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We studied the fractionization of walking training and
searched for the minimum dose to affect coronary risk
factors in two randomized controlled trials. Altogether 134
(Study I) and 121 (Study II) healthy, sedentary postmeno-
pausal women started the trials, and 130 (Study I) and 116
(Study IT) completed them. In Study I the exercise intensity
was 65% of the maximal aerobic power (VO;,.x) and a
total of 300 kcal was expended in one (Group W1) or two
(Group W2) daily walking bouts. In Study II the exercise
was continuous, and the exercise intensity (% of VO;.x)
and energy expenditure (kcalsession ') were 55% and
300 kcal (Group W3), 45% and 300 kcal (Group W4), 55%
and 200 kcal (Group WS5) and 45% and 200 kcal (Group
W6). All the subjects walked 5 days a week. The outcome
measures were blood pressure, serum lipoproteins and blood
glucose and plasma insulin in fasting state and also during 2-
h oral glucose tolerance test in Study I. There was no change
in diastolic pressure in the original study groups, but in the
combined exercise group (W1+W?2) in Study I, the mean

diastolic pressure declined by —3.0mmHg (95% con-
fidence interval (CI) —5.5 to —0.4) (P=0.025) in
comparison with that of the controls. The mean blood
glucose declined by —0.21mmolL "' (CI —0.33 to
—0.09) in Group W1 and —0.13mmol L' (CI —0.25
to —0.01) in Group W2 compared to controls (P = 0.03).
Also the 2-h glucose concentration decreased in Groups
W1 and W2 compared to controls. Systolic blood pressure,
serum lipoproteins and insulin levels did not change in
Study I or Study II. We conclude that our training
program with the greatest exercise dose, exercise intensity
65% of VO, . and weekly expenditure of 1500 kcal had a
minimal, positive effect on diastolic pressure and blood
glucose, and the effect was similar in one or two daily
exercise session groups. This exercise dose is probably
close to the minimum to affect coronary risk factors in
healthy postmenopausal women. To get a more pronounced
and clinically relevant effect, a greater exercise dose is
needed.

Coronary heart disease (CHD) is the leading cause of
death among postmenopausal women in the western
world (Goodman & Kirwan, 2001). Abdominal
obesity, postmenopausal estrogen deficiency and
physical inactivity are associated with reduced
insulin sensitivity and impaired glucose homeostasis,
which leads to the entity of “menopausal metabolic
syndrome”. In turn, metabolic syndrome is asso-
ciated with CHD and type 2 diabetes. Weight loss,
especially loss of abdominal adipose tissue and
increased physical activity, and also hormone
replacement therapy (HRT) can reverse this syn-
drome (Spencer, 1997). The American Heart Asso-
ciation has given preventive guidelines for women
(Mosca et al., 1999) with exercise recommendations
supporting the physical activity recommendation for
health (Pate et al., 1995). The statement suggests that
every adult accumulate 30 min or more of moderate-
intensity physical activity on most, but preferably, all
days of the week. This corresponds to an exercise
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volume of approximately 200 kcalday ~ ' and 1000
1400 kcal week ~ .

Epidemiological studies indicate a linear dose—
response relationship between physical activity and
all-cause mortality, consisting mostly of CHD (see
Kesdniemi et al., 2001). The energy expenditure of
physical activity, needed to induce a 30% reduction
in mortality for sedentary subjects, is around
1000 kcal week ~'. The minimum effective amount
of exercise for health effects is not known, but it is
estimated to be lower. Even exercise doses as low as
500 kcal week ~ ! are claimed to have some beneficial
effect on all-cause mortality (Kohl, 2001; Lee &
Skerret, 2001). In their follow-up study of almost
40000 women, aged 45 years or over, Lee et al.
(2001) found that the time spent in walking was more
important than exercise intensity, and at least 1 h of
light to moderate activity weekly decreased the CHD
risk. This amount is less than the recent recommen-
dation of physical activity for health suggests (Pate



et al., 1995). More studies are needed to clarify the
matter especially on women, because most studies
have been conducted on men (Lee & Skerret, 2001;
Wilmore, 2001).

Epidemiological evidence suggests that activities
performed on a regular basis, even in several sessions
a day, will influence health outcomes if the total
energy expended is sufficient (Paffenbarger et al.,
1986; Haapanen et al., 1996; Hardman, 2001). To
our knowledge only four randomized, controlled
studies have been carried out to compare the effects
of fractionated exercise vs. continuous exercise on
CHD risk factors — two on lipids (Ebisu, 1985;
Woolf-May et al., 1999) and two on blood pressure
(Jakicic et al., 1995; Murphy & Hardman, 1998) and
only one of these included postmenopausal women
(Woolf-May et al., 1999).

We conducted two randomized, controlled studies,
the first to compare the effects of equivolume brisk
walking, once or twice a day, and the second to
compare the effects of four low-dose walking
programs on selected CHD risk factors in post-
menopausal women. We have previously reported
that all of these programs increased maximal aerobic
power, and some of them also positively affected
body composition (Asikainen et al., 2002a, b). In our
present report, our hypothesis was that equivolume
exercise would improve coronary risk factors equally
in exercise groups with one or two sessions a day. In
addition, low-dose walking programs would show
small improvements in risk factors, and the mini-
mum effective dose would be approached.

