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ABSTRACT 

Purpose: To determine the target intensity for fast walking during interval walking 

training (IWT) in water for middle-aged and older people to enhance physical fitness.  

Methods: Thirty-one women (59±5 (SD) years old) were randomly divided into two 

groups: IWT on land (LG, N=15) and in water (WG, N=16). All subjects were instructed 

to perform ≥6 sets of fast and slow walking for 3 min each in a day, ≥4 days·week-1, for 8 

weeks, at an intensity 35% higher than the oxygen consumption rate at the gas exchange 

threshold (VO2GET), with a subjective feeling of 16-18 points of the Borg scale during fast 

walking in each condition. Before and after IWT, we measured VO2GET, peak aerobic 

capacity (VO2peak) by graded walking and cycling tests on land and isometric knee 

extension (FEXT) and flexion (FFLX) forces.  

Results: Before IWT, the VO2GET for walking in water was 14% higher and the heart rate 

(HR) at a given VO2 was ~10 beats·min-1 lower (P=0.001) than on land. During IWT, 

subjects in both groups performed IWT for ~4 days·week-1 (P>0.9) with a 14% higher fast 

walking intensity in WG than in LG (P<0.05). After IWT, the VO2peak and VO2GET for 

cycling, FEXT and FFLX increased more in WG than in LG (all, P<0.05).  

Conclusion: Walking in water elevated VO2GET and decreased HR at a given exercise 

intensity in middle-aged and older women, which enabled them to perform exercise at a 

higher metabolic rate than on land due to improved subjective feelings, which, for these 

subjects, resulted in greater gains in physical fitness. 

Key words: middle-aged and older women; exercise training; head-out water 

immersion; peak aerobic capacity; thigh muscle strength 
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Abbreviations 

BMI Body mass index 

DBP Diastolic blood pressure 

FEXT Knee extension force 

FFLX Knee flexion force 

GET          Gas exchange threshold 

HR  Heart rate 

HRGET HR at GET 

HRpeak         HR at VO2peak 
IWT Interval walking training 

LG Land group 

SBP Systolic blood pressure 

VCO2              Carbon dioxide production rate  

VM           Vector magnitude of tri-axial accelerations 

VO2 Oxygen consumption rate 

VO2GET VO2 at GET 

VO2peak Peak oxygen consumption rate 
WG Water group 
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INTRODUCTION 

Exercise training at a higher intensity relative to the individual maximal aerobic 

capacity has been recommended for middle-aged and older people to prevent physical 

fitness deterioration with advanced ageing and associated diseases (American College 

of Sports Medicine 2010). However, with ageing, gradually reduced muscle strength in 

the lower extremities occurs, frequently accompanied by knee pain (Muraki et al. 2009), 

which may make it difficult for middle-aged and older people to perform exercise 

training, especially at higher intensities.   

Aquatic exercise has been highlighted as a countermeasure against fitness 

deterioration because reduced body weight due to buoyancy in water may decrease the 

load on knee joints to relieve pain if they have (Bartels et al. 2007; Harrison et al. 1992). 

In addition, increased venous return to the heart with head-out water immersion (Park et 

al. 1999), and thereby increased cardiac stroke volume (Christie et al. 1990), may 

attenuate an increase in plasma lactate concentration during exercise training (Connelly 

et al. 1990). All of these may decrease the subjective feeling of exercise intensity and 

the rating of perceived exertion (RPE), which may make it easier for older people to 

perform walking training in water; however, walking training studies in water have 

typically been conducted with less attention paid to exercise intensity relative to 

individual maximal aerobic capacity compared with that on land (Bocalini et al. 2008; 

Ide et al. 2008; Sanders et al. 2013; Tsourlou et al. 2006). 

To date, the target intensity for exercise training in water has been determined 

according to age-predicted maximal heart rate (HR) (Bocalini et al. 2008; Tsourlou et al. 

2006) or lactate threshold determined by graded cycling exercise on land (Takeshima et 

al. 2002); however, these variables might change in water (Christie et al. 1990; 
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Connelly et al. 1990; Park et al. 1999). In addition, recently, since aquatic treadmills 

have become available, attempts using the equipment have been made to determine the 

walking velocity that is equivalent to the target intensity for walking training in water 

(Hall et al. 2004; Lim and Rhi 2014); however, rheological resistance against body 

movement to the forth direction is minimal when walking on a treadmill compared with 

that in a pool where most people currently perform walking training. Thus, the variables 

determined by graded exercise on land or the walking velocity determined by walking 

on an aquatic treadmill might not represent an adequate target intensity for walking 

training in a pool that would maximize the physical fitness effects.   

Therefore, the present study was conducted to solve this problem. Fig. 1 shows our 

experimental strategy for the present study during the last decade. First, we developed a 

field-based exercise training system according to individual peak aerobic capacity 

(VO2peak) for walking on land, which can be made broadly available for middle-aged 

and older people at low cost, without visiting a gym to use machines, bicycles or 

treadmills, and with less technical and personnel support (Nose et al. 2009). 

Accordingly, we reported that a 70% VO2peak for walking, which was equivalent to 

~35% higher than the gas exchange threshold (GET) for most middle-aged and older 

subjects, could be used to determine a target intensity for interval walking training 

(IWT) for 20 weeks on land to increase thigh muscle strength and the VO2peak by ~10% 

(Nemoto et al. 2007) and to decrease lifestyle-related risk factors by ~20% (Masuki et al. 

