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Abstract

Background: Low cardiorespiratory fitness is an independent predictor of all-cause and cardiovascular mortality, and interventions that increase fitness
reduce risk. Water-walking decreases musculoskeletal impact and risk of falls in older individuals, but it is unclear whether water-walking improves aer-
obic fitness in the same way as weight-dependent land-walking. This randomized controlled trial involved 3 intervention groups—a no-exercise control
group (CG), a land-walking (LW) group, and a water-walking (WW) group—to investigate the comparative impacts of LW and WW to CG on fitness.
Methods: Both exercise groups attended individually tailored, center-based, intensity-matched 3 x weekly sessions for 24 weeks, which pro-
gressed to 150 min of exercise per week. This was followed by a 24-week no-intervention period. Maximal graded exercise tests were performed
on a treadmill at Weeks 0, 24, and 48.

Results: Maximal oxygen uptake increased from Week 0 to Week 24 in both exercise groups (0.57 = 0.62 mL/kg/min, 0.03 + 0.04 L/
min for LW; 0.93 £+ 0.75 mL/kg/min, 0.06 £ 0.06 L/min for WW, mean + SE) compared to the CG (—1.75 £ 0.78 mL/kg/min, —0.16
4+ 0.05 L/min) (group x time, p < 0.05). Time to exhaustion increased significantly following LW only (123.4 £ 25.5 s), which was sig-
nificantly greater (p =0.001) than the CG (24.3 £ 18.5 s). By Week 48, the training-induced adaptations in the exercise groups returned
to near baseline levels.

Conclusion: Our study supports current physical-activity recommendations that 150 min/week of moderate-intensity exercise produces improve-
ments in fitness in previously sedentary older individuals. Also, LW and WW elicit similar improvements in fitness if conducted at the same rela-
tive intensities. Exercise-naive older individuals can benefit from the lower impact forces and decreased risk of falls associated with WW without
compromising improvements in cardiorespiratory fitness.

2095-2546/© 2020 Published by Elsevier B.V. on behalf of Shanghai University of Sport. This is an open access article under the CC BY-NC-ND
license. (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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1. Introduction individuals and those with established cardiovascular disease.'"

The optimal measure of cardiorespiratory fitness is maximal oxy-

gen uptake (VO,.4), the integrative capacity to transport and uti-

lize O, for the provision of cellular energy, usually determined in

response to a graded exercise test (GXT). An increase in VOypax
Peer review under responsibility of Shanghai University of Sport. of 3.5 mL/kg/ i (1 metab,OhC equivalent) trans.late.s toa 13,%
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Low cardiorespiratory fitness is a potent independent predictor
of all-cause and cardiovascular mortality in apparently healthy
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Land-walking vs. water-walking interventions in older adults

Historically, exercise science research has focused on the
impact of interventions involving bouts of large-muscle-group
dynamic exercise such as walking, running, and cycling,™ the
outcomes of which have driven health guideline development
such as the recommendation that individuals accrue 150 min of
moderate-to-vigorous-intensity physical activity (MVPA) per
week.” Such studies have also fostered the notion that a dose-
response relationship exists between the intensity (or volume) of
exercise undertaken and the consequent fitness gain.” At the same
time, an appropriate clinical exercise prescription recognizes indi-
vidual differences in the capability to undertake exercise, with
improved adherence and adaptation in older individuals resulting
from exercise that is progressively titrated to avoid musculoskele-
tal injury and cardiovascular risk.” In essence, an optimal exercise
prescription in older individuals maximizes the beneficial adapta-
tion whilst minimizing potential risk.

