relatively mo-
tivated women, well-trained person-
nel, extensive efforts to ensure adher-
ence, and a well-equipped exercise
facility. All maximal exercise tests took
place on a cycle ergometer, which was
used to reduce staff burden associated
with testing, decrease the risk of fall-
ing during testing, and improve qual-
ity of exercise blood pressure mea-
sures. Observations from previous
studies and our own experiences sug-
gest that cycle ergometer tests are bet-
ter tolerated than treadmill tests by un-
fit participants. However, most of the
literature on exercise and V̇O2max, both
from observational and intervention
studies, report on fitness assessed by
treadmill tests, which complicates com-
parison of DREW data with other re-
ports. Noncycling men and women tend
to have lower V̇O2max on cycle ergom-
eter vs treadmill.43,44

CONCLUSIONS
In this study of previously sedentary,
overweight or obese postmenopausal
women, there was a graded dose-
response in change in fitness across lev-
els of exercise training. The dose-

response training effect was similar
across subgroups based on age, weight,
baseline fitness, and ethnicity.
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