2010 & 2015; Morikawa et al. 2011). However, no study has previously evaluated the 

target intensity of IWT in water.   

Based on these previous studies, in the present study, we specifically hypothesized 

that the target intensity derived from the GET during walking in water would be  



EJAP-D-15-00719R1 
6 

 
higher than on land because lactate concentration in plasma and HR at a given intensity 

was reported to decrease during exercise in water compared with on land (Christie et al. 

1990; Connelly et al. 1990; Park et al. 1999). In addition, we hypothesized that subjects 

would accomplish an 8-week walking training in water with a higher target intensity 

than on land and whether their physical fitness increased more. If these hypotheses are 

supported, the information will be helpful for middle-aged and older people who are 

planning to perform IWT in water to enhance their fitness. 

 

METHODS 

Subjects and Protocol 

In March 2013, we recruited subjects by announcing the study to 10,600 

households in Tomi via a city bulletin. The study protocol was approved by the Review 

Board of Human Experiments of the Shinshu University School of Medicine. After 

explaining the protocol to the 42 responders, 34 subjects, who were all non-smokers, 

gave written informed consent and agreed to participate in the study. In general, the 

subjects had a sedentary lifestyle, and had not undergone any particular exercise 

training programme before participating in the present study. After interviewing the 

subjects about their past and current health status using questionnaires in our clinic 

(Mimaki Spa Clinic, Tomi, Japan), we measured their height, body mass, and body fat 

by bioelectrical impedance analysis (BF-800; Tanita, Tokyo, Japan) in a gym (15 m x 15 

m) located in the clinic. Systolic (SBP) and diastolic (DBP) blood pressure data were 

also measured by auscultation after a 10-min resting period. On separate days, we 

measured isometric knee extension (FEXT) and flexion (FFLX) forces, and then, more 

than 24 hours later, we measured GET and VO2peak during a graded cycling exercise, 
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and further, more than 48 hours later, we measured VO2peak during a graded walking 

exercise on land for all subjects in both groups. The details of the measurements are 

described below.  

As in Fig. 2, we randomly divided the 34 subjects equally into the land (LG) and 

water (WG) groups, which performed IWT on the land or in water, respectively. Due to 

staff and training instruments limitations, we further divided each group into 1st and 2nd 

subgroups, starting the IWT in April 2013 and in August 2013, respectively. In addition, 

for the WG, we also measured the GET and VO2peak during a graded water walking 

exercise in a pool. After the 8-week IWT protocol, we measured the same variables as 

before the training. 

The atmospheric temperature in the gym and in the pool area was 20-27ºC and 

25-34ºC, respectively, while the relative humidity in the gym and in the pool area was 

20-60% and 22-78%, respectively. The water temperature in the pool was 31 ºC. 

A subject from the LG abandoned the training protocol due to health issues, and 

another subject was absent from the second follow-up measurement session after the 

training. In addition, a subject in the WG abandoned the training due to family issues.  

Therefore, we analysed the results in a total of 15 and 16 subjects in the LG and WG, 

respectively. They accomplished the training protocols without any harmful events. The 

physical characteristics of the subjects are presented in Table 1 and Table 2. 

 

Measurements 

VO2peak during a graded cycling test 

We determined VO2peak by the graded cycling test in an upright position for all 

subjects (Ergomedic825E; Monark, Stockholm, Sweden) on a flat floor (land) in the 
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gym to confirm the reliability of the value separately determined by the graded walking 

test on land as described below. After the baseline measurements at rest for 3 min, the 

subjects started pedalling at 60 cycles·min-1 without loading for 3 min and then at 15 

watts for another 3 min. The intensity was increased in 15 watt increments every 2 min 

until exhaustion. During the exercise, we measured the oxygen consumption rate (VO2) 

and the carbon dioxide production rate (VCO2) of every breath using a respiratory gas 

analyser (Metamax3B; Cortex, Leipzig, Germany). HR was recorded using an ECG 

(Polar; Vantage NV, Kempele, Finland). The measurements were averaged every 10 sec 

and recorded. The criteria for judging whether exercise intensity reached peak values 

were that 1) subjects were not able to maintain a rhythm of 60 cycles·min-1 or that 2) the 

respiratory quotient (RQ) increased to over 1.1. VO2peak was determined by averaging 

the three highest consecutive values at the end of exercise. We confirmed that the RQ 

values at VO2peak were 1.25±0.02 and 1.26±0.03 l·min-1 in the LG and 1.21±0.03 and 

1.18±0.02 l·min-1 in the WG before and after training, respectively, which was 

significantly higher than 1.1 (all, P < 0.0001), and there were no significant differences 

between the measurements (all, P > 0.1).   

The VO2 at GET (VO2GET) was determined by three investigators who did not know 

to which groups the subjects belonged based on a profile of VCO2 response to VO2 

averaged every 10 sec throughout the test using the V slope method (Beaver et al. 1986), 

and the intermediate value of the three values was adopted.  

 

VO2peak during a graded walking test on land and in water 

We measured VO2peak for walking in all subjects on land and in water, respectively, 

by a graded walking test. At first, they walked on a flat floor in the gym at four 
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subjectively graded velocities—at rest, slow, moderate and the fastest, equivalent to ~6, 

~11, ~14, and ~19 points of the Borg Scale (RPE) —for a period of 3 min at each speed. 