Water-based exercise performed in the upright posture is often
used for older populations’ and those at elevated injury risk,'’
recognizing the decreased gravitational forces and musculoskele-
tal impact on bone and soft tissue structures.'' To date, the major-
ity of water-based exercise training interventions have focused on
water-aerobics, which involve a range of distinct movement pat-
terns, sometimes with the inclusion of some resistance exercises,
and usually performed whilst stationary.” In contrast, walking in
water (WW) is associated with drag force and resistance and
induces distinct gait patterns comparable to land walking (LW)
(i.e., shorter stride length, slower walking speed, and smaller
range of motion in the knees), particularly in older individuals."?
We recently reported changes in body composition favoring
increased lower limb lean body mass as a consequence of WW
compared to LW, suggesting that the greater resistance during
WW could be responsible for muscle mass adaptations that are at
least as beneficial as LW, if not more so.'* This is of particular
importance for older adults vulnerable to age-related muscle
wasting;'* and WW also provides some benefit in terms of
reduced skeletal loading and joint stress,'” in addition to reducing
potential injury as a result of falls. However, to our knowledge, a
direct comparison of the impact of LW vs. WW conducted at the
same relative intensity (% heart rate reserve (HRR)) over a
6-month intervention period concerning cardiorespiratory fitness
has not previously been undertaken in older adults. We, therefore,
designed a randomized controlled trial comparing the impact of a
24-week supervised, monitored, and center-based LW or WW
intervention in previously sedentary older participants, followed
by an additional 24-week no-intervention period for all groups.
Maximal cardiorespiratory fitness was measured at Weeks 0, 24,
and 48. We hypothesized that both forms of exercise would
enhance aerobic capacity relative to a nonintervention control
group (Week 0 vs. Week 24) and that the adaptation would be
reversed following cessation of exercise (Week 24 vs. Week 48).

2. Materials and methods

This study conformed to the Declaration of Helsinki and was
granted approval by The University of Western Australia
Human Research Ethics Committee. All participants provided
written informed consent prior to participation. The study was
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prospectively registered, and a detailed methodologic paper that
includes a consort flow diagram has been published.'® The study
was registered as a clinical trial (ACTRN12614000017628).

A variety of recruitment strategies, including flyers and adver-
tisements in local newspapers and on local radio broadcasts, was
utilized to encourage community-dwelling individuals aged 50 years
and over (females must have been post-menopausal) to contact the
research team for study details. An initial phone screening session
by questionnaire was conducted to ascertain whether potential par-
ticipants met the predetermined inclusion criteria.'® These inclusion
criteria required individuals to be relatively physically inactive
(less than 60 min/week of purposeful physical activity); non-
smokers (> 12 months); alcohol intake lower than 280 g/week
(and/or drinking < 40 g ethanol in 1 session); no injuries or ill-
nesses that would prohibit participation in exercise; no current or
previous disease, such as cardiovascular disease, inclusive of diabe-
tes, heart attack, or stroke; and no associated medical procedures
such as stenting. The use of medications such as beta-blockers,
blood pressure drugs, or lipid-lowering drugs were permitted, pro-
vided that they had been taken regularly for at least 6 months prior
to entering the study. Individuals meeting these criteria attended the
university laboratory to undergo a physical examination to further
determine suitability for inclusion in the study. This included height
and body mass (body mass index < 40 kg/m?), resting blood
pressure (systolic blood press < 160 mmHg, diastolic blood
press < 100 mmHg), fasting blood tests (total cholesterol < 7.0
mmol/L), and urea and creatinine to rule out the presence of abnor-
mal kidney function (<11 mmol/L in men and <9 mmol/L in
women). Individuals satisfying all of these criteria were entered
into the study and attended a session that familiarized them with
the fitness-testing equipment and treadmill walking.

As part of the study, all participants took part in a maximal
exercise test on a treadmill at 3 time points: Week 0 (baseline),
after Week 24 (immediately post-intervention), and after Week
48 (24 weeks post-intervention). Following the baseline test at
Week 0, participants were randomized to one of 3 groups for
interventions that were 24 weeks in duration: LW, WW, or
control group (CG). Participants in the CG were asked to main-
tain their usual level of physical activity and daily living habits
across the 24 weeks. Following the initial 24-week intervention
period and repeated GXT, participants in all groups were
thanked for their involvement and had no contact with the uni-
versity or researchers for an additional 24 weeks (Weeks
24—48). Participants were provided with no deliberate instruc-
tion to either continue or desist from exercise.

