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ABSTRACT

GREEN, D. J., G. O. SILVA, K. J. SMITH, B. A. MASLEN, K. L. COX, N. T. LAUTENSCHLAGER, C. F. PESTELL, P. N. AINSLIE, A.

HAYNES, and L. H. NAYLOR. Impact ofWater- and Land-Based Exercise Training on Risk Factors and Vascular Function inMiddle-Aged

and OlderMen andWomen.Med. Sci. Sports Exerc., Vol. 56, No. 2, pp. 230-237, 2024. Introduction: Exercise improves vascular function,

but it is unclear whether benefits are mediated by traditional cardiovascular risk factors or whether sex differences in training effects exist in

older adults. We hypothesized that exercise would improve cardiovascular risk factors, that males and females would benefit similarly, and

that improvements in risk factors would correlate with changes in vascular function.Methods: Seventy-two healthy middle-aged/older adults

(age, 62 ± 7 yr; 26%♂) were randomized to a land-walking (n = 23), water-walking (n = 25), or a nonexercise control group (C; n = 23). The

exercise groups undertook supervised and monitored training three times a week for 50 min per session, across 24 wk. Blood pressure, body

composition (dual x-ray absorptiometry), blood lipids and glucose, and flow-mediated brachial artery dilation were assessed in all participants

at weeks 0 and 24. To maximize power for sex differences and correlation analyses, we pooled the training groups (land-walking + water-

walking).Results: Training prevented increases in LDL and total cholesterol/HDL ratio observed in the nonexercise control group. No group

by time interactions were observed for other risk factors. Sex differences in training effects existed for visceral fat (−187 ± 189 g♂ vs

−15 ± 161 g♀; P = 0.006) and lean mass (−352 ± 1045 g♂ vs 601 ± 1178 g♀; P = 0.008). Improvement in flow-mediated brachial artery

dilation was correlated with decreased waist girth (r = −0.450, P = 0.036), but not with other risk factors. Conclusions: Exercise training

prevented deterioration in lipid levels, whereas sex differences existed for body composition changes with training. Improvement in vascular

function was not dependent on changes in risk factors in middle-aged/older adults, suggesting that artery health may be dependent on other

exercise-related stimuli. Key Words: CARDIOVASCULAR RISK, WALKING, EXERCISE TRAINING, ARTERY FUNCTION,

ENDOTHELIUM, PREVENTION, SEX DIFFERENCES
Evidence suggests that regular exercise is associated
with a lower risk of cardiovascular (CV) morbidity
and mortality (1,2). A physically active lifestyle may

decrease the risk of CVmortality by ~40%, compared with being
r correspondence: Daniel J. Green, Ph.D., The University of West-
lia M408, Nedlands, WA 6009, Australia; E-mail: danny.green@
.
for publication May 2023.
or publication September 2023.

/24/5602-0230/0
E & SCIENCE IN SPORTS & EXERCISE®
© 2023 by the American College of Sports Medicine

49/MSS.0000000000003302

230

Copyright © 2023 by the American College of Sports Medicine
inactive (3,4). This beneficial impact of physical activity has
typically been ascribed to impacts on CV risk factors such as
blood pressure, lipids, insulin resistance, and obesity (5).
However, some evidence suggests that modification in CV
risk factors explains less than 50% of the cardioprotective ben-
efits of exercise training (6,7), suggesting the existence of a
“risk factor gap.”We have previously proposed that direct he-
modynamic effects of exercise on the health of the artery wall
may contribute to the beneficial effects of exercise, indepen-
dent of any virtuous impact on other traditional risk factors
(8–10). Few randomized longitudinal studies of older individ-
uals have quantified the impact of center-based and supervised
exercise training on changes in CV risk factors or assessed the
association between changes in risk factors and direct mea-
sures of arterial function.
. Unauthorized reproduction of this article is prohibited.
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Walking is a low-barrier mode of exercise that can be pre-
scribed at different intensities based on speed, land surface
conditions, and terrain. It is also specific to daily physical
function, along with being associated with CV disease preven-
tion (11). Moreover, water-walking (WW) has often been rec-
ommended for older adults, because of its decreased musculo-
skeletal loading and joint stress, and potential to reduce injuries
(12). However, the effects of land-walking (LW) versus WW
on most CV risk factors remain unclear.