During the fastest walking, subjects were encouraged by the investigators with cheer 

and clap their hands to reach their maximal velocity. Although the velocity varied 

according to the subjects, they were assumed to be 0, ~50, ~75, and ~100 m·min-1, 

respectively, on average (Yamazaki et al. 2009). Then, after they were randomly divided 

into the LG and WG, the subjects in the WG underwent a similar test in the pool while 

immersed in water up to the xiphoid process (25 m pool, ~110 cm from the bottom).  

During the test, in both conditions, the VO2, VCO2, and HR were measured with 

the same devices as during the graded cycling test (Fig. 3). In addition, the accelerations 

were measured every 5 sec using a tri-axial accelerometer (JD Mate; Kissei Comtec, 

Matsumoto, Japan). During the test on land, the accelerometer was carried on the 

mid-clavicular line of the right waist, whereas during the test in the pool, it was carried 

on the occipital region of the head to avoid getting wet. Additionally, during the test on 

land, the devices used for measuring the respiratory gas, weighing ~800 g, were carried 

on the shoulders of the subjects. On the other hand, during the test in the pool, the 

devices were placed in a butterfly net and carried by the staff walking outside of the 

pool alongside the subjects walking in the pool; accordingly, the devices could be 

located above the subjects head without getting wet.  

Fig. 3A shows a trend graph of the HR, VO2, and VCO2 responses of the subjects 

during the graded walking tests. The VO2peak and HR peak (HRpeak) for the land and 

water walking tests were determined by averaging the three highest consecutive values 

at the end of exercise. Then, as in Fig. 3B (lower), the VO2GET was determined from a 

profile of VCO2 response to VO2 averaged every 10 sec throughout the test for 12 min, 
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as in the graded cycling test (Beaver et al. 1986). Finally, HR at a given VO2 at rest, 

GET (HRGET), and the highest common VO2 observed in both conditions, which was 

lower VO2peak level of the two conditions, were compared between the two conditions, 

according to the procedure shown in Fig. 3B (upper). These results are summarised in 

Fig. 4 & Table 2. 

The measurements averaged every min were also used to determine the regression 

equations used to estimate the VO2 from the vector magnitude (VM, G) of the 

accelerations measured during the IWT on land for the LG (Yamazaki et al. 2009) and 

in water for the WG (Fig. 5). 

 

Thigh muscle strength 

We measured the FEXT and FFLX on the dominant side of the leg with an isometric 

force metre (GT330; OG Giken, Okayama, Japan) in duplicate while the knee angle was 

fixed to 60 degrees; the highest value was used in the analysis. The measurements were 

performed by the staff members, who remained unaware of the group assigned to the 

evaluated subjects. 

 

Training for WG 

The subjects were instructed to repeat 6 sets of fast and slow walking 3 min 

intervals in the same pool as for the pre-training test while immersed in water up to the 

xiphoid process and to perform that training session for more than 4 days·week-1 for a 

period of 8 weeks. We allocated the pool for subjects at 3 times a day—12:00-13:00, 

18:00-19:00, and 20:30-21:30—5 days a week, from Tue to Sat, allowing them to freely 

use the pool one time a day on more than 4 days a week, according to their convenience. 
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The target intensity for the fast walking intervals was 35% higher than the VO2GET 

determined by graded walking in water before the training. We instructed subjects to 

perform fast and slow walking of IWT above and below the target intensity, respectively, 

with subjective feeling of 16-18 and 10-12 points for the Borg Scale, respectively. In the 

WG, the target intensity was 1.26 ± 0.1 l·min-1, which is equivalent to 91% of the 

VO2peak value determined by the pre-training graded walking test on land. A beeping 

signal from a JD Mate device alerted the subjects when a change of intensity was 

scheduled, and another melody informed them when more than the target intensity level 

was attained. Energy expenditure data, monitored with the JD Mate device carried on 

the occipital region of head during training, are presented in Table 3. 

After the start of training, subjects visited the clinic every week, and the data from 

the JD Mate devices were transferred over the internet to a server located in the 

administrative centre and received the evaluation for their achievement from the server 

(Nose et al. 2009).  

  

Training for LG 

The subjects in both LG subgroups performed IWT in the same period as those in 

their corresponding WG subgroup. After the graded walking test, the subjects were 

instructed to repeat 6 sets of 3 min fast and slow walking intervals per day, for more 

than 4 days·week-1 during 8 weeks. To accomplish this, similar to the WG training, we 

allocated the gym to subjects 3 times per day 5 days a week, allowing them to freely use 

the gym one time a day more than 4 days a week, according to their convenience. 

The target intensity for the fast walking intervals was 35% higher than the VO2GET 

value determined during the pre-training graded walking test on land. We instructed 
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subjects to perform fast and slow walking of IWT as in the WG. For the LG, the target 

intensity was 1.09 ± 0.1 l·min-1, equivalent to 76% of the pre-training VO2peak for 

walking. The subject’s energy expenditure during training was monitored using a JD 

Mate device carried on the mid-clavicular line of the right waist. These data are 

presented in Table 3. Subjects visited the clinic every week, and the data from their JD 

Mate device were transferred over the internet to a server in the administrative centre 

and received the evaluation for their achievement from the server (Nose et al. 2009).  

 

Statistical analyses 

A one-way ANOVA for the repeated measures was used to determine the significant 

differences in the slopes and the intercepts of regression equations for VO2 versus HR. 

The model was also used to examine the significant differences in HR at a given VO2 

between on land and in water; at rest, GET, and the highest common VO2 observed in 

both conditions during the graded walking test (Fig. 4). Further, this model was used to 

determine the significance in the inter-group differences observed for the training 

achievements (Table 3).  