2.1. Exercise training interventions

Participants randomized to the 2 exercise groups (LW and
WW) attended the university 3 times/week for 24 consecutive
weeks to take part in either LW or WW, as per group randomi-
zation.'® All sessions were supervised by an experienced exer-
cise physiologist. The LW group took part in outdoor walking
in and around the university grounds and nearby river fore-
shore, which consisted of a combination of paved and short
grass terrain made up primarily of flat surfaces (i.e., no/mini-
mal grade). WW was conducted in a heated (28°C—30°C)
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swimming pool (20 m width x 30 m length) at the university.
Participants walked at a depth approximately reaching the
xiphoid process, which results in 30% weight bearing com-
pared to that on land.'” All sessions commenced with a brief
warm-up, including light aerobic activity and dynamic and
static stretches, and concluded with a cool-down. The exercise
intensity was based on individual HRR values (%),'® with rest-
ing heart rate (HR) derived from a 20-min period of supine rest
and maximum HR (HR,.,) derived from the initial GXT.
Studies of the acute effects of WW have demonstrated that, at
matched HRs, there is a similar oxygen cost relative to
LW,'®!” suggesting that the use of HR as a tool for exercise
prescription is valid and feasible. HRR takes into account dif-
ferences in resting HR among participants and has been rec-
ommended in preference to percentage of HR,.. by the
American College of Sports Medicine (ACSM). WW and
LW groups performed 1 interval and 2 continuous exercise
sessions per week at the same HR intensity. HR was measured
continuously during each session using a Polar RS300X HR
monitor (Polar Electro Oy, Helsinki, Finland) and was docu-
mented every 5 min by the supervising exercise physiologist.
Walking pace was dictated by the exercise physiologist to
ensure that the target HR was reached and maintained.

The exercise sessions initially comprised 15 min of exercise
at an HRR of 40%—45%, building to 50 min at 55%—65%
HRR over the course of the study. Mean HR over the exercise
session was used to determine the intensity (%HRR) achieved
for each individual at every session. Participants were given
the opportunity to make up any missed sessions in order to
maximize adherence by attending extra sessions in the follow-
ing 2 weeks of exercise. Apart from the addition of the exer-
cise sessions as part of the intervention, the LW and WW
groups were asked to maintain their usual lifestyle behaviors
throughout the study. After the 24-week exercise intervention
and subsequent assessments, the study continued for an addi-
tional 24-week period. During this phase, the LW and WW
groups were free to exercise or not, of their own volition.

2.2. Control group

Participants randomized to the CG were advised not to change
their prestudy physical activity routine throughout the interven-
tion period. Once every 6 weeks, participants in the CG attended
the university to participate in seminars that were unrelated to
physical activity or health promotion. The purpose of these semi-
nars was to avoid a possible Hawthorne effect biasing the inter-
pretation of the study results.'®

2.3. GXT and oxygen consumption assessment

A familiarization session exposing participants to the equip-
ment, the treadmill walking procedures, and the GXT protocol
was undertaken before the first formal oxygen-uptake assess-
ment. On a separate day, aerobic fitness was assessed using a
GXT on a treadmill, in line with ACSM recommendations at
the time of the study’s commencement.”’ The protocol com-
prised continuous, incremental exercise, with 3-min stages that

continued until volitional exhaustion.'® Respiration was
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measured continuously throughout the test by using indirect cal-
orimetry (applied electrochemistry oxygen analyzer S-3A and
carbon dioxide analyzer CD-3A; AEI Technologies Inc., Pitts-
burgh, PA, USA), and these data were averaged every 15 s. HR
was recorded using a 12-lead electrocardiogram (Mortara
Instrument X-Scribe, Milwaukee, WI, USA) in the last 30 s of
each stage and at the end of exercise if the test was completed
midstage. VO,.x Was determined as the maximum oxygen
consumption measured for 1 entire minute during the test.

2.4. Physical activity assessment

Daily physical activity was objectively assessed every 15 s for 8
consecutive days using an ActiGraph accelerometer (ActiGraph
GT1M, Pensacola, FL, USA), worn on the right hip and attached
to an elasticized strap. This measurement was included to deter-
mine whether our results were caused by the intervention or
whether changes in daily physical activity may have been a con-
tributing factor. Participants were instructed to wear the device dur-
ing waking hours, but the devices were removed during
participation in the exercise sessions that were part of the interven-
tion. Monitors were worn at Weeks 0, 24, and 48 to determine
whether any changes in lifestyle physical activity occurred around
the prescribed center-based activities. Participants were also asked
to complete a continuous 8-day diary at each time point to record
hours of wear. Data were downloaded using ActiLife software
(Version 6.13.1; ActiGraph, Pensacola, FL, USA), and a member
of the research team, who was blinded to group allocation, proc-
essed the data using a customized Excel macro (Version 2013;
Microsoft Excel, Redmond, WA, USA). Nonwear time was
defined as 60 min of consecutive zeros. Freedson adult cut-points
were used to quantify time spent in light-intensity physical activity
(LPA), moderate-intensity physical activity (MPA), and vigorous-
intensity physical activity (VPA) per day. MPA and VPA were
summed to obtain daily MVPA.*' Data were included if the Acti-
Graph was worn for > 10 h/day on at least 4 days.*

