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Effects of High-Intensity Interval Walking Training on Physical Fitness
and Blood Pressure in Middle-Aged and Older People

KEeN-icHI NEmoTo, MS; Hrokazu GEN-NO, PHD; SHizue Masuki, PHD; Kazunosu Okazaki, PHD;
AND HirosHI Nosg, MD, PiD

OBJECTIVE: To examine whether high-intensity interval walking
training increased thigh muscle strength and peak aerobic
capacity and reduced blood pressure more than moderate-
intensity continuous walking training.

PARTICIPANTS AND METHODS: From May 18, 2004, to October
15, 2004 (5-month study period), 60 men and 186 women with a
mean * SD age of 63*6 years were randomly divided into 3
groups: no walking training, moderate-intensity continuous
walking training, and high-intensity interval walking training.
Participants in the moderate-intensity continuous walking training
group were instructed to walk at approximately 50% of their peak
aerobic capacity for walking, using a pedometer to verify that they
took 8000 steps or more per day for 4 or more days per week.
Those in the high-intensity interval walking training group, who
were monitored by accelerometry, were instructed to repeat 5 or
more sets of 3-minute low-intensity walking at 40% of peak
aerobic capacity for walking followed by a 3-minute high-intensity
walking above 70% of peak aerobic capacity for walking per day
for 4 or more days per week. Isometric knee extension and flexion
forces, peak aerobic capacity for cycling, and peak aerobic
capacity for walking were all measured both before and after
training.

RESULTS: The targets were met by 9 of 25 men and 37 of 59
women in the no walking training group, by 8 of 16 men and 43 of
59 women in the moderate-intensity continuous walking training
group, and by 11 of 19 men and 31 of 68 women in the high-
intensity interval walking training group. In the high-intensity
interval walking training group, isometric knee extension
increased by 13%, isometric knee flexion by 17%, peak aerobic
capacity for cycling by 8%, and peak aerobic capacity for walking
by 9% (all, P<.001), all of which were significantly greater than
the increases observed in the moderate-intensity continuous
walking training group (all, P<.01). Moreover, the reduction in
resting systolic blood pressure was higher for the high-intensity
interval walking training group (P=.01).

CONCLUSION: High-intensity interval walking may protect against
age-associated increases in blood pressure and decreases in thigh
muscle strength and peak aerobic capacity.
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1RM = one repetition maximum; BMI = body mass index; DBP = dia-
stolic blood pressure; HR = hear; rate; RPE = rate of perceived exertion;
SBP = systolic blood pressure; Vo, = peak aerobic capacity
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enough to increase peak aerobic capac'i%go and other
markers of physical fitness. Indeed, a higher intensity of
aerobic exercise (>50%o¥eaQ has been recommended
in recent guidelines to increas'@z'\)éak in older peoplé.
However, few regimens in the field provide this increased
intensity of aerobic exercise while providing the ease of
participation of walking.

Walking at submaximal velocity could be one such
regimen. We found that the heart rate (HR) in older men
and women walking at the maximal ve-
locity almost reached the age-expectedor editorial
maximal values$ suggesting thatchgpeak comment,
would be increased in older people |fsee page 797
walking training was performed at a
higher intensity than that recommended by current guide-
lines? Furthermore, we recently observed that cycling ex-
ercise training at moderate to high intensity increased thigh
muscle strength and mass in older rhesuggesting that,
like traditional resistance training, aerobic exercise train-
ing, if performed at the required intensity, can increase
thigh muscle strength in older people. On the basis of these
findings, we surmised that high-intensity walking training
could increase't»gpeak and muscle mass and strength in
older people. Moreover, we surmised that high-intensity
walking training would lead to a greater reduction in blood
pressure because the effects of aerobic training on resting
blood pressure were reportedly enhanced as the intensity
increased into the range of 40% to 70% ojpéékﬁ

