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We compared the effects of one vs two daily bouts of walk-
ing on aerobic fitness and body composition in post-
menopausal women. One hundred and thirty-four subjects
were randomized into exercise groups or a control group
and 130 completed the study. The subjects walked 5 d/
week for 15 weeks at 65% of their maximal aerobic power
expending 300 kcal (1255kJ) in exercise in one (Group
S1) or two daily sessions (Group S2). VO,,,.« Was meas-
ured in a direct maximal treadmill test. Body mass index
(BMI) was calculated and the percentage of body fat

(fat%) estimated using skinfold measurements. The net
change in the VO,,,,, was 2.5mL min/kg (95% CI 1.5, 3.5)
(8.7%) in Group S1 and 2.5mL min/kg (95% CI 1.5, 3.5)
(8.8%) in Group S2. The net change in body mass was —1.2
kg (95% CI-1.9, —0.5) in Group S1 and —1.1kg (95% CI
—1.8, —0.4) in Group S2. The net fat% change was —2.1%
(95% CI1-2.7, —1.4) in Group S1 and —1.7% (95%
CI-2.3, —1.0) in Group S2. Exercise improved the maxi-
mal aerobic power and body composition equally when
walking was performed in one or two daily bouts.

The latest exercise recommendation of the American
College of Sports Medicine (ACSM) (1998) states that
adults should exercise 3-5 d/week at 40/50-80% of
their maximum oxygen uptake reserve continuously
for 20-60 min or accumulate the same amount of exer-
cise in several daily bouts, for a minimum of 10min,
and expend 700-2000 kcal (2929-8368 kJ) weekly to
gain positive effects on aerobic fitness and body com-
position (ACSM, 1998). The trend of exercise guide-
lines has been towards more frequent and more moder-
ate exercise and also towards daily accumulation of ex-
ercise.

The theory of exercise accumulation is based mainly
on epidemiological evidence. Only four randomized,
controlled intervention studies (Ebisu, 1985; Jakicic
et al., 1995; Murphy & Hardman, 1998; Woolf-May et
al., 1999) with a total of 212 subjects support it. Some
researchers regard the accumulation aspect of the
latest ACSM exercise recommendations to be still
speculative, because of sparse data (Barinaga, 1997;
Hardman, 1999). More randomized, controlled dose—
response studies with a sufficient amount of subjects in
all age groups are clearly needed. There are no pub-
lished studies on the accumulation hypothesis in post-
menopausal women.

We conducted a randomized, controlled trial to com-
pare the effects of equivolume brisk walking, once or
twice a day, on aerobic fitness and body composition
on 134 post-menopausal women. According to our hy-

pothesis, both exercise groups should show similar and
significant improvements in relation to a control

group.

Material and methods
Design

The study was a randomized, controlled trial with three parallel
groups: one (S1), two (S2) and no (C) daily walking sessions.
The outcome measures were changes in maximal aerobic power,
submaximal cardiorespiratory fitness and body composition.
The study plan was approved by the Research Ethics Commit-
tee of the UKK Institute for Health Promotion Research. All
the subjects gave their written informed consent.

Participants

The participants were recruited through an announcement in
the local newspaper. A total of 700 subjects responded and 134
subjects fulfilled all the eligibility criteria and were accepted
(Fig. 1).

The eligibility criteria were that the subjects were (1) fe-
male, and that at the time of the onset of the study should
be (2) 2-10years past the onset of menopause, (3) 48-63 years
of age (4), no chronic diseases, (5) no regular medication, (6)
non-smokers, (7) body mass index (BMI)<32kg/m, (8)
resting blood pressure < 160/100mmHg measured after 5min
bedrest, (9) not engaged in physically strenuous work or reg-
ular brisk leisure-time exercise more than once a week and
(10) willing to continue previous diet and physical activity
habits in addition to the exercise requirements of the study
group. An equal number of women on hormone replacement
therapy (HRT) and women without HRT were accepted.
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Newspaper announcement and telephone interview,
700 subjects