Recent articles have also addressed the impact of sex differ-
ences in the impact of exercise on vascular function in
humans. Trials undertaken in younger populations have sug-
gested that female and male sex hormones may have distinct
impacts on artery function (13–15), but few studies have di-
rectly compared the impacts of exercise training in older male
and female volunteers (16). Therefore, we hypothesized that
exercise would improve CV risk factors, that males and fe-
males would benefit similarly, and that improvements in CV
risk factors would not correlate with changes in vascular func-
tion in middle-aged/older adults after supervised center-based
exercise programs.
IEN
C
ES
METHODS

Healthy sedentary (<60 min of moderate- or higher-intensity
exercise per week, for at least 3 months) men and postmeno-
pausal women (stable hormone replacement therapy included)
older than 50 yr were recruited to participate in a 24-wk inter-
vention study (17), approved by The University of Western
Australia’s HumanResearch Ethics Committee and conforming
to the standards set by the Declaration of Helsinki. All partici-
pants provided written, informed consent before any assess-
ments were performed. The study was prospectively registered
in a clinical trial database before any subjects were randomized
(ACTRN12614000017628).

Upon contact from a potential participant, an initial phone
interview was conducted to explain the study and to screen
out ineligible participants or those not interested in further par-
ticipation. After the phone interview, eligible participants
progressed to a baseline screening visit. The baseline screen-
ing visit included a resting ECG and a graded treadmill exer-
cise stress test, comprising continuous incremental stages last-
ing 3 min per stage, to volitional exhaustion (17). Any ECG
abnormalities were communicated to study coordinators and
the participant’s general practitioner for follow-up, and these
participants were excluded before randomization.

Exclusion criteria were smoking (or <12-month cessation),
hypertension (systolic blood pressure >160 mm Hg or dia-
stolic blood pressure >100 mm Hg), weekly alcohol intake
greater than 280 g·wk−1 and/or drinking more than 40 g etha-
nol in one session, body mass index greater than 40 kg·m−2,
and total cholesterol (TC) greater than 7.0 mmol·L−1. Partici-
pants with mild cognitive impairment; dementia or Alzheimer’s
disease; ischemic heart disease; angina; intermittent claudica-
tion; stroke; diabetes mellitus; persistent or frequent arrhyth-
mias; atrial fibrillation; epilepsy; severe mental illness; liver
EXERCISE AND RISK FACTORS
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disease; kidney disease; any joint, muscular, or spinal disor-
ders including arthritis that prohibited moderate exercise;
and other serious illnesses likely to compromise survival
(e.g., cancer) were also excluded from the study. We also ex-
cluded participants using psychiatric medications such as cog-
nitive enhancers or antiepileptics, intermittent use of nonste-
roidal anti-inflammatory drugs, and regular medication for
asthma or chronic obstructive airways disease, or epilepsy.
Baseline outcome assessments were performed in all eligible
participants, after which they were then randomized to LW,
WW, or a nonexercise control group (C). The study outcomes
were assessed in all participants at weeks 0 and 24.

Exercise training protocols

Exercise-trained individuals attended a research center three
times a week for 50-min supervised sessions across the 24 wk
(17). Exercise intensity was assessed with a heart rate monitor
(Polar RS300XHRmonitor; Polar Electro Oy, Espoo, Finland).
Supervised warm-up and cool-down intervals were included in
each session. Land-based walking took place on the University
grounds as well as along the adjoining river foreshore and park-
land, or on a treadmill if weather indicated. Water-based walk-
ing was in a heated (~30°C) chest deep swimming pool
(20 � 30 m) located at the University. The duration and inten-
sity of the exercise sessions increased over the course of the
study, from an initial 15 min of exercise to 50 min by the end
of week 24. Participants (land and water) were given a person-
alized target heart rate range, based on heart rate reserve calcu-
lated from their initial peak exercise test results. Each exercise
session was guided by an accredited exercise scientist/
physiologist (Exercise and Sports Science Australia), and
heart rate was monitored and recorded every 5 min throughout
the session. The second session of each week was an interval
training session, with the other two sessions of continuous in-
tensity. The intensity of training started at 40%–45% of the
heart rate reserve, building to 55%–65% by week 24. Addi-
tional “make-up” sessions were provided if required, to ensure
optimal adherence to the protocol.