Our study examined the hypotheses that walking
training at more than 70% of maximal intensity would
result in greater increases in thigh muscle strength and
Vozpeakand a greater reduction in resting blood pressure in
older men and women than walking of moderate intensity.
If such gains are indeed observed, it would suggest that

he rapid growth in the elderly population in man

countries has highlighted the importance of exerci
training to decrease the likelihood of disability and ag
associated disease, promote independence, and enh
quality of life! Moderately paced (about 6 km/h) walking
thought to protect against disability and age-associa
diseases, has been widely recommended to middle-a
and older people. However, that pace may not be inte
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WALKING REGIMEN TO INCREASE MUSCLE FORCE
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FIGURE 1. Study procedures. C\'/opeak = peak aerobic capacity by graded cycling; DBP = diastolic blood pressure; F_, .= isometric knee extension

EXT
force; F,, = isometric knee flexion force; M = men; no-WT = no walking training group; SBP = systolic blood pressure; W = women; W, . =

moderate-intensity continuous walking training group; W, = high-intensity interval walking training group; WVo = peak aerobic capacity by
graded walking.
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middle-aged and elderly people could participate in signed to the interval walking group so that they could visit
exercise training calibrated to their individual physical a local community office nearer their homes. For these
fithess to decrease disability and age-associated diseasagasons, minor reassignments were made, resulting in 25
more effectively. men and 59 women in the no walking training group, 16
men and 59 women in the moderate-intensity continuous
walking training group, and 19 men and 68 women in the
high-intensity interval walking training group.

Once the study protocol (Figure 1) had been approved by Participants in the no walking training group were in-
the Review Board on Human Experiments, Shinshu Uni- structed to maintain a sedentary lifestyle. Those in the
versity School of Medicine, Matsumoto, Japan, 246 continuous walking group were invited to the administra-
healthy, nonsmoking middle-aged and older adults (44-78tive center at the beginning of the program to receive
years) with no history of cardiovascular or pulmonary dis- training for their exercise program. They were instructed to
eases gave written informed consent and were enrolled invalk more than 8000 steps per day at approximately 50%
the study. Of the study participants, 60 were men and 186vo,., for walking for a minimum of 4 days per week.
were women. At first, we intended to divide participants Participants used a pedometer (Omron, JH-005, Kyoto,
randomly into 3 groups, each with 20 men and 62 women:Japan) to monitor their steps and chose a time each day to
no walking training, moderate-intensity continuous walk- complete the exercise program. Once a month, they visited
ing training, and high-intensity interval walking training. the administrative center so that their compliance with the
However, a few of the participants were married couples training program could be reviewed.

and wanted to join the same group, and others, who lived a The subjects in the high-intensity interval walking
distance from an administrative center, wished to be as-training group were divided into 5 subgroups of 10 to 20

PARTICIPANTS AND METHODS
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WALKING REGIMEN TO INCREASE MUSCLE FORCE

TABLE 1. Energy Expenditure During Training in Moderate-Intensity Continuous Walking and High-Intensity Interval Walking Groups*

Moderate-intensity continuous walking group High-intensity interval walking group
Men, n=6 Women, n=12 Men Women
(n=8) (n=43) (n=11) (n=31)

Walking days per week 40.1 (4.20.3) 4.50.1 (4.80.1) 4.50.1 4.50.1
Steps per day 983260 (10,564267) 9432197 (9705180) 9166195 7874162t
Energy expenditure (mL{lay) 54,656707 37,88@357 54,5422539 41,0081111
Walking time(min/day) 68 (66+3) 611 (61+1) 55:3% S5k1t
Walking intensity (mLQ/'min) 83113 6269 992+15% 80#17t
Fast walking time (min/day) NA NA 3P 321
Walking intensity during fast walking (mL@nin) NA NA 1205+22 96126
Slow walking time (min/day) NA NA 261 181
Walking intensity during slow walking (mL@nin) NA NA 618+11 5389

*NA = not applicable. Values are mearSE . First set of values given for each variable in the moderate-intensity continuous walking group are for the 6
men and 12 women who carried an accelerometer during walking. The values in parentheses are those for all members (&e@no#Bisgroup
included in the study. Significantly different from values in moderate-intensity continuous walking gPeu@O(t, $£=.003).