2.5. Statistics

Analyses were conducted using SPSS Version 23.0 (IBM
Corp., Armonk, NY, USA) and STATA Version 15.0 (STATA
Corp., College Station, TX, USA). Data were analyzed on an
intention-to-treat basis. Unadjusted means, SDs, and confidence
intervals were calculated for the fitness outcome variables at
Weeks 0, 24, and 48. Due to the correlated and repeated-measure
nature of the data, separate linear mixed models were used to
investigate the relationship between the fitness variables (VO,
data at max, treadmill time to exhaustion, and peak HR), groups
(CG, LW, and WW), and time (baseline and Week 24) using 2-
tailed tests. These analyses accounted for time invariant covari-
ates, including age and sex, and an interaction between group and
time. A random intercept was included in each model to account
for the repeated nature of the data. These analyses were repeated
to test the maintenance of the intervention (Week 24 to Week
48). Analyses were also conducted with daily physical activity
data by Actigraph (LPA, MPA, MVPA, and VPA) because these
outcomes would examine whether any changes in fitness might
be attributable to changes in habitual and incidental physical
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Table 1
Baseline characteristics of participants (mean £ SD).
Control Land walking Water walking
(n=23:6M, 17F)  (n=23:6M, 17F)  (n=25:7M, 18F)
Age (year) 62.1£7.0 62.7+£7.0 62.6 6.7
Height (cm) 167.8+£9.6 165.1 £ 8.0 166.9 7.2
Body mass (kg) 73.8 £13.6 744 £11.1 76.8 +£19.8
BMI (kg/m?) 262 +4.1 273434 273456

Note: No significant differences were found between groups; n =71 overall.
Abbreviations: BMI =body mass index; F = female; M = male.

activity. The statistical approach described above for fitness vari-
ables was also implemented for Actigraph outcomes, with all
models additionally adjusted for wear time. Statistical signifi-
cance was set at p < 0.05.

A sample size power calculation was conducted using
G*Power Software Version 3.1.9.4,>> which indicated that
with an @ of 0.05, and assuming no change in VOj,x in
the CG and a difference of 1 mL/kg/min in the 2 exercise
groups (LW and WW) with an SD of 0.8 mL/kg, 11 partic-
ipants per group would be required to test our hypotheses.
A full consort diagram, including the recruitment and
screening process, can be found in our associated method-
ology paper.'® A consort diagram that relates specifically
to the GXT outcomes following randomization can be
found in Fig. 1.

3. Results

A total of 72 participants were randomized into the study
and completed baseline measures, although 1 participant with-
drew for personal reasons and requested that data be deleted.
Baseline characteristics of the participants, including age and
gender, are described in Table 1. Although all 71 participants
completed a baseline GXT, data for 4 participants were not
included in the analysis (Table 2) due to technical issues with
the gas analyzer (n=3), and 1 participant did not approach
maximum exertion. Overall, 12 participants withdrew at vari-
ous stages of the study (Fig. 1). A total of 58 participants com-
pleted a postintervention GXT (CG, n=19; LW, n=19; WW,
n=20), and 50 participants attended testing at Week 48 (CG,
n=18; LW, n=15; WW, n=17). Noncompletion of the GXT

277

at either Week 24 or Week 48 was due to reasons that included
illness, lack of interest in remaining in the study, and overseas
travel. In accordance with current statistical practice related to
the use of intention-to-treat analysis, the data in the figures are
based on the mixed-model analysis of the 71 participants who
attended the baseline assessment. Table 2 summarizes the data
for all participants who completed GXT at each time-point.

Adherence to the exercise program was similar across the
LW and WW groups, with mean attendance rates of 83.2% =+
4.7% (mean £ SD) for the LW group and 79.2% =+ 4.8% for
the WW group. Training intensity did not differ between
groups over the course of the 24 weeks and was in accordance
with the HR intensities dictated by the protocol.