Materials and methods
Design

Study I was a randomized, controlled trial with three parallel
groups: exercise with one or two daily walking sessions and
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a control group (Asikainen et al., 2002b). Study II was a
randomized, controlled trial with five parallel groups, four
low-dose exercise groups and a control group (Asikainen et
al., 2002a). The exercise in Study I started in September 1995
and continued for 15 weeks. The exercise in Study II started in
November 1996 and continued for 24 weeks. The outcome
measures were blood pressure, fasting serum lipoproteins, and
blood glucose and plasma insulin in fasting state, and in Study
1, also during a 2-h oral glucose tolerance test. The study plan
was approved by the independent Research Ethics Committee
of the UKK Institute for Health Promotion Research. All the
subjects gave their written informed consent.

Subjects

The subjects were recruited through announcements in the local
newspapers. The recruitment processess have been described
in detail previously (Asikainen et al., 2002a, b). The eligibility
criteria were (1) female, (2) 2-10 years past the onset of
menopause, (3) 48-63 years of age, (4) no chronic diseases or
regular medication except for possible HRT, (5) nonsmoker,
(6) body mass index (BMI) <32kgm ~2, (7) systolic pressure
<160 mmHg and diastolic pressure <100 mmHg, and (8) not
engaged in strenuous work or regular brisk leisure-time
exercise more than once a week. An equal number of women
with and without HRT were accepted.

Randomization

We randomly assigned the subjects to exercise or control
groups. The HRT users and nonusers were randomized
separately in order to get an approximately equal number of
both in each group. The procedure yielded 46, 43 and 45
subjects in the two exercise groups and the control group,
respectively, in Study I and 21, 21, 18, 21 and 40 subjects in
the four exercise groups and the control group, respectively, in
Study II. The randomization processes were computer based
and have been described in detail previously (Asikainen et al.,
2002a, b). The baseline characteristics of the subjects are
shown in Table 1.

Exercise intervention

The exercise groups walked 5 days a week. In Study I the
exercise intensity was 65% of the maximal aerobic power

Table 1. Baseline characteristics of the subjects in Study | and Study 11*; means (SD)

Parameter Study | Study I

Group W1 Group W2  Group C1 Group W3 Group W4  Group W5  Group W6  Group G2
N 46 43 45 21 21 18 21 40
Age (years) 58 (4.4) 58 (4.2) 57 (4.2) 57 (3.8) 55 (3.7) 54 (3.5) 55 (4.2) 56 (3.8)
Body mass (kg) 676 (8.2) 67985 67.0(85 679(104) 68.7 (9.5 675 (10.9) 66.1(8.5) 70.8 (9.3)
VOomax (MLkg ™ "min~—") 29.0 (3.8) 284 (36) 27.7(35) 303(50) 30.8(42 294 41) 302(41) 29.3(3.6)
Systolic pressure (mmHg) 126.6 (14.7) 124.8 (12.3) 125.1 (17.1) 125.3 (14.6) 121.8 (15.1) 127.6 (16.7) 124.1 (14.6) 128.1 (15.8)
Diastolic pressure (mmHg) 80.5 (7.1) 80.1 (7.5) 823 (7.4) 80.3(9.1) 796 (11.6) 804 (9.3) 759 (9.3) 81.1(7.4)
Total cholesterol (mmolL~") 5.53 (1.00) 5.78 (0.99) 5.72 (0.98) 5.39 (0.63) 5.34 (1.02) 5.31 (0.97) 5.15 (0.79) 5.49 (0.94)
HDL-cholesterol (mmolL~") 156 (0.32) 1.54 (0.43) 1.56 (0.33) 1.68 (0.41) 1.60 (0.28) 1.55 (0.44) 1.62 (0.41) 1.57 (0.32)
LDL-cholesterol (mmol L Ty 3.46 (0.95) 3.55(0.94) 3.53 (0.88) 3.06 (0.53) 3.22 (1.02) 3.19 (0.98) 2.97 (0.72) 3.36 (0.84)
Triglycerides (mmol L~ 1.12 (0.34) 1.60 (1.63) 1.39 (0.57) 1.28 (0.53) 1.15(0.29) 1.14 (0.45) 1.34 (0.42) 1.25 (0.41)
Glucose (mmol L " 446 (0.30) 4.48 (0.32) 4.44(0.32) 4.78 (0.33) 4.75(0.26) 4.96 (0.44) 4.88 (0.30) 4.82 (0.35)
Insulin (mUL~") 6.3 (2.0 6.9 (2.5) 6.9 (2.0 71 (1.7) 7.1 (1.8) 8.2 (4.0) 7.4 (1.8) 7.9 (2.3)

*Study I: Groups W1 and W2 were the exercise groups and Group C1 was the control group.
Study II: Groups W3, W4, W5 and W6 were the exercise groups and Group C2 was the control group.