subjects each. Before the start of the study, participantSNUMBER oF PARTICIPANTS IN THE ANALYSES
were invited to a community office near their homes and Of the participants enrolled in the study, the following
received instruction in the exercise program. They were completed 5 months of training and returned to the labora-
told to repeat the following regimen 4 or more times per tory for a physical fithess test: 13 men and 46 women in the
week: 5 or more sets of 2- to 3-minute low-intensity no walking training group, 13 men and 49 women in the
walking intervals (at approximately 40% of the pretraining moderate-intensity continuous walking training group, and
Vo, ), followed by a 3-minute interval of high-intensity 15 men and 53 women in the high-intensity interval walk-
walking (>70% but <85%'Y, .. for walking). The in- ing training group. Those who completed training were
tensity and steps were monitored with a triaxial acceler- asked to fill out a survey; the answers were used to deter-
ometer carried on the back (Active Tracer 301, GMS, mine whether they had met the criteria given to them at the
Tokyo, Japari)and a pedometer, respectively. A beeping beginning of the regimen.
signal alerted participants when a change of intensity was In the no walking training group, 13 subjects were
scheduled. This method of instruction was continued for excluded from the analyses because they reported walking
the first month of the regimen until the subjects had 30to 60 minutes 2 to 3 days per week. In the continuous
mastered high-intensity interval walking. walking group, 3 subjects were excluded because they did
Once participants had learned the program, they couldnot record their daily steps and 8 because their steps per
choose the time at which to perform it each day. Every 2 day were fewer than 5000 and because they walked fewer
weeks the participants visited a local office, and data fromthan 2 days per week. In the interval walking group, 18
the tracking devices were transferred to a central server aparticipants were excluded because they did not record
the administrative center through the Internet for auto- their daily walking intensity and another 8 because they
matic analysis and reporting. Trainers used these reportgperformed only moderate-intensity continuous walking, ie,
to track daily walking intensity and other parameters taking fewer than 4000 steps a day and exercising fewer
given in Table 1 to instruct participants on how best to than 30 minutes a day for fewer than 2 days per week.
achieve the target levels. If targets were not met, the The criteria for inclusion in the study were met by 9 men
trainer encouraged the participants to increase their ef-and 37 women in the no walking training group (55% of the
forts to achieve them. initial number), 8 men and 43 women in the moderate-
In the interval walking group, all participants were intensity continuous walking training group (68%), and 11
equipped with the accelerometer mentioned earlier and amen and 31 women in the high-intensity interval walking
pedometer to measure daily walking intensity and steps,training group (48%).
respectively. However, because we had a limited nhumber
of accelerometers, 18 (12 women, 6 men) of 75 participantsSMEASUREMENTS
in the continuous walking group carried the accelerometerBlood pressures',d{peakby graded cycling exercise and by
for measuring walking intensity, while all had a pedometer graded walking exercise, and isometric knee extension and
for measuring steps. The training was performed betweenflexion forces were measured before and after the contin-
May 18, 2004, and October 15, 2004, during which time uous and interval walking group regimens; measurements
the average atmospheric temperature wdsd 25°C and for the no walking traimig groupwere obtained at the same
relative humidity was 60% to 80%. time as for the other groups.
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TABLE 2. Physical Characteristics of Participants in ables, muscle strength, arid,\, Analysis of covariance
Training Groups: Men vs Women was also used to determine if the changes in these values

' Moderate-intensity ~ High-intensity for a given group were statistically different from the
Nowalking  continuous walking  interval walking  changes noted for the other groups. The effects of each

(P value) P value) P value) . . . .
training regimen on these variables were tested using a 2-
Age A1 .005 .048 . . ; ;
Height 501 <001 <001 way (sex; before or after training) analysis of variance for