A two-way [(before and after training) x groups] ANOVA for repeated measures 

was used to determine the significant differences in the physical characteristics (Table 

1), HRpeak, VO2peak, HRGET and VO2GET (Table 2) between before and after training and 

between groups, with a significant interactive effect of [(before and after training) x 

group] on these variables. This model was also used to determine the significant 

differences in the fast walking VO2 values over time during the training weeks and 

between the groups (Fig. 6) and the significant differences in FEXT and FFLX (Figs. 7A & 

B) before and after training and between groups, with a significant interactive effect of 
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[(training weeks) or (before and after training) x groups] on these variables. After 

confirming the significant differences using ANOVA, a Tukey-Kramer test was used as 

a post-hoc test to determine the significant differences in pairwise comparisons. Values 

are presented as the mean and standard error (SE). The null hypothesis was rejected 

when P < 0.05. 

The standard regression analysis was used to determine the regression equations 

between VM versus VO2 with the 95% confidence limits (Fig. 5) and between VO2 

versus HR during the graded walking test on land and in water. The analysis was also 

used to compare VO2peak for walking with that for cycling in individual subjects to 

determine the regression equation with the 95% confidence limits (Fig. 8).  

To examine the possibility of Type II error for the analyses (Cohen 1988), we 

present the statistical power (1- ) in the text, at  for both groups, when the 

variables increased significantly after training or when the increases were significantly 

greater in the WG than in the LG (Table 2 & 3). In addition, we present the effect size 

(  in the text at  in the comparisons of the key variables in the present study, 

VO2peak between for walking and for cycling (Table 2), HR at a given VO2 and VO2GET 

during the graded walking test between in water and on land (Fig. 4 & Table 2), and the 

exercise intensity for fast walking during training between the WG and LG (Fig. 6).   

 

RESULTS 

Pre-training physical characteristics of the subjects before training 

As presented on the left columns for each group in Table 1, there was no significant 

difference in height, body mass, body mass index (BMI), body fat, SBP, or DBP 

between the LG and the WG before training. Similarly, as shown in the left/upper 
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columns in Table 2, there were no significant differences in HRpeak, VO2peak for walking 

and cycling, HRGET, and VO2GET on land between the LG and the WG (all, P > 0.1).   

 

Relationship between VM versus VO2 during the graded walking test on land and in 

water 

Fig. 5 shows the relationship between the VM (G) and the VO2 (ml·kg-1·min-1) 

values during the graded walking test both on land and in water before training. The 

VM represents the sum of the vector magnitude calculated from the tri-axial 

accelerations. Before training, the regression equation for walking in water, determined 

in 16 subjects for the WG, was VO2 (y) = 0.187 VM (x) + 4.802 (R2 = 0.807, P = 0.001) 

and that for walking on land, determined in 31 subjects pooled from the WG and LG, 

was y = 0.055x + 3.437 (R2 = 0.916, P = 0.001) with significantly higher slope (P < 

0.001) and marginally higher intercept (P = 0.055), in water than on land. We confirmed 

that the 95% confidence limit of regression equation was within ±1.0 ml·kg-1·min-1 for 

walking in water and ±0.5 ml·kg-1·min-1 for walking on land over the range of VM 

variation. We confirmed this also after training; y = 0.201x + 5.244 (R2 = 0.845, P = 

0.001) in 16 subjects for the WG versus y = 0.056x + 4.076 (R2 = 0.888, P = 0.001) in 

31 subjects pooled from both groups with a significantly higher slope (P < 0.001) and 

intercept (P = 0.012) in water than on land (not shown in the figure).  

 

GET and HR at a given VO2 during graded walking on land and in water  

We compared VO2GET during graded walking on land and in water for the WG. As 

shown in the left/lower column of the WG in Table 2, VO2GET was significantly higher 

in water than on land before training (P < 0.01), which was also confirmed after training 
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(P < 0.001). 

We examined whether HR at a given VO2 was lower in water than on land during 

the walking test. First, we determined the regression equations between the VO2 and the 

HR values during the graded walking test, on land and in water, for 16 subjects in the 

WG before training. The slope determined for 16 subjects was similar in water and on 

land, 57.4 ± 3.3 versus 53.6 ± 2.9 beats·l-1 (P = 0.179), while the intercept was 

significantly lower in water than on land, 54.3 ± 2.5 versus 62.5 ± 1.7 beats·min-1 (P = 

0.001, 1- = 0.970, ).  

Next, we compared the HR response to a given VO2 at rest, GET, and the highest 

common VO2 observed in both conditions. As in Fig. 4, we confirmed that HR at rest 

was significantly lower in water than on land (P = 0.001, 1- = 0.968, ) (Fig. 

4 left), whereas the VO2 was significantly higher in water than on land (P = 0.023). 

Furthermore, the HRGET in water was similar to that on land (P = 0.07) (Fig. 4 middle), 

whereas the VO2GET was significantly higher in water than on land (P = 0.001, 1- = 

0.958, ) (Table 2).  Finally, we found that HR at the highest common VO2 

observed in both conditions was significantly lower in water than on land (P = 0.023, 

1- = 0.655, ) (Fig. 4 right), with similar VO2 measurements (P > 0.6).  