V0,max = maximal aerobic power, HDL = high-density lipoprotein, LDL =

low-density lipoprotein.
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(VOsmax) and the estimated exercise energy expenditure was
300 kcal. Walking was performed in one (Group W1) or two
daily sessions (Group W2). In Study II the exercise was
carried out in one daily session, and different combinations of
exercise intensity (% of VO,n.x) and energy expenditure
(kilocalories per session) were used: 55% and 300 kcal (Group
W3), 45% and 300kcal (Group W4), 55% and 200 kcal
(Group W5) and 45% and 200 kcal (Group W6).

The target heart rate and duration of exercise were
determined individually on the basis of a maximal exercise
test (Asikainen et al., 2002a, b). Two weekly exercise sessions
were supervised and conducted on an inside track, and other
sessions were performed outdoors. The supervised exercise
sessions of Groups W1 and W2 started with a light dynamic
muscle workout for the main muscle groups. A few minutes of
stretching was recommended before and after the exercise
sessions for all the exercisers. Heart rate monitors (Polar
Edge, Polar Electro, Kempele, Finland), step counters (Fitty
3, Kasper & Richter, Uttenreuth, Germany) and exercise
diaries were used. The dietary and exercise habits and HRT
use of all the subjects were checked with a questionnaire,
followed by an interview, at the beginning and end of the
intervention. Groups W3, W4, W5 and W6 also completed 3-
day food diaries at the beginning and end of the intervention.

Measurements

All the measurements were conducted before and after the
training period. Blood pressure was measured twice with a
random zero sphygmomanometer (Hawksley & Son Ltd.,
England) as the subject sat after 5min rest. The lowest of the
two measurements with a 2-min interval was used.

Venous blood samples were obtained at 7 to 9 AM after a
12-h overnight fast, after a 15-min rest, while the subject was
supine. The preceding exercise was approximately 48 h before
the sampling. Fasting blood samples were taken for serum
lipoproteins, baseline glucose and insulin determinations. In
Study I an oral glucose tolerance test (OGTT) was carried out
with a glucose dose of 75 g. Blood was sampled at 30, 60 and
120 min during OGTT for glucose and insulin measurements.
In Study II the fasting blood samples were taken twice with a
1- week interval. The mean of the two measurements was
used.

In both studies all analyses except glucose were made from
frozen (—70 °C to — 20 °C) samples, and all samples from
each subject were analyzed within a single batch to minimize
analytical variations. Total serum cholesterol and triglyceride
concentrations were measured using routine enzymatic
methods. High-density lipoprotein cholesterol (HDL-choles-
terol) was determined by dextran sulfate precipitation. Low-
density lipoprotein cholesterol (LDL-cholesterol) was calcu-
lated by the equation of Friedewald et al. (1972). Blood
glucose was assessed by the glucose dehydrogenase method.
Plasma insulin determinations were carried out by radio-
immunoassay (Phadeseph Insulin RIA, Pharmacia, Sweden).

The analytic variations (interassay CV) calculated from
human serum-based quality control materials were 0.8-1.1%
for total cholesterol, 1.9-1.1% for HDL-cholesterol at the
concentration level 1.4-1.6mmol L ™', 4.2-4.6% at a very low
HDL-cholesterol level 0.50 mmol L ', 1.1-3.8% for triglycer-
ides, 0.8-3.4% for glucose and 2.1-5.0% for insulin.

Sample size and statistical analyses

The sample size calculations were originally performed for
VOjmax, Which was the main outcome of the study. Power
calculations and statistical analyses have been described in
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detail previously (Asikainen et al., 2002a, b). On the basis of
the widths of calculated confidence intervals of group
differences, it can be concluded that sample size was adequate
also in order to sufficiently find group differences of the risk
factors. The intention-to-treat principle was used, and all the
subjects were asked to participate in the end measurements, in
spite of adherence to the exercise program or change in HRT
use.

The results are given as means and standard deviations
(SD). An analysis of covariance (ANCOVA) with the baseline
measurements as the covariates was used to analyze the
training effects, which were determined as net differences, i.e.,
mean differences between the changes in each walking group
and the control group adjusted for baseline values. We also
calculated the 95% confidence intervals (CI) for the mean net
changes. In addition, the possible modifying effect of the HRT
use was analyzed by an ANCOVA with the exercise groups
and HRT group as factor variables. Additional ANCOVA
analyses were performed in Study II with the groups
combined according to exercise intensity or energy expendi-
ture, with the baseline measurements as covariates.

Results
Compliance

All the subjects attended 88-95% of the prescribed
exercise sessions in both studies. There were few
injuries or other complications. Three of the 88
exercising subjects discontinued the exercise program
in Study I, and three of 81 did so in Study II. There
were four dropouts from the end measurements in
Study I and eight in Study II. No changes in diet
were reported in the questionnaire. For food diaries
in Study II, four persons were missing, and seven
were disqualified because of recording inaccuracies.
The results showed no statistically significant quan-
titative or qualitative changes in the diet of the study
groups. The mean estimated daily energy intake was
7.5 (1.5)MJ in the exercise groups and 7.6 (1.3) MJ
in the control groups before the training and 7.5
(1.4)MJ and 7.3 (1.4)MJ after the training. Six
subjects changed their use of HRT in Study I, and
none did so in Study II.