3.1. Impact of the intervention period (Week 0 to Week 24)

There was a significant main effect for time from Week 0
to Week 24 (p=0.012). Given that VO;,x (mL/kg/min)
increased from Week 0 to Week 24 in both exercise groups
but decreased in the CG, there was also a significant interac-
tion effect between group and time for both exercise groups
vs. the CG (LW vs. CG, p=0.020; WW vs. CG, p=0.006)
(Fig. 2A). The responses and statistical results from Week 0
to Week 24 time points for relative VO;.x (mL/kg/min)
were consistent when VO, was expressed in absolute terms
(L/min) (Table 2) (Fig. 2B).

An interaction effect was also observed for time to exhaus-
tion during the GXT because post hoc analysis indicated
significant differences between LW and CG (p=0.001) but
not between WW and CG (p=0.103) or between LW and
WW (p=0.079) (Fig. 2C). There were no significant
between-group differences in HR,,,,, from Week 0 to Week
24—LW and CG (p=0.505), WW and CG (p=0.875),
or LW and WW (p=0.595) (Table 2)—nor were there any
significant interaction effects for HR .« (all p > 0.05). How-
ever, there was a significant time effect (p =0.040) because
HR,,.x decreased slightly overall from Week 0 (166 £+ 16
beats/min) to Week 24 (164 + 17 beats/min).

No significant main effects for group or time were observed
for daily MVPA between baseline and Week 24 (p > 0.05)
(Table 3), nor were there any significant interactions for any of
the physical activity intensities (p > 0.05).

Table 2
Peak exercise performance before and after a 24-week intervention consisting of either no-intervention control, land walking, or water walking (mean £ SD).
Control Land walking Water walking
Baseline Week 24 Week 48 Baseline Week 24 Week 48 Baseline Week 24 Week 48
(n=22) (n=19) (n=18) (n=20) (n=19) (n=15) (n=25) (n=20) (n=17)
VOomax (ML/kg/min)*' 297 £4.41  28.0+3.02 2774299 2844785 295+671 264+555 288+505 30.1+530 27243.16
VO, (L/min)*' 2.194+£050 1994042 202+042 212+£073 2.19+£0.68 197+£0.58 2.19+0.63 227+0.76 1.97+0.54
Exercise duration (s)*' 1046 £ 89 1071 £ 111 1095 + 88 986 £236 1149 £203 1119£210 992+ 179 1074 £178 1059 £ 171
HR,ax (beats/min) 166.0 £ 17.0 162.0+13.4 169.0£13.7 164.0+£21.0 167.0£20.5 167.0+£20.1 166.0+12.7 165.0+ 144 1650+ 13.1

Notes: VO, in relative (mL/kg) and absolute (L/min) values, exercise duration, and HR,,x at baseline (Week 0), following the intervention (Week 24) and after a

further 24-week no-intervention period (Week 48).

*T Mixed-models analysis revealed significant group x time interactions for these variables as discussed in the text (*intervention phase, 0—24 weeks; 'follow-up

phase, 24—48 weeks).

Abbreviations: HR,,,x = maximum heart rate; VO, = volume of oxygen; VO,,,,x = maximal oxygen uptake.
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Total
(n=72)
Participant randomisation and GXT performed
Control group Land walking Walter walking
(n=23) (n=24) (n=25)
—»|  Unsuable GXT data ) Lost to §tudy (n=1, dls§atlsfact|on
(n= 1, gas analyzer with group allocation)
'9 4 Unusable GXT data (n = 3, gas
srog) analyzer error)
v v
Total
(n=67)
Baseline GXT included in analysis
Control group Land walking Walter walking
(n=22) (n=20) (n=25)

Lost to study (n = 3, illness)

—

Lost to study (n =1, time
commitment)

Lost to study (n =5, operation = 1,
time commitment = 2, reason not

—> given = 2)
v \ 4 \ 4
Total
(n = 58)
Follow-up
Week 24 GXT Week 24 GXT Week 24 GXT
n=19 n=19 (n=20)
No GXT (n = 4, reason not .
s No attende.mce at given = 1, lost contact = 1, Lost to study (n = 3, ililness = 1,
GX_T1app0|ntment no attendance at GXT > trave? =1, no attendance at GXT
=0 appointment = 2) appointment = 1)
\4 A\ 4
Week 48 GXT Week 48 GXT Week 48 GXT Total
(n=18) (n=15) n=17) (n =50)

Fig. 1. Consort diagram showing participants randomized to control group, land-walking group, or water-walking group, and completion of a graded exercise test

(GXT) included in statistical analysis for Weeks 0, 24, and 48.