v
400 excluded
- out of age-range
- obese
- poor health
- too much exercise
- not willing

v
300 included

Screening by questionnaire, 300 subjects

v
64 excluded
- poor health
- too much exercise
- not post-menopausal
- not willing

v
236 included

Screening by medical examination, 236 subjects

v
85 excluded
- high blood pressure
- obesity
- history of palpitation or chest pain
- knee arthritis
- psychosocial problems
- too much exercise
- not willing

v
151 included

Screening by submaximal exercise test of 151 subjects

v v
145 included 6 excluded
- severe arrthythmia
- excessive ST-depression
- excessive rise in blood pressure
- obesity with poor coordination

Maximal exercise test of 145 subjects

v v

134 included 11 excluded

- started strenous exercise

- started antihypertensive medication
- knee pain

- moved to another town

- not willing

134 were elected as study subjects

Fig. I. Recruitment process.

Randomization

The HRT users and non-users were randomized separately in
blocks of 15 subjects into the three groups, each including an
approximately equal number of HRT users and non-users. The
procedure yielded 46, 43 and 45 subjects in Groups S1, $2 and
C, respectively (Fig.2). The baseline characteristics of the sub-
Jects are shown in Tablel. The age range was 47-64 years,
weight range 50-93kg and BMI range 19-32.

Exercise intervention

The exercise program was planned according to the principles
of the ACSM (1998) recommendation. The frequency of exer-
cise was 5 d/week, the intensity 65% of the VO, and the
weekly exercise volume 1500 kcal (6276kJ). Daily training was

100

Table 1. Baseline characteristics of the subjects, means and standard de-
viations (SD)

C S1 S2
N 45 46 43
Age, years 56.5 (4.2) 57.8 (4.4) 57.6 (4.2)
Years from menopause 5.8 (2.0) 6.0 (2.2) 6.0 (1.8)
Weight, kg 67.0 (8.5) 67.6 (8.2) 67.9 (8.5)
BMI, kg/m 25.7 (2.8) 25.8 (2.7) 25.9 (2.8)
F percentage 37.2 (4.5) 36.9 (4.4) 37.1 (4.9)
V0, max, mi/kg 27.7 (3.5) 29.0 (3.8) 28.4 (3.6)
PA score (1) 25(0.7) 2.6 (0.5) 2.6 (0.5)

(1) PA score = physical activity score (1-5).

1=no regular PA weekly; 2 = some light PA every week: 3 = once a
week brisk PA; 4 = twice a week brisk PA; 5 = three times a week or
more brisk PA.

continuous in Group S1 and divided into two equally long ses-
sions with at least a 5-h interval in Group S2. Brisk walking was
considered the most common and feasible form of sustainable
dynamic aerobic exercise for sedentary subjects (Morris &
Hardman, 1997) and was chosen as the mode of exercise. The
minimum (15weeks) recommended length for an intervention
was chosen.

The individual target heart rate, corresponding to 65% of the
VOomax, Was determined for each subject in the first maximal
exercise test. The mean target heart rate was 132 (SD 10.7) beat/
min in Group S1 and 130 (SD 11.2) beat/min in Group S2. The
duration of daily exercise corresponding to 300 kcal (1256kJ)
was also calculated individually in the first maximal exercise
test using the Weir formula, which estimates energy expenditure
(kcal/min) from measured oxygen consumption (L/min) (Weir,
1949). The mean target duration was 46.6 (SD 5.4) min for
Group S1 and 2 X24.0 (SD 3.2) min for Group S2.

Two weekly walking sessions were supervised by an exercise
leader on a 100-m indoor track. The other sessions, three for
Group S1 and eight for Group S2, were unsupervised and took
place according to the participants’ preferences, on sidewalks,
streets or forest trails or in parks. A heart rate monitor (Polar
Edge, Polar Electro, Kempele, Finland) was used to control the
walking pace in the 2-weekly supervised sessions and every
third week in all weekly sessions. The participants, including
those without the heart rate monitor, were also advised to rec-
ord periodically the length of their walking route, in order to
maintain the same relative pace in all weekly sessions.