In addition, though not shown in the figure, we confirmed these in the WG after 

training; HR at rest was significantly lower in water than on land, 66 ± 2 versus 73 ± 2 

beats·min-1 (P < 0.001, 1- = 0.993, ) with similar VO2 measurements of 0.26 

± 0.01 versus 0.25 ± 0.01 l·min-1 (P > 0.08). Furthermore, although HRGET was slightly 

but significantly higher in water than on land (P = 0.012), the VO2GET was markedly 

higher in water than on land (P < 0.001, 1- = 0.999, ) (Table 2). Finally, HR 
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at the highest VO2 obtained in both conditions was significantly lower in water than on 

land, 134 ± 4 versus 144 ± 4 beats·min-1 (P < 0.001, 1- = 1.000, ), with 

similar VO2 measurements of 1.54 ± 0.06 versus 1.54 ± 0.06 l·min-1 (P = 0.210, 1- = 

0.232, ). 

These results strongly suggest that HR at a given VO2 was significantly lower in 

water than on land before and after training. 

 

Training achievements 

Table 3 shows the training achievements in the LG and the WG. The exercise 

intensity was 13.6% (P = 0.023, 1- = 0.640) and 49.3% (P < 0.001, 1- = 1.000) higher 

in the WG than in the LG during the fast walking and slow walking intervals, 

respectively. In addition, during training, the fast walking time per day was 41.4% 

longer (P = 0.005, 1- = 0.829) and the total VO2 value for an 8-week training period 

was 36.6% higher (P < 0.001, 1- = 0.985) in the WG compared with the LG. 

Fig. 6 shows the VO2 values for the fast walking intervals, measured on the last 

walking day of every week for training. The VO2 values are significantly higher in the 

WG than in the LG after the 4th week (P < 0.037, 1- > 0.563 ), with significant 

interactive effects of [training weeks x groups] on the variable (P = 0.005, 1- = 0.932, 

), suggesting that exercise intensity increased along with advancing training 

in the WG more than in the LG.   

 

Effects of IWT on land and in water 

As shown for each group in the right columns of Table 1, after training, the body 
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mass and BMI decreased in both groups (all, P < 0.02, 1- > 0.688), but with no 

interactive effect of [(before and after training) x group] on the variables (all, P > 0.4) . 

As shown for each group in the right/upper columns of Table 2, after training, the 

VO2peak and VO2GET values for walking on land and cycling increased in the WG (all, P 

< 0.001, 1- > 0.195), while in the LG, only the VO2peak for cycling increased (P < 0.001, 

1- = 1.000), with a significant interactive effect of [(before and after training) x 

groups] on the VO2peak and VO2GET values only during cycling (P < 0.03, 1- > 0.598, 

), indicating significantly greater increases in the VO2peak and VO2GET in the 

WG than LG. Additionally, as in the right/lower column in Table 2, the VO2peak for 

walking in water increased in the WG (P = 0.001, 1- = 0.967). However, despite the 

significant increases in VO2peak and VO2GET, the HR values at VO2peak and VO2GET 

remained unchanged after training in the WG and LG (both, P > 0.3). 

Fig. 7A and B show the pre- and post-training FEXT and the FFLX values before and 

after training for both groups. After training, the FEXT and FFLX in the WG increased by 

11.5% (P < 0.001, 1- 0.985) and 11.6% (P < 0.001, 1- 0.997), respectively, while 

neither increased in the LG (both, P > 0.3), with significant interactive effects of 

[(before and after training) x groups] on both the FEXT (P = 0.028, 1- = 

0.606,  ) and the FFLX (P = 0.001, 1- = 0.926,  ), indicating 

significantly greater increases in the FEXT and FFLX in the WG than the LG.. 

 

VO2peak for walking and cycling 

Fig. 8 shows the relationship between VO2peak for cycling and walking in both 

groups before and after training.  As shown in the figure, the values were significantly 
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correlated (R2 = 0.493, P < 0.001 and the regression equation was y = 0.85 x + 0.312, 

with less than ± 0.08 l·min-1 of 95% confidence limit over the range of VO2peak variation, 

suggesting that the VO2peak for walking was almost identical to that for cycling. When 

the values from before and after training were pooled, the VO2peak for walking was 

significantly higher than that for cycling—1.46±0.03 versus 1.35±0.03 l·min-1, 

respectively (P < 0.0001). 

 

DISCUSSION 

The major findings of this study are the following: the HR at a given VO2 was 

lower and the VO2GET was higher; therefore, subjects walked at higher intensity at a 

given RPE; and the overall training effect was greater in water than on land. This is the 

first study to rigorously quantify and compare land- versus water-based exercise 

training programs that have been designed to be as comparable as possible and based on 

detailed individual physiological information. 

 

HR and GET during graded walking on land and in water  

Before the initiation of training, we found that the HR at a given VO2 during graded 

walking was reduced in water compared with that on land from the regression analysis 

between HR versus VO2 and also from the HR responses to VO2 at rest, VO2GET, and 

the highest common VO2 observed (Fig. 4). Additionally, we found that VO2GET was 

increased in water compared with that on land. These findings were consistent with the 

previous results on young subjects for whom cardio-respiratory and plasma lactate 

concentration responses to graded cycling exercise were compared between on land and 

in water (Park et al. 1999; Christie et al. 1990; Connelly et al. 1990). As one of the 
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mechanisms, it was suggested that the responses in water were caused by increased 

venous return to the heart with enhanced peripheral venous blood pressure due to the 

compression of the lower body by water pressure.  