Weight 01 003 <.001 repeated measures. The statistical power to detect their
significant changes after training in the continuous and
interval walking groups was >0.8 atof 0.05 except for
Peak Aerobic Capacity by Graded Walking.After SBP in men from the continuous walking group (0.74) and
baseline measurements at rest for 3 minutes, subjects with ®BP in men from the interval walking group (0.53). Subse-
triaxial accelerometer on their back walked for 3 minutes quent post hoc tests to determine significant differences in
on a flat floor at 3 graded subjective velocities: slow, the various pairwise comparisons were performed with
moderate, and fast. At the same time, 3-dimensional accelfisher exact test. Values are presented as mea®E
eration and HR with the electrocardiogram were measuredexcept as noted. The null hypothesis was rejected.ab.
at 10-millisecond intervals and recorded with 5-second We did not perform an intention-to-treat analysis
memories as averaged valde$he total impulse from an  because we were unable to determine the effects of training
accelerometérwas transferred to a computer and con- on participants who did not return to the laboratory for a
verted to oxygen consumption rate using a previously re-physical fithess test after training. Moreover, for our
ported equatiof.Peak aerobic capacity and peak HR for analyses, we needed to exclude the participants who did not
walking values are those for the last 30 seconds at maximahchieve the targets set before the start of training for each of
walking velocity. the training regimens because the purpose of this study was
Knee Extension and Flexion Forces ando/ by to assess if the high-intensity interval walking regimen,
Graded Cycling. No earlier than day 4 after the measure- when performed as initially directed, improved physical
ment of b, e by walking, knee extension and flexion fitness more than the moderate-intensity continuous walk-
forces were measured on easide of the knee with a  ing regimen. As a result, we excluded approximately 40%
dynamometer (Biodex 3, Biodex Medical System, Shirley, of the participants in each group from our analyses and re-
NY) and the 2 measurements averaged for reporting. Theconfirmed that pretraining values for physical character-
validity of Vo, by graded walking determined earlier on istics, physical fitness, and cardiovascular variables were
each subject was confirmed by determiniig V, bygraded not statistically different among the groups.
cycling using expired gas analysis (AE260, Minato, Tokyo,
Japan) by averaging the values for the 30 seconds at maximal
intensity with peak HR by electrocardiography (Life Scope
8M, Nihon Kohden, Toyko, Japan), as described previdusly. Although the number of days walked per week did not
These measurements before and after training weresignificantly differ between the interval and continuous
performed by the same investigator according to the samewalking groups, the walking time of the interval group was
protocol. only 83% of the continuous walking group (Table 1). How-
Blood PressuresBefore Vo, . by walking was deter-  ever, despite this difference in walking time, the energy
mined, systolic (SBP) and diastolic (DBP) blood pressuresexpenditure per day did not differ significantly between the
were measured by auscultation after the participant had2 groups P=.66) because the interval walking group exer-
been sitting for 10 minutes in a room with an ambient cised at a much higher intensity (>70%,Y,) than the
temperature of 2% and relative humidity of approxi- continuous walking group.

RESULTS

mately 50%. Significantly higher values for age, height, and body
weight were observed for men than for women (Table 2),
STATISTICAL ANALYSES but differences in age in the no-training groBp.@.1) and

We used 2-way analysis of variance to determine any sig-differences among the groups before training were not
nificant differences among the groups or between men andstatistically significant (Table 3). After training, body
women in preregimen physical characteristics and trainingweight and body mass index (BMI [calculated as weight in
program achievements. An analysis of covariance with thekilograms divided by the square of height in meters]) de-
pretraining values included as a covafiates used to  creased significantly in the women in the continuous (both,
determine any significant differences among the groups inP<.001) and interval (weigh=.02; BMI, P=.01) walking
postregimen physical characteristics, cardiovascular vari-training groups but increased significantly in the no walk-
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TABLE 3. Physical Characteristics Before and After Training*

No walking group Moderate-intensity continuous walking group High-intensity interval walking group
Men (n=9) Women (n=37) Men (n=8) Women (n=43) Men (n=11) Women (n=31)
Before After Before After Before After Before After Before After Before After
Age (y) 66£5 NA 62+6 NA 6745 NA 6245 NA 67+4 NA 64+6 NA
:v((ecl‘:%a)t 1633 NA 1556 NA 1658 NA 154+6 NA 167+6 NA 153+6 NA
eight

(kg) 61.1+x2.4 62.625 54.1x1.1 54.%1.2t 62.532.7 61.82.7 54.41.0 53.20.91% 63.22.4 62.%2.2 53.%1.2 52.91.28%
BMI
(kg/m?)  23.1+0.8 23.30.9 22.#0.5 23.20.5t 23.@1.1 22.%1.2 22.80.4 22.30.3T% 22.90.8 22.¢0.7 22.20.5 22.50.5||1