Maximal aerobic power and body mass

In both studies, maximal aerobic power of the exer-
cise groups improved statistically significantly (P <
0.001) when compared with that of the controls. Mean
net changes in VO,,,, were 2.5 mL min ™ ! kg_1 (CI
1.5-3.5), 2.5mLmin" 'kg~' (CI 1.5-3.5), 29mL
min~'kg~! (CI 1.5-4.2), 2.6mLmin 'kg~ ' (CI
1.3-4.0), 24mLmin~'kg ™' (CI 0.9-3.8) and 2.2mL
min~'kg ™' (CI 0.8-3.5) in Groups W1, W2, W3,
W4, W5 and W6, respectively. The mean body mass
decreased when compared with that of the controls
(P=0.001) in Study I, —1.2kg (CI —1.8 to —0.5)
in Group W1 and —1.1kg (CI —1.8 to —0.4) in
Group W2, but in Study II there were no statistically



significant body mass changes (Asikainen et al.,
2002a, b).

In Study I the VO,,.x and body mass changes
were similar in the one-session (W1) and two-session
(W2) walking groups (Fig. 1). In Study II, combining
the exercise groups according to exercise intensity
(Group W3+Group W5 and Group W4+Group
W6) or exercise energy expenditure (Group W3+
Group W4 and Group W5+Group W6) showed
similar results in combined groups (Fig. 1). The
subgroup analysis of the HRT users and nonusers
showed similar results for VO,,.« and body mass in
both subgroups.

Changes in CHD risk factors

There were no statistically significant changes in
blood pressure, total cholesterol, HDL-cholesterol,
LDL-cholesterol or the triglycerides in any of the
exercise groups compared to controls (Table 2).

When we combined the exercise groups W1 and
W2 in Study I and exercise groups W1, W4, W5 and
W6 in Study II, we found a statistically significant
reduction of diastolic blood pressure of —3.0 (—5.5
to —0.4)mmHg (P =0.025) in Study I, but not in
Study II.

The mean fasting blood glucose declined by
—0.21mmolL " (CI —0.33 to —0.09) in Group
W1 and —0.13mmolL "' (CI —0.25to —0.01) in
Group W2 when compared with that of the controls
in Study I (P=0.003). In Study I the mean 2-h
glucose in the glucose tolerance test declined by
—0.48mmolL~" (95% CI —0.89 to —0.08) in
Group W1 and —0.43mmolL "' (95% CI —0.83
to —0.02) in Group W2 when compared with that of
the controls (P =0.039). No statistically significant
changes occurred in the fasting plasma insulin in
either of the studies or in the 2-h insulin in the
glucose tolerance test in Study I.

In Study I the changes in the CHD risk factors in
one-session (W1) and two-session (W2) walking
groups compared to controls were quite similar
(Fig. 1). The similarity of the groups can be
concluded from the overlap of confidence intervals
and estimated means. In Study II the results of
combined exercise groups according to exercise
intensity or energy expenditure, both compared to
controls, also showed similarity between combined
groups (Fig. 2). The subgroup analysis of the HRT
users and non-users did not show any differences in
any of the results for the CHD risk factors.

Discussion

We have previously reported that maximal aerobic
power improved in all of our exercise groups of
healthy, sedentary postmenopausal women, and in
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Study I also body mass declined (Asikainen et al.,
2002a, b). In Study I we found that maximal aerobic
power and body mass were equally affected by
fractionated exercise. In Study II we found that even
the lowest exercise dose improved maximal aerobic
power, but it was not enough to decrease body mass.
The main purpose of our present report was to focus
on the effects of these exercise programs on CHD
risk factors, to test the effect of fractionated exercise
and to search for the minimum effective dose on
blood pressure, blood lipids, glucose and insulin in
our study subjects.

A recent meta-analysis of 54 randomized, con-
trolled trials of 2419 adults, mostly men, concluded
that systolic and diastolic blood pressure can be
lowered by approximately 4 and 2 mmHg in normo-
tensive subjects and approximately by 5 and 4 mmHg
in hypertensive subjects, respectively, with dynamic
physical training (Whelton, 2002). Kelley & Sharpe
Kelley (1999) suggested, on the basis of a meta-
analysis of 21 randomized and nonrandomized,
controlled studies on women, that the training
effect would be smaller for women, approximately
2mmHg in systolic and 1 mmHg in diastolic blood
pressure. The studies in the above meta-analyses
used training regimens of 2-5 days per week,
15-60 min per session, with an intensity of 40-80%
of VOsax. The optimal exercise intensity remained
unclear, but low intensities gave positive results in
the studies and higher intensity did not improve the
result.