The subjects in the exercise groups recorded their pro-
grammed exercise and also other habitual exercise in exercise
diaries. They also wore step counters (Fitty 3, Kasper & Richt-
er; Uttreuth, Germany) for 3 d, from Friday through Sunday,
in the middle of the intervention period.

The supervised exercise sessions of both exercise groups in-
cluded a light dynamic muscle workout for the main muscle
groups (10 exercises in one set with 10 repetitions using 5-kg
dumbbells or body mass as resistance) and flexibility exercises
according to the ACSM (1998) guidelines as a warm-up and
also for injury prevention. The flexibility exercises were repeated
as a cool-down after walking. A few minutes of similar exercises
were also recommended for use before and after the unsuper-
vised exercise sessions.

Once a month the control group attended a meeting with
lectures on health topics and a few minutes of light flexibility
exercises. All the participants were asked to keep their previous
diet, daily exercise habits and use of HRT constant. This was
checked with a questionnaire followed by an interview at the
beginning and at the end of the intervention.

Measurements

All the measurements were conducted before and after the
training. A progressive, maximal exercise test on a treadmill
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134 subjects
LN
stratified to \
HRT non-users HRT users
67 67
:"'M;; domize du—tb::“‘ r andomiz e;m};:b

Exercise grnu;s Control Exercise groups
d 2 groups
One session | Two sessions 21 One session | Two sessions
23 20 23 23

Control group C One session
45 exercise group (S1)
46

Two-session
exercise group (S2)
43

(Telineyhtymi Oy, Kotka, Finland) was used to measure the
VOsmax- The submaximal response to exercise was monitored
by heart rate measurements at absolute exercise levels corre-
sponding individually to 65% and 75% of the VOsmax in the
baseline exercise test. The treadmill test protocol (Oja, 1973)
consisted of a warm-up for 5 min at 5 km/h on a 5% incline.
The workload was increased in 3-min intervals, from very light
to maximal load. The speed was increased by 0.5km/h during
the third, sixth and ninth stages, and the elevation of the tread-
mill was increased by 2.5% at each stage except the third. The
electrocardiogram (ECG) was monitored (Case 12, Marquette
Electronics Inc., Milwaukee, WI, USA) continuously. The par-
ticipants reported their perceived exertion on the Borg scale
(Borg, 1970) during each exercise stage. For habituation a sep-
arate submaximal test was performed few days before the first
maximal exercise test.

VO, was measured breath-to-breath using a metabolic cart
(Metabolic Measurement Cart 2900Z, Sensor Medics Corp.,
Anaheim, CA, USA). The analyzer was calibrated before each
test. The maximum VO, was obtained from l-min collected
values (Howley et al., 1995). The criteria for maximum were the
following: (1) best possible effort as judged by the test super-
visor, (2) perceived exertion 19-20, (3) heart rate over 85% of
the age-predicted maximum, (4) no significant rise (< 2mL min/
kg) in VO,,.,. between the consecutive minute-to-minute gas
analyses and (5) respiratory quotient over 1.05. All the partici-
pants had to fulfill the first criterion. The test was repeated
within a week if the subject failed to give her best possible effort
or if less than three of the other four criteria were not fulfilled.

Body mass (kg) and height (m) were measured in light clothing
without shoes. Height was obtained to an accuracy of 0.005m,
and body mass was measured to the nearest 0.1 kg. The BMI was

Fig. 2. Randomization process.

calculated as body mass (kg) divided by the square of the height
(m). Skinfold thicknesses were measured at four sites: the mid-
triceps, biceps, subscapularis and suprailiac muscles, using a
Harpenden skinfold caliper (British Indicators Ltd, Luton, UK).
Body density was estimated from the sum of the skinfolds ac-
cording to a linear regression equation with age- and sex-specific
coefficients according to Durnin (1974) and converted to the per-
centage of body fat using an adaptation of Siri’s formula (Siri,
1961) for elderly women (Deurenberg, 1989).