*BMI = body mass index; NA = not applicable. Values are me&D for age and height, and meaSE for body weight and BMI. Significantly different from
pretraining values @<.001; §=.02; |P=.01). Significantly different from corresponding values in no walking training grdeg.Q91, ¥=.004).

ing training groupP<.001) to levels that were significantly were observed, and these values were significantly greater
higher than those of women in both the continuous (both,than those in the no walking training group (walking,
P<.001) and interval (weigh<.001; BMI,P<.004) walk- P<.001; cyclingP=.005) and in the moderate-intensity con-
ing groups. tinuous walking group (walkingP&.001; cycling P=.004).

Peak aerobic capacities and thigh muscle strength werd-urthermore, in the high-intensity interval walking group,

significantly higher in men than in women (Table 4), butno Vo, by walking increased in 26 of 33 participants with
significant differences were observed among participantsincreased knee extension force (79%), suggesting a close
in the 3 groups before trainind®<.43+=.93). Before relationship between these variables.
training, SBP and DBP did not differ significantly among As shown in Figure 3, SBP and DBP for the high-
the groups P=.13P=.67), but after training a significant intensity interval walking group decreased significantly by
decrease in SBP and DBP was noted in the interval walkingd mm Hg and 5 mm Hg, respectively (bofx.001), and
group (bothP<.001, when the values in men and women the reduction in SBP after training was significantly greater
were pooled) and a significant decrease in SBP in thein the high-intensity interval walking group than in the no
interval walking group compared with the no walking walking training group B=.002) and in the moderate-
training group P<.001). Similarly, in the high-intensity  intensity continuous walking groug£.01). Moreover,
interval walking training group, knee extension and flexion SBP decreased in 25 of 33 participants with increased
forces increased significantly after training (bdtk,001), VO, o for walking in the interval walking group (76%),
and these values were significantly higher than those ob-suggesting a close relationship between SBP'@gay
served in the no walking training group<(001) and in the
moderate-intensity continuous walking training group
(P<.001). Furthermore, in the high-intensity interval walk- DISCUSSION
ing training group,'vzpeakby walking and cycling signifi- ~ The major findings of this study are that high-intensity
cantly increased after training (bofs.001) to levels that  interval walking resulted in greater increasesap V, and
were significantly higher than those observed in the no thigh muscle strength and a greater reduction in SBP than
walking training group (walking?<.001; cyclingP=.007) moderate-intensity continuous walking in older men and
and in the moderate-intensity continuous walking group women.
(both, P<.001). In contrast, no significant differences be-  We adopted 3 minutes as the walking interval because
tween the continuous walking and no walking training most participants could not continue to walk at the high
groups were noted for any of the variables, except for aintensity for more than 3 minutes because of fatigue. How-
significantly lower SBP after trainindg?€.001). ever, they recovered from this fatigue within 2 to 3 min-

As shown in Figure 2, knee extension and flexion forces utes, and so we adopted a regimen of a 3-minute interval of
in the highrintensity interval walking training group in-  high-intensity walking followed by 2 to 3 minutes of low-
creased significantly by 13% and 17%, respectively (both, intensity walking and instructed participants to perform
P<.001), and these values wesignificantly higher than  more than 5 sets per day.
those of theno walking training group (bothP<.001) and In most field studies, HR and rate of perceived exertion
the moderate-intensity continuous walking group (exten- (RPE) have been used to monitor relative exercise inten-
sion,P<.001; flexion,P=.004). In the high-intensity interval  sity. However, trainers using HR and RPE methods might
walking training group, moreover, significant increases in find it difficult to instruct participants to perform high-
Vo, _ by walking (9%) and cycling (8%) (botP<.001) intensity interval walking because they would not be able

2peak
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TABLE 4. Resting Hemodynamics, Peak Aerobic Capacities, and Thigh Muscle Strength
Before and After Training™