Jakicic et al. (1995) compared the effects of 20—40-
min brisk walking in one continuous session or
multiple 10-min bouts combined with a reducing
diet in a 20-week trial on 56 obese (mean BMI
approximately 34kgm ~?) 35-46-year-old women.
The multiple-bout group had better adherence and
exercised more than the continuous exercise group.
There was a mean decrease of 2.6 and 5.6 mmHg in
systolic and diastolic pressure, respectively, in multi-
ple-bout exercise group, and the corresponding
values for the continuous exercise were 3.9 and
4.1 mmHg, while the data for the control groups
were not shown. Murphy & Hardman (1998) studied
47 women, aged 44.4 (SD 6.1) years, during 10 weeks
of brisk walking at an intensity of 70-80% of the
maximal heart rate, 5 days a week, in one 30-min
session vs. three 10-min sessions, and found no
statistically significant changes in blood pressure.
Staffileno et al. (2001) studied the effects of
intermittent, moderate exercise with intensity of
50-60% of of VOsayx, 3 times 10 min a day, 5 days
per week for 8 weeks in 18 hypertensive, postmeno-
pausal women, and found that systolic pressure was
reduced by 8 mmHg and diastolic by 5SmmHg in
exercise group compared to controls. Staffileno et al.
(2001) did not have a continuous exercise group.
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Table 2. Coronary risk factors before and after training, means (SD) and the net change (95% Cl) between the exercise and control groups in Study | and Study 11*?

Risk factor N Before After Net change (95% Cl) p°

Systolic pressure (mmHg)

Group W1 44 126.3 (14.7) 131.5 (14.0) 12 (-39 10 6.3)

Group W2 43 124.8 (12.3) 130.2 (13.8) 0.8 (4.4 t0 5.9)

Group C1 43 1245 (16.8) 129.3 (16.7) 0.90
Group W3 20 125.3 (14.6) 126.6 (17.0) 44 (-131010.2)

Group W4 21 121.8 (15.1) 1241 (11.9) 40 (<1710 9.7)

Group W5 15 1275 (17.3) 1248 (13.0) 13 (-5.0107.7)

Group W6 20 124.1 (14.6) 127.8 (14.0) 6.4 (0.6-12.1)

Group C2 37 128.9 (15.6) 124.3 (13.3) 0.21
Diastolic pressure (mmHg)

Group W1 44 805 (7.2) 79.6 (6.6) 2.6 (-5.5 10 0.4)

Group W2 43 80.1 (7.5) 78.6 (7.3) 3.3 (-6.3 to ~0.4)

Group C1 43 82.1 (7.5) 83.3 (11.5) 0.071
Group W3 20 80.3 (9.1) 76.8 (7.6) 2.7 (-6.0 0 0.6)

Group W4 21 796 (11.6) 810 (7.8) 18 (-14105.1)

Group W5 15 80.8 (9.4) 797 (7.6) 0.6 (~3.7 t0 3.6)

Group W6 20 75.9 (9.3) 76.6 (9.4) 0.4 (-3.7 t0 3.0)

Group C2 37 81.4 (7.5) 80.1 (7.4) 0.20
Total cholesterol (mmolL~7)

Group W1 46 5.53 (1.00) 5.47 (0.98) 0.13 (=0.09 to 0.34)

Group W2 42 5.72 (0.94) 5.67 (1.00) 0.16 (~0.05 to 0.38)

Group C1 44 5.72 (0.98) 5.50 (0.88) 0.30
Group W3 20 5.32 (0.54) 5.20 (0.47) 0.11 (0.16 to 0.38)

Group W4 21 5.34 (1.02) 5.22 (0.82) 0.1 (=0.16 to 0.37)

Group W5 15 5.13 (0.94) 5.03 (0.91) 0.08 (~0.22 to 0.39)

Group W6 19 5.21 (0.77) 5.13 (0.82) 0.12 (~0.15 to 0.40)

Group C2 39 5.49 (0.95) 5.23 (1.00) 0.87
HDL-cholesterol (mmolL~")

Group W1 46 156 (0.32) 155 (0.35) 0.00 (~0.08 to 0.07)

Group W2 42 1.56 (0.42) 1,57 (0.45) 0.01 (-0.07 to 0.09)

Group C1 44 1,56 (0.33) 1,56 (0.33) 0.92

Group W3 20 1.72 (0.39) 173 (0.28) 0.01 (~0.09 to 0.10)

Group W4 21 1,60 (0.28) 1.70 (0.30) 0.08 (~0.01 to 0.17)

Group W5 15 1,56 (0.45) 1,59 (0.50) 0.01 (~0.09 to 0.11)

Group W6 19 1.63 (0.42) 1.65 (0.44) 0.00 (-0.09 to 0.10)

Group C2 39 157 (0.33) 1,59 (0.38) 0.51
LDL-cholesterol (mmolL~")

Group W1 46 3.46 (0.95) 3.41 (0.90) 0.10 (-0.10 to 0.30)

Group W2 41 3.56 (0.94) 3.51 (0.96) 0.12 (~0.09 to 0.33)

Group C1 44 3.53 (0.88) 3.38 (0.94) 0.48

Group W3 20 3.06 (0.53) 2.95 (0.52) 0.07 (=0.17 to 0.30)

Group W4 21 3.22 (1.02) 2.98 (0.83) -0.03 (~0.26 0 0.21)