 

The relationship between VM versus VO2 during the graded walking test on land and in 

water 

As shown in Fig. 5, before training, the slope of VM versus VO2 during the graded 

walking test in water was 3-fold higher than that on land. We confirmed this also after 

training. Further, we confirmed that the regression equations on land in the present 

study were identical to those reported previously (Iwashita et al. 2003; Yamazaki et al. 

2009). The reason for the higher slope in water than on land is that the accelerations in 

the back-forth, right-left, and up-down directions with body movement during walking 

decreased with rheological resistance and/or the buoyancy of water. Thus, VO2 at a 

given VM was higher during walking in water than on land; however, more importantly 

in the present study, VM was highly correlated with VO2 during walking in water as 

well as on land. Thus, VM can be used to estimate VO2 during walking according to the 

regression equations determined in each condition. 

 

Exercise intensity during IWT on land and in water  

Because VO2GET was ~0.1 l ·min-1 higher in the WG than in the LG (Table 2) and 

because the target intensity for fast walking during training was set as 35% higher than 

VO2GET in each condition so that HR was similar between the groups (Table 2 & Fig. 4), 

the exercise intensity for fast walking was ~0.1 l·min-1 higher in the WG than in the LG 

for the first week of training; this difference was not significant, most likely because the 
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group included different subjects. A significantly higher exercise intensity for fast 

walking in the WG than in the LG was observed after the 4th week (Fig. 6), which was 

likely caused by progressive increases in the VO2GET, VO2peak (Table 2), and thigh 

muscle strength values (Fig. 7) acquired by a higher intensity of training in water as 

confirmed after the 8th week. As a result, the average fast walking intensity and times 

per day over an 8-week training period were significantly higher in the WG than in the 

LG (Table 3). Thus, the higher intensity of the fast walking training in the WG than in 

the LG was likely achieved because of the increased VO2GET, attenuated increase in HR, 

and most likely therefore reduced RPE during IWT in water (Table 2 & Fig. 4). 

 

The discrepancy between fast walking intensity during training and target intensity 

As in the Table 3, the fast walking intensity was ~0.3 l·min-1 higher than the target 

intensity in both groups because subjects were instructed to perform at greater than the 

target intensity and also because the JD Mate device did not tell them that the walking 

intensity exceeded the target level before calculating the mean value for the 1-min 

interval. In addition, because subjects were instructed to perform fast walking with 

16-18 points of the Borg scale, the intensity for fast walking increased as physical 

fitness increased, as after the 4th week in the WG (Fig. 6).  Similarly, when physical 

fitness increased with training, the absolute intensity of slow walking with similar RPE 

sometimes exceeded the target intensity so that the time for fast walking was prolonged 

while that for slow walking was shortened compared with the scheduled time for each 

walking (Table 3). Thus, the higher level than the target intensity and the prolonged 

time of fast walking during training were due to the program installed in the JD Mate 

device and to increased physical fitness with training.  
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Other possible factors causing an increase in walking intensity in the WG 

The subjects in the WG may have received psychological bias from us to perform 

fast walking with a higher RPE than in the LG, although we paid maximal attention to 

avoid this. However, this bias was unlikely because, for example, as in Fig. 6, subjects 

in the WG performed fast walking at 108% of the pre-training VO2peak for walking on 

land for the 1st week of training, and, if they had performed fast walking on land at the 

same intensity, the HR would have increased to 153 beats·min-1, which is 11 beats·min-1 

higher than HRpeak for walking on land, equivalent to 95% of the age-predicted maximal 

HR, suggesting that they would not have been able to perform fast walking at the 

intensity on land even if they had attempted to do it. Therefore, it is reasonable to 

conclude that, again, the reduction in HR at a given VO2 and the upward shift of GET 

enabled them to perform at such a high intensity of fast walking in the WG due to 

reduced RPE with a high retention of subjects throughout the training period.   

However, the possible effects of less feedback from sore joints and muscles due to 

buoyancy and less increased body temperature due to enhanced heat dissipation 

mechanisms in water on the higher walking intensity for the WG were not excluded in 

the present study. 

 

Benefits of VO2peak for walking determination 

It is difficult to determine maximal/peak aerobic capacity in a large population of 

subjects by treadmill running or cycle ergometer exercise in the field because of 

instrumental and personnel limitations (Fig. 1). Instead, although HR is generally used 

as an indicator for the target intensity of exercise training in the field (American College 
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of Sports Medicine 2010), the response at a given VO2 varies according to individual 

physical fitness level and conditions such as dehydration, and environmental conditions 

such as atmospheric temperature, altitude, and whether the exercise is on land or in 

water, as in the present study. Therefore, to obtain the certain effects of IWT in a large 

population of subjects, we needed to determine VO2peak for walking with a graded 

walking test with a tri-axial accelerometer (Iwashita et al. 2003; Yamazaki et al. 2009), 

confirmed that the value was almost identical to that for cycling (Fig. 8), and 

accordingly, not a few studies regarding the effects of on-land IWT on physical fitness 

and the symptoms of lifestyle-related diseases have been published (Nemoto et al. 2007; 

Lalande et al. 2010; Morikawa et al. 2011; Nakajima et al. 2010; Zhang et al. 2015; 

Karstoft et al. 2013 & 2014; Morishima et al. 2014). Based on these previous results, in 

the present study, we determined the target intensity for fast walking in water for 

middle-aged and older people planning to perform IWT in a pool to enhance their 

physical fitness. 