No walking training group

Men (n=9) Women (n=37)
Before After Before After
Resting HR (beats/min) &3 77+4 791 772
Resting SBP (mm Hg) 142 14142 142+3 14143
Resting DBP (mm Hg) 82 832 832 822
Peak aerobic capacity for cycling (mL/min) 15033 1489104 120940 120842
Peak aerobic capacity for walking (mL/min) 14308 143466 123825 120232
Peak HR for cycling (beats/min) 146 146+6 1492 1473
Peak HR for walking (beats/min) 141 136+6 145¢+2 144+3
Isometric knee extension force () 13#5 134+4 100+3 1003
Isometric knee flexion force (Nm) 722 733 46:2 45+2

Moderate-intensity continuous walking group

Men (n=8) Women (n=43)
Before After Before After
Resting HR, beats/min 83 793 781 782
Resting SBP (mm Hg) 147 138t2t 1353 1323t
Resting DBP (mm Hg) a 8328 812 791
Peak aerobic capacity for cycling (mL/min) 15606 1565112 119%#35 118@31
Peak aerobic capacity for walking (mL/min) 15838 148199 120328 1172426
Peak HR for cycling (beats/min) 149 1527 1473 1453
Peak HR for walking (beats/min) 143 142+5 142+3 139%3
Isometric knee extension force (Ixh) 1386 138t3 94+3 95+3
Isometric knee flexion force (Nm) 732 742 45:2 48+28

High-intensity interval walking group

Men (n=11) Women (n=31)

Before After Before After
Resting HR (beats/min) 3 743 812 78£1T
Resting SBP (mm Hg) 14€ 136:2||1 14@3 132¢2||%
Resting DBP (mm Hg) 8B 82+21 852 80+28
Peak aerobic capacity for cycling (mL/min) 1529 166&72||#** 11535 1222378
Peak aerobic capacity for walking (mL/min) 1466 162350||#** 1186:34 127435111t
Peak HR for cycling (beats/min) 146 1536 144+2 14143
Peak HR for walking (beats/min) 142 1374 14442 139+2
Isometric knee extension force () 1325 149+8||[#** 95+4 1064|714+
Isometric knee flexion force (Nm) 7H3 81+3||#** 4452 51+2||#**

*DBP = diastolic blood pressure; HR = heart ratenN= newton meter; SBP = systolic blood pressure. Values
represent meart SE. Significantly different from pretraining valuesPgr05, §<.01, and|P<.001).
Significantly different from the corresponding values for the no walking training gr&sp0d, #°<.01, and
$P<.001). Significantly different from the corresponding values for the moderate-intensity continuous
walking group (*f<.05, T1<.01, and ##<.001).

to determine absolute walking intensity to a high resolution group, increases that were significantly greater than those
of 1 minute. For example, after a change in walking speed itseen in the moderate-intensity continuous walking training
takes 1 to 2 minutes for HR to reach a steady level equiva-group. The intensity of exercise training used in our study
lent to the new level of exercise intensity. Moreover, HR for the high-intensity interval walking training group is
and RPE responses are influenced by adaptation to trainnot as high as that recommended for increased muscle
ing, environmental conditions, and the physical condition strength by the current American College of Sports
of participants. For these reasons, in our study we chose tdviedicine guidelines for resistance training (3 sets of 8
use a triaxial accelerometer to monitor exercise intensityrepetitions per day at 80% of one repetition maximum
during training. [1RM], 2 to 3 days pep,week, for 3 months). However,
As shown in Figure 2, significant increases in knee Bemben et & suggested that the same gains in muscle
extension force (13%) and knee flexion force (17%) were strength and mass of the lower extremities (approx-
observed in the high-intensity interval walking training imately 30%) could be made in older women with 3 sets
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of lower-intensity (40% 1RM) resistance training re- cause such declines diminished markedly to only 10%
peated 16 times per day, 3 days per week for 6 months, aso 20% in healthy men and women aged 22 to 87 years
with 3 sets of high-intensity (80% 1RM) resistance training in whom 24-hour urinary creatinine excretion, an index
repeated 8 times per day for the same period. Similarof muscle mass, was normalized. Using dual x-ray ab-
results were obtained in young subjeéétd Recently, we sorptiometry to test for a number of muscle mass indices,
showed that isometric knee extension could be increasedProctor and Joyn&rshowed that age-associated decline
by 13% and thigh muscle mass by 8.4%, as measured byn Vo, , was associated with a decline in muscle mass.
magnetic resonance imaging, in older men cycling at 50% Taken together with our own previous repdftshese
to 80% of \b, __, 60 minutes per day, 3 days per week, for studies suggest that the greater increase in thigh muscle
18 weeks, but not in those engaging in moderate-intensitystrength or mass in the interval walking group in our
continuous walking, ie, approximately 10,000 steps per current study might have contributed to the greater increase
day, 6 to 7 days per week, for 18 weékShus, like inVo, ..
traditional resistance training, higher repetitions of muscle  In addition to the increase in thigh muscle mass, an
contraction and relaxation above a given intensity may increase in aerobic capacity per unit of muscle mass may
increase thigh muscle strength in older people. contribute to the increase i'roz\l{eak. Capillary density and
The increase in'chépeak in the high-intensity interval  citrate synthetase activity were shown to increase with an
walking group was greater than that in the continuous increase in mean fiber area after 12 weeks of resistance
walking group. Fleg and Lakattdhave suggested that the training in older mer Cellular oxidative capacity was
age-associated decline isz\p/eakper kilogram of body also enhanced after 6 months of aerobic and resistance
weightmay be attributable to loss of muscle mass be- training in older patient¥.Since aerobic training in older
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current study, the high reduction in SBP occurred in the
subjects with increasetby ., Our study is one of the first
prospective attempts to test epidemiological findings, and
its findings suggest that blood pressures can be decreased
and ‘6, enhanced by even short periods of exercise.