The control group was asked to maintain their usual levels
of activity (all participants were inactive at recruitment) and
attended the University every 6 wk to participate in an educa-
tional seminar of approximately 1 h, on a topic that was ex-
pected to be of interest but was unrelated to physical activity,
lifestyle, and health: for example, first aid skills, and computer
workstation optimal ergonomic setup.

Outcomes

All outcomes were measured between 6 AM and 11 AM. Be-
fore the measurements, the participants had fasted, abstained
from caffeine, and refrained from moderate/vigorous physical
activity for at least 6 h.

Body composition. Height and weight were measured
with the subject barefoot in lightweight clothing. The same
highly accurate digital scales (CPWplus-200; Adam Equip-
ment, Oxford, CT) were used throughout the study. Body
Medicine & Science in Sports & Exercise® 231
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TABLE 1. Baseline characteristics of the C, LW, and WW groups.

Variable C (n = 23; 6 M, 17 F) LW (n = 23; 6 M,17 F) WW (n = 25; 7 M, 18 F)

Age, yr 62 (7) 63 (7) 63 (7)
Height, cm 168 (10) 165 (8) 167 (7)
Weight, kg 73.8 (13.6) 74.4 (11.1) 76.8 (19.8)
BMI, kg·m−2 26.2 (4.1) 27.3 (3.5) 27.3 (5.6)

Data are mean (SD).
BMI, body mass index.
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 on 02/04/2024
mass index was calculated from these values. Waist and hip
girth were measured three times using a constant-tension tape
(Lufkin W606PM; Cooper Industries, Houston, TX); the me-
dian measure was used for analyses. Dual x-ray absorptiome-
try (Prodigy Advance; GEHealthcare, Madison,WI) was used
to determine visceral and whole-body percent fat, grams of fat,
and lean tissue.

Blood Pressure. Blood pressure was recorded using an
automated sphygmomanometer (Dinamap V100; GE Health-
care) with readings taken in the supine position every 2 mins
for 20 min. Appropriate cuff sizes were used, based on arm
girth measurement, and the nondominant arm was cuffed.
The test was administered in a quiet, temperature-controlled
room, with the investigator nearby but outside the closed door,
and the display was angled away from the participant’s view.

Biochemistry. Blood was drawn from the antecubital
fossa using a 21G needle by a trained phlebotomist in the Uni-
versity laboratory into collection tubes (all Vacuette by
Greiner Bio-One, Kremsmünster, AT). Three tubes were ana-
lyzed by a commercial pathology laboratory, for lipids (TC,
triglycerides, low- and high-density lipoprotein (LDL and
HDL, and the ratio of TC/HDL)), blood glucose, hemoglobin,
and hematocrit.

Vascular function. Flow-mediated brachial artery dilation
(FMD) assessment was conducted in a quiet, temperature-
controlled thermoneutral room in accordance with well-established
guidelines (18,19). Room temperature was maintained by
thermostatically controlled air conditioning, set at between
24°C and 26°C for all participants. Briefly, to examine base-
line brachial artery diameter and FMD, the nondominant arm
was extended and positioned at an angle of ~80° from the
torso. A rapid inflation and deflation pneumatic cuff (D.E.
Hokanson, Bellevue, WA) was positioned on the forearm, im-
mediately distal to the olecranon process to provide a forearm
ischemia stimulus. A 10- to 15-MHz multifrequency linear ar-
ray probe, attached to a high-resolution ultrasound machine
(T3200; Terason, Burlington, MA), was used to image the
brachial artery in the distal third of the upper arm. When an
optimal image was obtained, the probe was held stable, and
the ultrasound parameters were set to optimize the longitudi-
nal, B-mode images of the lumen–arterial wall interface. Con-
tinuous Doppler velocity assessments were also obtained
using the ultrasound and were collected using the lowest pos-
sible insonation angle (always <60°). After a 1-min baseline
recording of brachial artery diameter and velocity (Camtasia
Studio 8; TechSmith, Okemos, MI), the forearm cuff was in-
flated (220 mm Hg) for 5 min. Diameter and flow recordings
resumed 30 s before cuff deflation and continued for 3 min
thereafter. Posttest analysis of brachial artery diameter was
performed using custom-designed edge detection and wall-
tracking software (20). The semiautomated edge detection and
wall tracking software we developed limits operator error and
bias and minimizes with- and between-observer variability (20).
Our CV for repeated FMD measures using this approach is
~6.7%.We follow the guidelines developed by international con-
sortia to assist with performing FMD in a robust and repeatable
232 Official Journal of the American College of Sports Medicine
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way (18,19). Following these guidelines has a direct impact
on the reproducibility of the technique (21).