Group W5 15 3.06 (0.84) 2.96 (0.76) 0.08 (~0.19 to 0.34)

Group W6 19 2.97 (0.72) 2.92 (0.75) 0.11 (~0.13 to 0.35)

Group C2 39 3.36 (0.84) 312 (0.82) 0.84
Triglycerides (mmolL~")

Group W1 46 112 (0.34) 112 (0.41) 0.03 (=0.11 to 0.16)

Group W2 M 1.30 (0.52) 123 (0.42) 0.03 (-0.11 to 0.16)

Group C1 44 1.39 (0.57) 1.25 (0.47) 0.90
Group W3 20 121 (0.43) 1.16 (0.41) 0.02 (=0.12 to 0.16)

Group W4 21 1.15 (0.29) 1.19 (0.42) 0.10 (~0.04 to 0.25)

Group W5 15 113 (0.46) 1.05 (0.43) ~0.02 (-0.18 to 0.14)

Group W6 19 1.36 (0.42) 1.24 (0.40) -0.02 (-0.16 to 0.13)

Group C2 39 1.4 (0.42) 1.16 (0.44) 0.55
Fasting glucose (mmolL~")

Group W1 46 4.46 (0.30) 441 (0.33) -0.21 (-0.33 to —0.09)

Group W2 43 4.48 (0.32) 451 (0.32) ~0.13 (-0.25 to ~0.01)

Group C1 44 4.44 (0.32) 4.62 (0.36) 0.003

Group W3 20 4.76 (0.33) 4.60 (0.31) ~0.16 (=0.29 to ~0.02)

Group W4 21 4.75 (0.26) 4.62 (0.24) ~0.13 (-0.27 to 0.00)

Group W5 15 4.93 (0.40) 4.75 (0.41) ~0.13 (~0.28 to 0.01)

Group W6 19 4.89 (0.30) 4.78 (0.27) -0.08 (0.21 to 0.06)

Group C2 39 4.83 (0.35) 4.81 (0.38) 0.093
2-h glucose (mmolL~")

Group W1 44 4.76 (0.86) 4.88 (0.91) —0.48 (-0.89 to -0.08)

Group W2 41 5.01 (1.30) 5.08 (1.10) ~0.43 (-0.83 to ~0.02)

Group C1 4 4.98 (1.07) 5.49 (1.41) 0.039
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Table 2. (Continued)
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Risk factor N Before After Net change (95% Cl) pP
Fasting insulin (mUL~")

Group W1 46 6.34 (1.98) 6.01 (1.94) -0.48 (-1.05 to 0.09)

Group W2 43 6.92 (2.50) 6.59 (2.09) -0.35 (-0.93 to 0.22)

Group C1 44 6.91 (2.03) 6.93 (2.45) 0.23
Group W3 20 6.92 (1.62) 6.77 (1.46) -0.61 (-1.40 to 0.17)

Group W4 21 7.09 (1.79) 7.02 (2.03) -0.48 (-1.25 to 0.29)

Group W5 15 8.07 (4.36) 7.67 (2.93) -0.55 (-1.40 to 0.31)

Group W6 19 7.42 (1.85) 7.30 (1.83) -0.44 (-1.23 t0 0.34)

Group G2 39 7.91 (2.37) 8.10 (2.60) 0.47
2-h insulin (mUL~7)

Group W1 44 30.30 (12.65) 30.08 (14.93) -5.05 (-12.06 to 1.95)

Group W2 42 33.36 (12.13) 33.52 (23.78) -3.90 (-10.96 to 3.16)

Group C1 41 33.42 (13.33) 37.46 (19.92) 0.33

*Study I: Groups W1 and W2 were the exercise groups and Group C1 was the control group.
Study Il: Groups W3, W4, W5 and W6 were the exercise groups and Group G2 was the control group.
VO2max = maximal aerobic power, HDL = high-density lipoprotein, LDL = low-density lipoprotein.

2Analysis of covariance with baseline measurements as covariates.
PAnalysis of covariance.

s .00 899 10 15,20
- e
—e— One walking — VO2max
session/day :
Two walking e
sessions/day o Body mass
o ° _' Diastolic pressure
—o— Fasting glucose
: = * ! ¢ Fasting insulin
—— :
(H——o——— :Total cholesterol
e :
HDL- cholesterol

-15 -10 -5 0 5 10 15 20

* Analysis of covariance with baseline measurements as covariates.
VOomax = maximal aerobic power, HDL = high density lipoprotein,
LDL = low-density lipoprotein

Fig. 1. Effect of continuous and fractionated walking on
selected variables. Percent net difference (95% CI) during
training in the exercise groups vs. the control group in Study L.