Our study has several potential limitations. First, dif-
ferent monitoring systems were used for the moderate-
intensity continuous and high-intensity interval walking
training groups. Because we had a limited number of triaxial
accelerometers, we used pedometers in the moderate-
.01 intensty cortinuous walking training group, thinking that
1002 steps divided by exercise duration would give us reason-
able measures of exercise intensity in this group. We
thought it important to use the accelerometers in the high-
intensity interval walking training group because we
wanted to ensure that the desired changes in exercise
intensity occurred. Thus, although 2 different monitoring
systems were used, they were optimally targeted to the
appropriate group and could be used to ensure that subjects
- meeting inclusion criteria achieved the desired exercise
5 ' T o1 patterns and intensities.
04T T s Second, the subjects in the high-intensity interval walk-

*.003 ing training group, who were divided into 5 small groups,
visited the center more frequently (approximately 18
-10- times) and interacted with the trainer more, perhaps in-
fluencing the pre- and posttraining blood pressure mea-
surements. However, members of the moderate-intensity

no-WT Wenr WinT
9 37 46 8 43 51 11 31 42

L™
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.02 *
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-10 . Total
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T
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FIGURE 3. Changes in systolic blood pressure (SBP) and diastolic

blood pressure (DBP) at rest after training in the no walking training

(no-WT), moderate-intensity continuous walking training (W), and

high-intensity interval walking training (W, ;) groups.

*Significant differences from the pretraining values (P<.001).

tSignificant differences from the corresponding values in no-WT
(P<.001).

1Significant differences from the corresponding values in W,
(P<.001), except in cases where the symbol is presented together
with the value. The value indicates the specific P value in each
comparison.

continuous walking training group visited the center ap-
proximately 11 times and could reasonably be expected to
have gained complete familiarity with the testing environ-
ment. Thus, we believe it is unlikely that the different
monitoring systems and the different style of interaction
with the trainer in the continuous and interval walking
groups affected the main outcomes of the study.