Statistical Analysis

Analyses were conducted using SPSS version 27 (IBM
Corporation, Armonk, NY) and StataSE 15 (StataCorp LLC,
College Station, TX). Because of the repeated-measure nature
of the data, separate linear mixed models were used to investi-
gate the relationship between the CV risk factors, group (C,
LW, and WW), and time (weeks 0 and 24) while accounting
for time-invariant covariates, including age and sex, and inter-
actions between group and time. A random intercept was in-
cluded in each model to account for the repeated nature of
the data. This analysis was on an intention-to-treat basis. To
maximize power for sex difference analyses (two-tailed
t-tests) and correlational analysis of vascular and risk factor
variables, we pooled the exercise training groups (LW+WW);
these analyses were based on completers (those with both 0-
and 6-month data). Statistical significance was set at P < 0.05.

RESULTS

We initially contacted 911 potential participants. Of these,
241 progressed to the phone screening interview, which led
to 127 participants deemed ineligible. The remaining 114 par-
ticipants progressed to a baseline screening visit after which
another 42 were excluded. Thus, 72 participants were re-
cruited and randomized into the study, as detailed elsewhere
(17). One of the land walking participants withdrew for per-
sonal reasons after randomization and requested their data be
destroyed. The analysis of changes in risk factors before and
after intervention was therefore based on 71 participants.
Baseline characteristics of the participants are presented in
Table 1. The overall sample age ranged from 50 to 84 yr.

Results for blood pressure and biochemistry variables are
detailed below. Body composition and vascular function data
have previously been published (22,23). Briefly, a reduction
in central adiposity was apparent in both exercise groups,
along with an increase in lower limb lean mass in the WW
group (22). Vascular function results indicated that change in
FMD significantly differed between the LW and the control
groups (23). In addition, the focus of the present article was
on possible sex differences in risk factor responses, and the re-
lationship between the previously published vascular variables
and CV risk factors. Such analyses have not previously been
published. For these analyses, we pooled data from the exer-
cise groups and conducted completers analyses. Adherence
to the exercise programwas similar across the exercise groups,
http://www.acsm-msse.org
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FIGURE 1—Effect of training onCV risk factors for the two exercise intervention groups. Therewas a significant increase in LDL in the C group compared
with the WW group (A), and a significant increase in the control group compared with the LW and WW groups for the TC/HDL ratio (B) (N = 70). Data
mean ± SEM. HDL, high-density lipoprotein; LDL, low-density lipoprotein; TC, total cholesterol.
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 on 02/04/2024
with mean attendance of 83% for the LW and 79% of sessions
for the WW group. Of these individuals, 70% attended more
than 80% of the sessions, and 11% attended less than 50%
of the sessions. Exercise intensity was also well matched, with
no difference in percent heart rate reserve (% HRR) between
groups over the course of the 24 wk. The intensity of exercise
(% HRR) was closely matched between both exercise inter-
vention groups, approximately 55% HRR (equivalent to
~70% maximum HR).