 

Perspectives 

The rapid growth in the elderly population in many countries has highlighted the 

importance of exercise training to decrease the likelihood of disability and 

age-associated diseases. In Japan, the population over 65 years old was 25.1% of the 

total in 2013 but will increase to over 31.6% by 2030 (Hunter et al. 2003). In such a 

worldwide advanced ageing society, the number of patients with knee osteoarthritis has 

been increasing (Felson et al. 2000; Muraki et al. 2009). Muraki et al. (2009) suggested 

that ~70% women and ~50% men aged over 65 years old in Japan suffer from knee 

osteoarthritis, and half of them feel difficulty in their daily physical activity because of 
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knee pain. To prevent this, exercise training to increase thigh muscle strength is 

recommended for middle-aged and older people before they reach this age (Slemenda et 

al. 1998; Silva et al. 2008). However, no training regimen for middle-aged and older 

people to perform in water has been available because the target intensity for training is 

not precisely determined in water according to individual physical fitness (Kamioka et 

al. 2010). Therefore, IWT in water could be one of the candidates to solve the problem. 

In the present study, we found that 16 of 17 subjects accomplished the IWT program in 

a pool for 8 weeks even when the target intensity for fast walking was set at 91% of 

VO2peak for walking on land, 15% higher than that on land, so that after training, their 

thigh muscle strength as well as aerobic capacity increased by the similar degrees as in 

the previous studies on land (Morikawa et al. 2011; Nemoto et al. 2007), even within a 

shorter training period.   

In summary, the VO2GET increased and HR at a given VO2 decreased in 

middle-aged and older women during walking-in-water exercises compared with those 

on land, which enabled them to perform exercise at a higher metabolic rate than on land 

due to improved subjective feelings, which, for these subjects, resulted in greater gains 

in physical fitness. 
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FIGURE LEGENDS 

Fig. 1: 

Our experimental strategy for the present study during the last decade.  First, to extend 

exercise training for middle-aged and older people according to individual fitness level 

from a gym/laboratory to the field, we developed the graded walking test to determine 

peak aerobic capacity (VO2peak) for walking using a tri-axial accelerometer (Iwashita et 

al., 2003; Yamazaki et al., 2009), and then, based on the values, we instructed them to 

perform interval walking training (IWT) on land and confirmed that the effects (Masuki 

et al., 2010 & 2015; Morikawa et al., 2011; Nemoto et al., 2007) were almost equivalent 

to those of machine training (American College of Sports Medicine 2010). The purpose 

of the present study was to determine the target intensity for those who are planning to 

perform IWT in water to enhance physical fitness. 

 

Fig. 2: 

A timeline of the experiment. IWT, interval walking training; LG, a group performing 

IWT on land; WG, a group performing IWT in water. Each group was divided into the 

1st and 2nd subgroups, starting IWT in April and August, 2013, respectively, due to 

instrumental and personnel limitations. 

 

Fig. 3: 

Fig. 3 (A) shows a trend graph of the heart rate (HR), oxygen consumption rate (VO2, 

l·min-1), carbon dioxide production rate (VCO2) every 10 sec in a subject during the 

graded walking test in water and on land. R, rest; S, slow; M, moderate; and F, the 

fastest speed of walking. An upward arrow indicates VO2peak for walking on land and a 
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downward arrow indicates the VO2 value for walking in water equal to the VO2peak on 

land. We named the values as “the highest common VO2
” observed in both conditions.  

We compared HR at the highest VO2 between the conditions. Fig. 3 (B) shows HR and 

VCO2 responses to VO2 during the graded walking tests in water and on land. The gas 

exchange threshold (GET) in water was determined by V slope method (Beaver et al. 

1986); then, the HR values at GET (HRGET) were determined.     

 

Fig. 4: 

Heart rate (HR) at a given oxygen consumption (VO2, l·min-1) at rest, the gas exchange 

threshold (GET), the highest common VO2 observed in both conditions (Highest VO2). 

The individual and mean values of HR for 16 subjects for the WG are shown for the 

on-land trial (open circles) and for the in-water trial (closed circles). The corresponding 

VO2 values are shown as the mean values for the on-land (open column) and the 

in-water (closed column) trials. *, **, Significant differences versus on-land trial at P < 

0.05 and P < 0.01, respectively. 

 

Fig. 5: 

Relationship between the oxygen consumption rate (VO2, ml·kg-1·min-1) and the vector 

magnitude of tri-axial accelerations (VM) during graded walking tests on land and in a 

pool (water) before IWT. The values of 31 subjects from the WG and the LG in the land 

trial and the values of 16 subjects in the water trial from the WG for the last 30 sec of 

rest, slow, moderate, and the fastest walking periods (3 min each) were pooled. See text 

for a description of the regression analyses. Regression lines (solid lines) and area for 

95% confidence limits (dotted lines) are shown. 
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Fig. 6: 

Fast walking exercise intensity measured on the last walking day of every week during 

training. The means and SE bars include the results of 16 subjects in the WG and 15 

subjects in the LG. †, ††, Significant differences in the VO2 between the WG and the LG, 

at P < 0.05, and P < 0.01; ##significant interactive effects of [training weeks x groups] 

on the VO2 for the fast walking at P < 0.01.  

 

Fig. 7:  

Isometric knee extension (FEXT) (A) and flexion (FFLX) (B) forces before and after 

training, presented as the means and SE bars including the results from 16 and 15 

subjects in the WG and the LG, respectively. ***Significant differences versus the 

pre-training values for each group at P < 0.001; #, ##, significant interactive effects of 

[before and after training x groups] on the VO2GET for cycling, FEXT, or FFLX at P < 0.05 

and P < 0.01, respectively.  