Third, 30% of the subjects in the no walking training

group, 17% of those in the moderate-intensity continuous
men was shown not to affect blood voldnaed cardiac ~ walking training group, and 22% in the high-intensity
stroke volume at a given intensity of exerdighge increase  interval walking training group did not return to the
in VO, ca is likely caused by an accelerated oxygen laboratory for a physical fitness test after training. Another
extraction rate in thigh muscle rather than by increased15% in the no walking training and moderate-intensity
oxygen delivery due to increased maximal cardiac output. continuous walking training groups and 30% in the high-
The greatest reductions in blood pressure after trainingintensity interval walking training group did not meet the
were observed in the high-intensity interval walking criteria for inclusion in the study. If more opportunities for
training group (Figure 3). In a 1- to 12-year retrospective a physical fitness test and for an explanation of the
study of men and women aged 20 to 65 years with noimportance of this study had been given to participants,
history of hypertension, Blair et'akhowed that subjects more of them may have returned to the laboratory.
with low levels of \b, _ were at higher risk for developing ~ Similarly, if more opportunities to master the interval
hypertension than were those with higdgp\gali Sawada et  walking with an accelerometer had been given at an early
al*® further showed in a 5-year longitudinal study of men stage of training, more participants may have met the
aged 50 years and older that subjects with increasggakv targets set for that group. However, limitations in staff and
were less likely to have increased blood pressure after Facilities made it impossible to provide such opportunities
years than those with unchanged or decreasggal}ﬂn the in this study. Given these limitations, we did not include all
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randomized participants in the analysis. Therefore, the 5. Okazaki K, Kamijo Y, Takeno Y, et al. The effects of aerobic or resis-

T . T f tance training on blood volume, thigh muscle mass, and peak aerobic power in
possibility exists that the study findings are influenced by older men [abstract] [in Japanesepn J Phys Fitness Sports Med.

selection bias. 2001;50:885. Abstract 305.
In future studies, we will attempt to minimize inconve- 6. Armstrong L, Balady GJ, Berry MJ, et al. Other clinical conditions

; ; : influencing exercise prescription. In: Whaley MH, ACSM’s Guidelines for
nience and Improve attainment of StUdy targets by use OflExercise Testing and Prescriptioth ed. Baltimore, Md: Williams &

the Internet. The Internet would allow for remote supervi- wilins: 2006:205-236.
sion by a trainer and for self-monitoring of progress by 7. Bouten CV, Westerterp KR, Verduin M, Janssen JD. Assessment of

- o ; ; energy expenditure for physical activity using a triaxial acceleronMéet Sci
participants, obviating the need for trips to a gymnasium Sports Exerc1994:26:1516-1523.

and making attainment of exercise targets more likely. g vickers A3, Atman DG. Statistics notes: analysing controlled trials with
Also, encouraged by the reduction in SBP observed in thisbaseline and follow up measuremesiJ. 2001;323:1123-1124.

. . s : : ; 9. Hollis S, Campbell F. What is meant by intention to treat analysis?
study in participants with increased physical fitness, we will survey of published randomised controlled trigls1J. 1999;319: 670-674.

examine the effects of genetic background, blood lipid and 10. Bemben DA, Fetters NL, Bemben MG, Nabavi N, Koh ET. Musculo-
glucose concentrations, diets, and depressive scores not only(eletal responses to high- and low-intensity resistance training in early post-

_ ; : menopausal womeMed Sci Sports Exer2000;32:1949-1957.
on age associated diseases but also on health care costs. 11. Campos GE, Luecke TJ, Wendeln HK, et al. Muscular adaptations in

response to three different resistance-training regimens: specificity of repeti-
tion maximum training zone&ur J Appl Physiol2002 Nov;88:50-60. Epub
CONCLUSION 2002 Aug 15.
. i . . o i 12. Folland JP, Irish CS, Roberts JC, Tarr JE, Jones DA. Fatigue is not a
High-intensity interval walking training might help protect necessary stimulus for strength gains during resistance traBintSports

against age-associated reductions in muscle strength antlled.2002;36:370-373.

y : : : ; 13. Fleg JL, Lakatta EG. Role of muscle loss in the age-associated reduction
VO, o and increases in blood pressure. Guidelines for inVo, 3 Appl Physiol1988:65:1147-1151,

2max”

exercise in healthy older adults should encourage at least 14, Proctor DN, Joyner MJ. Skeletal muscle mass and the reductiog,gf
some higher-intensity component during walking. in trained older subjectd.Appl Physiol1997;82:1411-1415.
15. Frontera WR, Meredith CN, O’'Reilly KP, Evans WJ. Strength train-
ing and determinants ofo, _in older men.J Appl Physiol.1990;68:329-
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