3.2. Impact of the post-intervention period (Week 24 to Week 48)

After completion of the 24-week (exercise/control group)
interventions, a final follow-up was conducted after an addi-
tional 24 weeks of no intervention, such that participants were
reassessed at 48 weeks. This enabled assessment of the mainte-
nance or reversal of any fitness changes as a result of the initial
24-week intervention.

There were no significant between-group effects for
VOsmax in mL/kg/min (CG vs. LW, p=0.382; CG vs. WW,
p=0.140; LW vs. WW, p=0.558) or time effects (p =0.533)
between Week 24 and Week 48 (Table 2). These results were
consistent when VO, was presented in absolute terms (L/min,

all p > 0.05). However, due to the reduction in VOy,,x from
Week 24 to Week 48 in the 2 exercise groups (LW and WW),
there were significant interaction effects between both exercise
groups and the CG for VO, in relative (mL/kg/min) terms
(CG vs. WW, p=0.008; CG vs. LW, p=0.021) (Fig. 3A) and
VOjmax in absolute (L/min) terms (LW vs. CG, p=0.042;
WW vs. CG, p=0.001) (Fig. 3B).

No significant group effects for time to exhaustion were evi-
dent between Week 24 and Week 48, and no main time effects
were found (p > 0.05, Fig. 3C). There was a significant interac-
tion effect between the WW group and the CG (p=0.031) but
not between the CG and the LW group (p =0.088) or between
the LW group and the WW group (p=0.233) from Week 24 to
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Fig. 2. Changes in maximal oxygen consumption (VO,,) in mL/kg/min (A), L/min (B), and treadmill time to exhaustion (C), from maximal treadmill tests conducted in male and
female participants as a result of 24 weeks of either no exercise (CG), land walking (LW), or water walking (WW). Delta were calculated as Week 24 minus Week 0. All data are pre-
sented as mean £ SE. A linear mixed model analysis was conducted.

Table 3
Physical activity domains before and after a 24-week walking intervention consisting of either no-intervention control, land walking, or water walking (mean £ SD).
Control Land walking Water walking
Baseline Week 24 Week 48 Baseline Week 24 Week 48 Baseline Week 24 Week 48
(n=22) (n=17) (n=19) (n=19) n=19) (n=17) (n=22) (n=20) (n=19)

LPA (min/day)* 194.0 £54.6 1919 £57.1 202.7+£547 2142+413 198.8+46.0 2154+448 20024498 2109+544 20774443
MPA (min/day) 316155 326+162 323+£180 343+£169 38.0£153 458=£182 278£145 285%141 309+ 16.5
MVPA (min/day) 31.8+15.7 332+168 329+188 347+£172 387+£162 465+£188 292+146 31.1£175 332+£165
VPA (min/day) 0.28 £0.41 061+146 060+1.64 052+£055 075£136 0.71+£0.98 1.30£380 258£7.65 221£630

Note: Physical activity was measured at baseline (Week 0), following the intervention (Week 24), and after a further 24-week no-intervention period (Week 48).
? Mixed models analysis revealed a significant interaction effect for this variable from the end of the intervention to the end of the follow-up period, as discussed in the text.
Abbreviations: LPA = light physical activity; MPA = moderate physical activity; MVPA = moderate-to-vigorous physical activity; VPA = vigorous physical activity.
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Fig. 3. Changes in maximal oxygen consumption (VO,,,,) in mL/kg/min (A), L/min (B), and treadmill time to exhaustion (s) (C), from maximal treadmill tests conducted in male
and female participants in a no-exercise control group (CG), land walking (LW) group, or water walking (WW) group. Delta were calculated as Week 48 minus Week 24. All data
are presented as mean £ SE. A linear mixed model analysis was conducted.
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Week 48 (Table 2). From Week 24 to Week 48, no significant
between-group differences were observed in HR,,,,x: LW and CG
(»=10.683), WW and CG (p=0.757), or between LW and WW
(p=0.924), but there was a significant (p=0.012) overall time
effect from Week 24 (164 £ 17 beats/min) to Week 48 (167 £
15 beats/min).

No significant group or time effects for LPA, MPA, MVPA,
or VPA were observed between Week 24 and Week 48 (all p >
0.05) (Table 3). A significant interaction effect was found for
LPA between the LW group and the WW group (p =0.031). The
remaining interaction effects were not significant (p > 0.05).