 

Fig. 8: 

Relationship between peak oxygen consumption rate (VO2peak) for walking on land 

versus that for cycling in the water (WG) and land (LG) groups before and after training. 

A regression line (a solid line) and an area for 95% confidence limits (dotted lines) are 

shown. 
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Table 1: Physical characteristics of subjects before and after training 

 

 LG (N = 15)     WG (N = 16)  2-Way ANOVA 

 Before       After  
                

Before  After  
P values for 
interaction 

Age, yr         59.4 ± 1.4  -  59.4 ± 1.5   -   - 

Height, cm  157.6 ± 1.3  -  158.6 ± 0.9   -   - 

Body mass, kg 59.1 ± 1.7 58.2 ± 1.6 ** 59.5 ± 2.9  58.8 ± 2.7 * 0.535  

BMI, kg·m-2 23.8 ± 0.6 23.4 ± 0.6 ** 23.6 ± 1.1  23.3 ± 1.0  * 0.472  

Body fat, % 32.1 ± 1.5 30.6 ± 1.1 * 29.4 ± 1.9  28.3 ± 1.8 0.634  

SBP, mmHg     126.5 ± 4.3 123.9 ± 5.2 124.1 ± 5.1  116.3 ± 3.5 0.444  

DBP, mmHg 78.4 ± 3.5 75.7 ± 4.0  74.4 ± 3.1  69.9 ± 2.1 0.638  
 

BMI, body mass index; SBP, systolic blood pressure; DBP, diastolic blood pressure. Mean ± standard error (SE) in groups performing 8-week interval 

walking training on land (LG) and in water (WG), respectively. * and ** represent significant differences versus before training in each group at P < 

0.05 and P < 0.01, respectively. The P values for interaction indicate the presence of a significant interactive effect of [(before and after training) x 

group]. 

 

 

 

 



 
 

 

Table 2: HR and VO2 at peak exercise intensity during graded walking and cycling tests before and after training 
 

  LG (N=15    WG (N=16) 2-Way ANOVA 

  Before After  
           

Before  After  
 P values for 
Interaction 

L-walking HR peak, beats·min-1 140 ± 3 138 ± 4 142 ± 4  146 ± 4 0.306 

 VO2 peak, l·min-1 1.43 ± 0.08 1.49 ± 0.07 1.39 ± 0.07  1.54 ± 0.06 ** 0.227 

 HR GET, beats·min-1 96 ± 2 95 ± 3 97 ± 2  98 ± 3  0.513  

 VO2 GET, l·min-1 0.81 ± 0.04 0.86 ± 0.06 0.81 ± 0.04  0.93 ± 0.04 ** 0.170  

Cycling HR peak, beats·min-1 142 ± 3  146 ± 3 †  149 ± 4 † 150 ± 3 0.308 

 VO2 peak, l·min-1 1.23 ± 0.05 †† 1.37 ± 0.05 *** † 1.28 ± 0.06 † 1.51 ± 0.06 *** 0.015 

 HR GET, beats·min-1 100 ± 3 96 ± 3 102 ± 4  101 ± 4  0.436  

 VO2 GET, l·min-1 0.76 ± 0.04 0.80 ± 0.03 0.75 ± 0.04  0.86 ± 0.05 *** 0.030  

W-walking HR peak, beats·min-1 -  -  139 ± 4  138 ± 4 ††   

 VO2 peak, l·min-1 -  -  1.44 ± 0.08  1.61 ± 0.08 ** †   

 HR GET, beats·min-1 -  -  100 ± 2  103 ± 2 †   

 VO2 GET, l·min-1 -  -  0.92 ± 0.04 †† 1.06 ± 0.04 *** †††  
 

L-walking, graded walking test on land; Cycling, graded cycling test on land; W-walking, graded walking test in water; HRpeak, peak heart rate; VO2peak, peak 



 
 
oxygen consumption rate; HRGET, heart rate (HR) at the GET; VO2GET, VO2 at the gas exchange threshold (GET). Mean ± SE in the groups. ** and *** versus the 
values before training in each group at P < 0.01, and P < 0.001, respectively. †, ††, and ††† versus the values in L-walking at P < 0.05, P < 0.01, and P < 0.001, 

respectively. The P values for interaction indicate the presence of a significant interactive effect of [(before and after training) x group]. Other abbreviations are 

the same as in Table 1. 



 
 
Table 3: Training achievements 

 

 LG (n = 15) WG (n = 16)  

Total walking days 31.2 ± 0.8 31.1 ± 0.9  

Walking days·week-1  3.9 ± 0.1 3.9 ± 0.1  

Fast walking        

Time, min·walking day-1  18.1 ± 0.8 25.6 ± 2.3 ** 

§Intensity, l·min-1  1.40 ± 0.05 1.59 ± 0.06 * 

Slow walking        

Time, min·walking day-1  18.4 ± 1.2 11.5 ± 2.3 * 

§Intensity, l·min-1  0.73 ± 0.04 1.09 ± 0.05 *** 

Total VO2, l  1213 ± 57 1657 ± 85 *** 

 

Values presented as the mean ± SE in each group. *, **, and *** versus the values in LG at P < 0.05, P < 0.01, and P < 0.001, respectively. Other 

abbreviations are the same as in Table 1. §Resting oxygen consumption is included. 

 