We found no statistically significant effects in blood
pressure in our study groups. Combining the exercise
groups showed a 3mmHg reduction of diastolic
pressure in Study I, but not in Study II. This could
be due to the greater exercise dose of Study I. Our
exercise doses were at the lowest border compared
with the exercise doses of aforementioned meta-
analyses. Approximately one-third of our study
subjects had initially elevated blood pressure (130/
85-160/100mmHg). The amount of subjects with
elevated diastolic pressure decreased during training
in Study I, from 40 to 34 subjects at the end of
intervention. Systolic blood pressure seemed to

Persent net difference (95% CI), exercise versus control,
in combined exercise groups in Study Il

-15 - - 0 5 10 15 20
e Y Yy Y
e exercise intensity : o~ VOzmax

55% of VO2max C——
o—| exercise intenstity A :
45% of VO2max | ) : : :
o exercise volume [~ 71", : : Body mass
300 kcal/session | —e-14 : :
o exercise volume | —d 4
200 kcal/session : : :
_': . Diastolic blood pressure
1 : :
——
* o Fasting blood glugose
t—e— : :
—o—
b * J Fastihg plasmé insulin
] ‘
— o Total cho(esterol
. . —
e m— :
— )
— o— YHDL cho(esterol
| . E——— —— 1
— ] :
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* Analysis of covariance with baseline measurements as covariates.
VOymax = maximal aerobic power, HDL = high density lipoprotein,
LDL = low-density lipoprotein

Fig. 2. Effect of exercise intensity and energy expenditure
on selected variables in Study II. Percent net difference (95%
CI) in the exercise groups vs. the control group. The exercise
groups have been combined according to intensity or
volume.

increase in Study I, although the increase was not
statistically significant. Forty-four subjects had
elevated systolic pressure at the baseline and 52 at
the end of intervention. Seasonal variation could be
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a possible explanation, since this was also seen in the
controls. The end measurements were performed in
December before Christmas in Study I and in June in
Study II. In Study II no changes in blood pressure
were found. The minimum dose needed to induce a
minimal decrease in diastolic blood pressure in our
mostly normotensive study group of sedentary
postmenopausal women is probably close to the
exercise dose of our Study I, 65% of VOsnax,
1500 kcal week ~ !, and the exercise either continuous
or fractionated into two daily bouts. A greater
exercise dose is needed to also obtain an effect on
systolic blood pressure.

We did not find any statistically significant
changes in blood lipoproteins. According to a
meta-analysis of 28 randomized, controlled studies
mostly on men using endurance training (Leon &
Sanchez, 2001), the response between individuals
varies greatly for the same training stimulus. Also
many confounding factors exist. We found much
variability in the responses in our study in spite of
good compliance and careful blood sampling. Leon
& Sanchez (2001) showed that aerobic exercise
increased HDL-cholesterol 4-5%. Most of the
studies had an exercise frequency of 3-5 times a
week and 30 min or more of exercise per session at
moderate to strenuous intensity. There is limited
evidence that a higher exercise intensity will give a
greater HDL-cholesterol response than moderate or
light intensity. The threshold to affect lipids during
weekly training seems to be an exercise energy
expenditure of 1200-1500kcal and the minimum
length of training should be 12 weeks (Leon et
Sanchez 2001). A more recent finding in the 6 month
study of 111 overweight men and women of Krauss
(2002) suggests that energy expenditure is crucial and
more important than exercise intensity, and the most
marked effects were observed at an energy expendi-
ture of 2000 kcal with strenuous intensity. The length
of training period might also be very important
especially in postmenopausal women. In the study of
King et al. (1995), 1 year of moderate training in
postmenopausal women was not enough, but 2 years
showed statistically significant lipid improvements
(King et al., 1995).

According to Leon & Sanchez (2001), baseline
lipid levels strongly predict response: the lower the
baseline HDL-cholesterol, the higher the response to
exercise. Premenopausally, women have higher levels
of HDL-cholesterol due to their hormonal status,
but postmenopausally the levels decrease. HRT
affects lipid levels in various ways (Haddock et al.,
2000) which must be taken into account in exercise
trials. The baseline lipid levels of our subjects were
mostly in the normal range, e.g., 95% of the subjects
had a baseline level of over 1.00 mmol L~ ' for HDL-
cholesterol. Our study design called for an equal
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number of subjects with or without HRT in each
group.

There are only two randomized, controlled studies
on the effect of fractionated exercise on blood lipids.
Ebisu et al. (1985) studied the effects of jogging the
same distance in one, two or three daily sessions at
80% of the maximal heart rate for 10 weeks in 53
male students. There was a significant increase in
HDL-cholesterol only in the three-session exercise
group. Ten weeks of exercise may have been too
short to reveal a long-term effect on lipids. Woolf-
May et al. (1999) conducted an 18-week study on 56
adults, aged 40-60 years, walking 2040 min in one,
two or three daily bouts. LDL-cholesterol decreased
in the long (—0.29mmolL ") and intermediate
(—0.41 mmol L ') bout group, but not in the short
bout group. However there were no HDL-cholester-
ol changes in any of the exercise groups.

The doses of exercise in our study were at the
lower border of the aforesuggested minimum re-
quirements for lipoprotein improvements. The mini-
mum dose of exercise in healthy, sedentary,
normolipemic postmenopausal women with or with-
out HRT seems to be more than the greatest exercise
dose of our study.