4. Discussion

Cardiorespiratory fitness is a strong independent predic-
tor of all-cause and cardiovascular disease-related mortal-
ity, and increases in fitness are associated with reduced
cardiovascular risk.” The aim of the current study was to
investigate the impacts of walking exercise, conducted
either in water (WW) or on land (LW) at identical relative
HR-based intensities, on aerobic fitness. We found that
VOjmax improved following both of the 24-week, super-
vised, and center-based walking interventions, compared to
a no-exercise CG. The volume of exercise undertaken was
intentionally prescribed to meet current exercise guide-
lines.*** Our investigation supports these recommendations
because improvements in fitness were observed in our pre-
viously sedentary cohort. Our study also indicates that
walking on land or in water elicits similar improvements in
aerobic fitness if conducted at the same relative intensities.
This may be particularly relevant for individuals who are
older and/or new to exercise, given that these participants
may benefit from the lower impact forces associated with
WW. Our findings also suggest that these modalities could
potentially be used independently, or interchangeably, to
induce similar cardiovascular adaptations.

Recent reviews indicate that the majority of previous water-
based exercise studies are of relatively short duration (e.g., 8
weeks) and have included a variety of exercises performed in
water as opposed to WW, which is directly comparable to
LW.”>2° Some studies involving water-based exercise did
not assess changes in cardiorespiratory fitness”** or did not
include a comparison to a land-based exercise group.””*" In 1
study, 8 weeks of interval running in water whilst wearing a
buoyancy vest increased maximal exercise performance mea-
sured on a bicycle ergometer in older women, but land-based
exercise was not included in the study.”’ Treadmill walking in
water and on land for 12 weeks improved aerobic fitness simi-
larly in middle-aged obese adults,”' and we confirm these find-
ings in our longer study in an older cohort. It is pertinent that
stationary WW (i.e., treadmill in water or aqua aerobics) may
have distinct effects compared to walking forward against
water resistance, although some effort has been made to
address this issue through the use of resistance jets.”' A study
involving older women found that 12 weeks of LW for 60
min, 5 times/week increased VO,,.x, but 60 min of water-
based exercise, including aerobic and resistance-based
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movements 3 times/week, induced additional improvements in
fitness.”® The apparent superior results from water-based exer-
cise in the latter study”® may be due to differences in the
frequency and/or modality of exercise between the land and
water groups, as opposed to the influence of the exercise being
performed in water or on land. We have previously shown
that, at matched HRs, there is a similar oxygen cost during
WW relative to LW,'” and this supports our approach in the
present study to using HR to prescribe and match exercise
intensity. Our study is novel and translatable to the general
public, in that we included only WW, as opposed to treadmill
WW, which has been previously utilized in other studies
reported in the scientific literature.”’ Our results suggest that,
although there are distinctions between LW and WW, aerobic
fitness improvements can occur in inactive older adults with
both forms of training, and both forms preserve functional
capacity compared to doing no level of exercise training.

An interesting aspect of the fitness adaptation to LW and WW
in the present study relates to the changes observed in the LW
group vs. the WW group in time to exhaustion and VO,,.. The
LW group increased exercise duration by an average of 50 s
more than the WW group, whereas the larger improvement in
VO,max Was evident in the WW group. This apparent discrepancy
may be due to the specificity of training on land. Walking effi-
ciency may have improved in the LW group, reflected by the
enhanced time to exhaustion, whereas the VO,,,,x gains were not
different and, indeed, tended to be larger in the WW group.'""?
The trend for enhanced VO,,,x in WW compared to LW may, in
turn, reflect the larger impact of the WW modality on lower limb
lean body mass (i.e., skeletal muscle mass). In fact, in our recent
companion paper pertaining to the body composition impacts of
this study, we observed greater increases in lean mass of the
lower limbs following WW compared to both LW and CG."”
Indeed, WW may represent a form of combined aerobic and
resistance exercise. In this regard, the benefits of WW in older
exercise-naive individuals may exceed those associated with
land-based training, notwithstanding the apparent weight support
of exercising in the water.