Previous diet, daily exercise habits and use of HRT constant
were checked with a questionnaire followed by an interview at
the beginning and at the end of the intervention.

Physical activity was enquired using a PA score (1-5), de-
scribed as follows: 1 =no regular PA weekly, 2 = some light PA
every week, 3 = once a week brisk PA, 4 = twice a week brisk
PA, 5 = three times a week or more brisk PA. Questions con-
cerning exercise-related pain and injuries were asked at the end
of intervention.

Sample size and statistical analyses

The calculations for adequate sample size were based on the
assumption of about a 10% (3mL min/kg (SD 4)) increase from
the baseline VO,y,,, in the exercise group when compared with
the change in the control group (type 1 error alpha 0.05). The
power of the test was selected as 0.90. The calculations yielded
a minimum of 39 participants for each study group. The actual
number of subjects in each group was 43-46 at the onset of
the study. The intention-to-treat principle was used, and all the
subjects were asked to participate in the 15-week measurements,
in spite of possible dropout from the exercise program or
change in HRT use.
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Results are given as means and standard deviations (SD). An
analysis of covariance (ANCOVA) with baseline measurements
as the covariates was used to analyze the training effects. P-
values were calculated in testing for any differences between the
groups. Training effects were determined as the net differences
(i.e. the differences between the changes in each walking group
and the control group). We calculated the 95% confidence inter-
vals (CI) for the net change. A two-way analysis of covariance
with the exercise groups and the HRT groups as factors was
also used to analyze the interaction of these factors with the
outcome measures.

Results
Compliance

Four subjects out of 134 did not participate in the
15-week measurements because of health problems:
one subject was recovering from a gallbladder oper-
ation, one had an acute lumbar problem and one had
newly detected diabetes. One exercise test was inter-
rupted because of cardiac problems. In addition, be-
cause of technical difficulties, there was one missing
value from the submaximal heart rate measurement
at 75% of VOy.« and four at 65% of VO, ax-

Three of the 88 exercising subjects interrupted the
exercise program: two because of lower limb prob-
lems, plantar fascitis and newly detected knee ar-
thritis and one because of family reasons. All of
them participated, however, in both exercise tests
and were included in the results according to the in-
tention-to-treat principle.

The mean values calculated from the exercise
diaries showed that Group Sl attended 89% of the
prescribed 75 sessions and Group S2 95% of the
150 prescribed sessions. Group S1 attended 88%
and Group S2 92% of the 30 supervised exercise
sessions. Absence from exercise was due to health
problems, family reasons, work duties or travel.
Less than 1% of the absence was due to musculo-
skeletal problems and the difference between the ex-
ercise groups was not statistically significant. The
mean total duration of walking at the target heart
rate per session was 47.9 (SD 14.2) min for Group
S1 and 25.0 (SD 3.2) min for Group S2. The mean
total daily duration of habitual physical activity,
other than prescribed exercise, was 23.9 (SD 18.3)
min for Group S1 and 27.8 (SD 18.8) min for
Group S2. The mean total daily amount of walk-
ing, including both the prescribed exercise and ha-
bitual physical activity, estimated from the ped-
ometer recordings, was 9.2 (SD 3.1) km for Group
S1 and 10.4 (SD 3.0) km for Group S2.

All participants were given the possibility to work
up gradually to their full exercise program during
the first 2weeks. An additional 2weeks was allowed
for six subjects in Group S1 and seven subjects in
Group S2. During the last weeks of intervention
five subjects in Group S1 and six subjects in Group
2 were allowed to use extra 1-kg weights, stair-walk-
ing or occasional jogging steps to reach their target

Table2. Mean values and standard deviation (SD) before and after the intervention, and the net change (95% CI) between exercise and control

groups™ t
Nt Before After Net change (95% Cl) P-valuet

VOzmax. Mi‘kg min

51 44 28.8 (3.7) 32.4 (4.1) 25 (1.5, 35)