Manson et al. (1991) found a relationship between
vigorous exercise and decreased risk of type 2
diabetes in an 8-year follow- up study of 87252
women. In the Nurses Health Study, Hu et al. (1999)
found that walking reduced the risk, but vigorous
exercise reduced it more. We found a statistically
significant, small reduction in the fasting and 2-h
glucose concentrations in Study I but not in Study II,
where the exercise intensity and exercise energy
expenditure was smaller. The fasting glucose con-
centration in Group W2 and 2-h glucose concentra-
tion in Groups W1 and W2 improved only when
compared to controls, and the absolute values did
not improve. There could have been a seasonal
variation that caused the rise in control groups
fasting glucose just before Christmas, and exercise
might have partly prevented this rise in exercise
groups. The minimum dose of exercise needed to
obtain a minimal effect on glucose in our study group
of healthy, normoglycemic, sedentary postmenopau-
sal women is probably very close to our largest
exercise dose, 65% 0of VOsmax, 1500 kcal week ~ !, in
one or two daily exercise bouts. To achieve a more
clinically relevant effect, more exercise is needed.

When the minimum dose of exercise to affect
coronary risk factors is searched, small changes are
to be expected, some of them statistically significant
and some below the border of statistical significance,
although showing a similar trend, but interpreted as
no change, according to the dichotomous nature of
statistical science. The interpretation of these results
raises several questions. What are the smallest changes



that can be detected with our measurements? Are the
changes caused by regression towards the mean of
variables with high interindividual variation? Have
the biological day-to-day and seasonal variations
been taken into account? We tried to solve these
problems in many ways. We estimated the smallest
possible change that can be detected with our
equipment and estimated that the number of subjects
was sufficient for adequate statistical comparisons.
We used a control group to minimize systemic errors,
e.g., seasonal fluctuations. We used an analysis of
covariance in order to be unaffected by possible
minor baseline differences and the regression towards
the mean. The randomized groups were comparable.
The exercise dose was carefully controlled with
personal supervision, heart rate monitors, exercise
diaries, food diaries and pedometers. The program
was closely followed by the participants and the
dropouts were few. The measurements were carried
out in strictly controlled, similar conditions, exercise
group members and controls in mixed order. How-
ever, to some of these questions, there are no definite
answers; therefore no exact values for minimum
effective dose can be claimed based on our studies.
To improve the design further, the intervention
could have been longer to ensure that all potential
effects, especially those on lipids, were detected.

Expending 1500 kcal weekly by walking at 65% of
the VOy.x for 15 weeks in one or two daily bouts
had a minimal positive effect on blood glucose and
diastolic blood pressure. Expending 1000—1500 kcal
weekly by walking at 45-55% of the VO, for
24 weeks did not cause any statistically signifi-
cant improvements in CHD risk factors in spite
of improvements in aerobic fitness. Expending
1500 kcal weekly by walking at 65% of the VOyax
in one or two daily exercise bouts is probably close to
the minimum dose of exercise needed for minimal
improvements in some of the CHD risk factors in
healthy, sedentary, postmenopausal women, either
with or without HRT. A larger exercise dose should
be recommended to give greater and more clinically
relevant improvements in blood pressure and blood
glucose and also to affect lipoproteins.

Perspectives

Our findings support the US physical activity
recommendation for public health (Pate et al.,
1995). Regular brisk walking, also when fractionated
into two daily bouts, can produce minimal positive
effects on selected coronary risk factors in sedentary
postmenopausal women. Contrary to earlier beliefs,
our study shows that, at least in sedentary post-
menopausal women, improving coronary risk factors

Walking trials in postmenopausal women

requires a larger exercise dose than improving aerobic
fitness.

The clinical short-term relevance of the minimal,
but statistically significant, changes in maximal
aerobic power, body mass and risk factors in our
study is probably small. The exercise dose should be
greater if clinically more relevant improvements in
coronary risk factors are expected.

However, according to epidemiological studies, the
most benefit for public health will come as sedentary
subjects become active (Pate et al., 1995). The
improvement in VO, in our study was enough to
increase most of the subjects’ level of fitness exceeding
the VOomax value of 31.5mLmin~'kg ! and there-
fore move the subjects into a low-risk category for all-
cause mortality on the basis of the study of Blair et al.
(1989), who followed up 3120 women for 8 years. The
VOs,ax value of 31.5mLmin ~'kg ™! represented the
level of fitness at which the risk level for all-cause
mortality fell clearly. In a more recent epidemiological
study, Farrel et al. (2002) suggested an even lower
VOy,ax Value of 28.0mL min ~ ! l(gfl for 40-49-year
old women to be classified as moderately fit and have
low mortality. Thus the exercise we used in our study
might, after all, have some long-term clinical sig-
nificance for postmenopausal sedentary women, if
exercise is continued. To achieve this, exercise has to
be safe and feasible, as ours was, and easy to perform.
The characteristics of this exercise regimen suggest
that also a part of daily physical chores may meet the
requirements of physical activity improving health.

Key words: exercise, dose-response, fractionization,
postmenopause, lipoproteins, glucose, insulin, blood
pressure, randomized controlled trial.
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