It may be expected that the improvements in aerobic fitness in
response to engagement in 3 bouts of 50 min of walking per
week (150 min/week) would be associated with more substantive
fitness gain than we observed. The intensity of exercise con-
ducted by participants was approximately 55%—65% HRR and
is, therefore, considered to be of moderate intensity.” Moderate-
intensity exercise is associated with better compliance compared
to vigorous exercise,”” and our findings indicate that moderate-
intensity exercise is capable of having some positive impact on
fitness. A larger benefit in this older cohort might have been
observed if the training had continued in the longer term. There
is a well-established dose-response curve relating exercise vol-
ume to health and fitness benefits,” and a volume of exercise that
exceeded the minimum recommendation for exercise would,
therefore, likely incur additional benefit.” We chose our exercise
interventions carefully to represent those recommended in current
guidelines, and our aim was to compare the impacts of distinct
modalities (WW vs. LW) when both were matched. Although it
may appear that the benefits in the 2 exercise groups were
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relatively modest in absolute terms, it is important to emphasize
that, on average, the net difference between the changes we
observed in the 2 intervention groups (LW and WW) and the CG
was ~2.5—3 mL/kg/min, which translates to an approximately
13% reduction in cardiovascular mortality.’

Our study design allows some inference to be drawn regarding
the maintenance of exercise-training effects. Across the 24- to
48-week time period, participants were no longer in contact with
the study staff and no longer attended the supervised exercise ses-
sions. No specific direction was given to the participants in relation
to this follow-up stage; they were free to exercise or not. It was of
interest to see whether these formerly inactive participants main-
tained the change in activity levels associated with the supervised
training interventions, particularly as we observed excellent adher-
ence during the interventional phase. However, the fitness adapta-
tions measured at Week 24 were completely reversed following
the subsequent 24-week no-intervention period (Week 48). This
reversal strongly supports the causal link between our exercise
interventions and the fitness changes we observed between Week
0 and Week 24. It also confirms that exercise must be continued to
maintain fitness levels and, by extension, health benefits. Interest-
ingly, the objective physical activity data we collected suggested
that there were no systematic changes in free-living physical activ-
ity over the intervention and postintervention phases of the study.
Hence, the decreases in fitness we observed between Week 24 and
Week 48 were likely due to cessation of the exercise interventions
per se, with no evidence for systematic alteration or carry-over
of volitional exercise. These data suggest that the maintenance of
benefits associated with fitness gain requires ongoing exposure to
the stimulus of exercise.

A strength of this study was that it included supervised,
center-based exercise training tailored for each individual
based on HRR, which ensures strict adherence to the inter-
vention and documentation of nonadherence. A potential lim-
itation of this study is that we focused only on the impact of
exercise and did not assess other factors such as diet that may
have changed during the intervention. This limitation is miti-
gated, to some degree, by the fact that participants were ran-
domized to 2 exercise interventions and CG, which assumes
some similarity in the nonexercise behaviors. Our study sup-
ports existing data showing that adherence to exercise is
greater when conducted in a group setting and progresses
gradually to support exercise self-efficacy.’ Future research
might incorporate psychological methods for promoting
behavior change and exercise adherence. Our study included
the minimum dose of exercise recommended to induce some
health benefit,® but a greater volume of exercise, achieved by
a higher frequency, intensity or duration, may have resulted
in more pronounced adaptations in the exercise groups, and
this may be the subject of future investigations. Due to the
nature of the exercise interventions, it was not possible for
the exercise physiologists to be blinded to group allocation
during the time of the intervention, and this may also be a
limitation of the study. However, each participant was pro-
vided with a de-identifying code, so that the person subse-
quently collating, processing, and analyzing the data output
from the GXT indirect calorimetry output file was blinded to
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group allocation, eliminating bias in the analysis. We
arranged for the CG participants to attend seminars once
every 6 weeks (a strength of the study), but this did not equal
the number of exercise sessions undertaken by the 2 exercise
groups, so this discrepancy in contact hours may represent a
limitation in our methodology.

5. Conclusion

In summary, we found that 24 weeks of walking increases
aerobic capacity, a strong predictor of overall health, com-
pared to remaining inactive. The adaptations were similar
regardless of whether walking was conducted in water or on
land. Because fitness returned to baseline levels following a
subsequent 6-month nonintervention period, it is important
that exercise adherence be maintained if the positive adapta-
tions derived from exercise are to be preserved. This study has
particular implications for the elderly and for those who may
benefit from low-impact musculoskeletal exercise. Older indi-
viduals who are not regular exercisers can benefit from the
lower impact forces and decreased risk from falls associated
with WW, without compromising improvements in cardiore-
spiratory fitness.
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