S2 43 28.4 (3.7) 32.0 (3.8) 2.5(1.5,3.5)

c 43 27.7 (3.5) 289 (3.7 <0.001
HR at 75%V0smax, bpm

S1 44 141 (11) 140 (12) -1.9(-5.0,1.1)

s2 43 141 (11) 137 (12) -37(-68, —07)

C 42 139 (13) 138 (15) 0.059
HR at 65%V05q,ac, bpm

S1 42 130 (12) 128 (13) -14(—4.7,1.8)

S2 42 129 (12) 126 (13) -25(—57,0.7)

C 41 128 (14) 128 (15) 0.310
Weight, kg

51 44 67.6 (8.4) 66.4 (7.8) -1.2 (—1.8, -0.5)

S2 44 67.8 (8.4) 66.6 (8.2) =1.1(—1.8,-04)

C 43 66.7 (8.3) 66.7 (8.2) 0.001
BMI, kg/m?

$1 44 25.8 (2.7) 25.3 (2.5) =05(=0.7, —=02)

S2 44 25.9 (2.8) 25.5 (2.7) -04 (—0.7, —-0.2)

C 43 25.6 (2.8) 256 (2.8 0.001
Fat%

51 45 36.8 (4.4) 34.3 (3.8) -21 (=27, —14)

S2 44 37.2 (4.9) 35.1 (4.8) -1.7 (—23, -1.0)

C 42 36.9 (4.2) 36.5 (3.7) <0.001

V0,may indicates maximal aerobic power; S1, one-session exercise group; S2, two-session exercise group: C, control group; HR, heart rate; BMI, body
mass index; fat%, percentage of body fat.

tAnalysis of covariance.
1Dropouts are excluded.
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heart rate. The mean length of the intervention was
144 (SD 2.9) weeks for Group S1 and 14.8 (SD
2.5) weeks for Group S2. The walking program was
stopped 1 d before the exercise test.

There were no changes in diet reported in the ques-
tionnaire. Changes in exercise, corresponding to the in-
tervention program, were reported in Groups S1 and
S2. No changes in exercise were reported in the partici-
pants of the control group. Six participants changed
their HRT status. In Group S1 two subjects started
and one subject stopped the HRT. In Group S2 one
subject started and two subjects stopped the HRT. All
six subjects were included in their original group in the
analyses to meet the intention-to-treat principle.

Changes in aerobic fitness and body composition

Aerobic fitness and body composition improved
equally in both exercise groups compared to controls.
The net increase in VO, was approximately 8%.
The changes in submaximal heart rate were not statis-
tically significant. Body mass decreased approximate-
ly 1kg in both exercise groups and the corresponding
BMI change was approximately 0.5 units. The fat%
decrease was approximately 2% units in both groups
(Table2).

Discussion

The purpose of our study was to test the accumu-
lation hypothesis among post-menopausal women, a
group not investigated previously in accumulation
studies.

The VO,,,x improvement in our study was similar
in both exercise groups, and agreed with the findings
of other randomized, controlled accumulation
studies. Ebisu (1985) studied the effects of jogging the
same distance in one, two or three daily sessions at
the 80% of the maximal heart rate (HR,,,) for 10
weeks on 53 male students and found VO, re-
sponses of 6.9%, 9.8% and 8.3%, respectively. Jakicic
et al. (1995) compared the effects of 20-40-min brisk
walking performed in one continuous session or
multiple 10-min bouts in a 20-week trial on 56 obese
35-46-year-old-women. The multiple-bout group had
better adherence and exercised more than the con-
tinuous exercise group. The VO,,,., increases were
5.6% in the multiple-bout group and 5.0% in the con-
tinuous exercise group. Murphy and Hardman (1998)
studied 47 women, aged 38-51 years, performing 10
weeks of brisk walking at an intensity of 70-80% of
the HR .., Sd/week, in one 30-min session vs three
10-min sessions, and found approximately 8% im-
provement in the VO, in both groups. Woolf-May
et al. (1999) conducted a study of 56 adults walking
20-40min in one, two or three bouts and reported
similar responses in all exercise groups in a standard-

Walking in women: one vs two daily bouts

Table3. Some randomized, controlled dose—response studies on
VOszmax in women

Study Intensity Net change
of exercise, 0f VOopax
% of the approximately
VOZrnax!i

Santiago et al. (1987)
20-40-year-old women

jogging 78 31%

walking 62 21%

20 weeks

Duncan et al. (1991)

20-40-year-old women

walking 83 16%
60 9%
46 4%

24 weeks

Ready et al. (1996)
56-67-year-old women
walking 60 14%
5 or 3 times/ week 12%
24 weeks

Kukkonen-Harjula et al. 1997
30-55-year-old women
walking
15weeks

Murphy et al. 1998
38-50-year-old women
walking
10weeks

Asikainen et al. (this study)
43-63-year-old women
walking 65 8%
15weeks

Jacicic et al. 1995
35-46-year-old obese women
walking and diet 60 5.6%
20 weeks

Oja et al. (1991)
20-65-year-old women
walking 50 4.5%
10weeks

65-75 6.8%

63-76 8%

*The formula percentage VOmay = 1.28% HR-29.12 was used.

ized step test and lactate measurements indicating
aerobic fitness.

There are also six other studies on exercise accumu-
lation showing mainly similar results, but these
studies lack randomization, or are uncontrolled, or
do not compare effects of short bouts to long bouts
of equivolume exercise (DeBusk et al., 1990; Snyder
et al., 1997, Woolf-May et al., 1998; Jakicic et al.,
1999; Boreham et al., 2000; Donnelly et al., 2000).

Regular brisk walking also had beneficial effects
on the body composition of our participants. Body
mass reduction was similar (1.7%) in both groups.
The reduction in the percentage of body fat was
also similar in both groups (about 2%-units). All
these changes were small but consistent and statisti-
cally significant. Since our participants were not
markedly obese and they reported no dietary
changes, only slight reductions in body weight
could be expected during our 15-week intervention
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period, for which the total exercise energy expendi-
ture was about 22500 kcal (94125kJ). The findings
of other randomized, controlled walking studies on
normal-weight women have shown similar results:
for example Kukkonen-Harjula et al. (1998) found
a 1.5% reduction and Murphy and Hardman (1998)
a slight reduction in four skinfold thicknesses in
both exercise groups, but a significant 2.6% reduc-
tion of body mass only in short bout walkers.
Ready et al. (1996) reported no significant changes
in body mass, but the percentage of body fat de-
creased 1.1-1.3%-units.

The participants were recommended to contact the
consulting physician (T-MA) in the event of any health
problems. Of the total 73 consultations, 49 concerned
exercise-related problems. In the questionnaire at the
end of intervention 35% of the participants reported
some exercise-related pain in the lower limbs, and for
17% the walking program was disturbed temporarily
by pain, mainly at the beginning of the intervention.
Exercise absence was very low, however, because most
of the problems were minor. Four participants of 88
(5%) met major exercise-related health problems: one
persistent plantaris fascitis, one deterioration of low
back symptoms, one radius fracture on the icy walking
trial and one mild, recurrent arrhythmia. Thus, our
findings indicate that walking is a feasible form of exer-
cise for sedentary post-menopausal women but there is
a small risk of health problems. In exercise counseling
these adverse effects should be prevented by guiding
the participant to avoid overstrain. This means a grad-
ual increase in the weekly training program and proper
rest between exercise sessions. If exercise-related symp-
toms appear, early contact with the exercise counselor
or a doctor is recommended.

Our study had several strengths. We had more sub-
Jects that any other accumulation study and the num-
ber of subjects was sufficient for adequate statistical
comparisons. The randomized groups were compar-
able. The exercise dose was controlled carefully with
supervision, heart rate monitors, exercise diaries and
pedometers. The program was followed closely by par-
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