Effects of training on CV risk factors. LDL choles-
terol and the total cholesterol (TC)/HDL ratio increased in
the C group, whereas there was no such increase in the training
groups, and the difference between the control and exercise
groups was significant (LDL cholesterol: Fig. 1A; C:
0.26 ± 0.56 mmol·L−1, LW: 0.01 ± 0.44 mmol·L−1, WW:
0.00 ± 0.43 mmol·L−1 (P = 0.045, WW vs C); TC/HDL:
Fig. 1B; C: 0.27 ± 0.54 mmol·L−1, LW: −0.01 ± 0.41 mmol·L−1,
WW: −0.15 ± 0.45 mmol·L−1, P = 0.002, WW vs C
(P = 0.037, LW vs C)). No other group–time interaction
effects were observed for CV risk factors (Table 2).

Sex differences in the impact of training on CV risk
factors. Sex differences in training effects existed for visceral
fat (Table 3, Fig. 2A, −187 ± 189 g♂ vs −15 ± 161 g♀;
TABLE 2. CV risk factors before and after the 24-wk intervention.

Variable C (n = 23)

Week 0 Week 24

Systolic blood pressure, mm Hga 114 (12) 114 (11)
Diastolic blood pressure, mm Hga 68 (6) 68 (7)
Mean arterial pressure, mm Hga 86 (8) 86 (8)
Heart rate, bpmb 59 (7) 63 (8)
Cholesterol, mmol·L−1a,b 4.9 (1.0) 5.4 (1.0)
Triglycerides, mmol·L−1 1.0 (0.4) 1.1 (0.5)
LDL, mmol·L−1c 3.1 (0.9) 3.5 (0.8)
HDL, mmol·L−1 1.4 (0.3) 1.4 (0.4)
TC/HDLc 3.7 (0.8) 4.0 (1.0)
Glucose, mmol·L−1 5.0 (0.4) 5.0 (0.6)
Hemoglobin, g·L−1 135 (11) 135 (9)
Hematocrit 0.40 (0.03) 0.40 (0.03)

a Significant group effect.
b Significant time effect.
c Significant interaction (group–time) effect.

EXERCISE AND RISK FACTORS
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P = 0.005) and total body lean mass (Table 3, Fig. 2B,
−351 ± 1045 g♂ vs 647 ± 1156 g♀; P = 0.013). There were
no significant sex differences for the impact of exercise train-
ing on other CV risk factors, as shown in Table 3.

Relationships between changes in risk factors and
vascular function. Table 4 shows the relationships between
changes in risk factors and vascular function, for the pooled
exercise groups. Twenty-three participants from the exercise
groups had complete FMD for both preintervention and post-
intervention time points, which complied with our quality con-
trol procedures. Although improvement in FMD was corre-
lated with a decrease in waist girth (Fig. 3: r = −0.450,
P = 0.036), and there were significant effects of training on
body composition, lipid levels, and vascular function, and no
significant relationship existed between changes in other CV
risk factors and vascular function.
DISCUSSION

There are a number of novel findings in the present study of
apparently healthy middle-aged and older men and women.
First, we found that supervised and center-based exercise train-
ing has a beneficial impact on lipid levels, relative to untrained
LW (n = 23) WW (n = 25)

Week 0 Week 24 Week 0 Week 24

121 (11) 117 (10) 130 (14) 130 (13)
70 (7) 67 (6) 74 (7) 72 (8)
90 (7) 87 (7) 96 (9) 95 (9)
61 (6) 62 (5) 61 (5) 62 (7)
5.4 (0.8) 5.4 (0.7) 5.6 (0.9) 5.6 (1.0)
1.1 (0.4) 1.1 (0.4) 1.2 (0.8) 1.1 (0.5)
3.3 (0.7) 3.3 (0.6) 3.6 (0.8) 3.5 (0.9)
1.5 (0.4) 1.6 (0.4) 1.4 (0.4) 1.6 (0.6)
3.6 (0.8) 3.5 (0.8) 4.1 (1.1) 3.9 (1.1)
5.2 (0.5) 5.1 (0.4) 5.0 (0.5) 5.0 (0.6)
133 (10) 135 (11) 138 (12) 139 (12)
0.39 (0.03) 0.40 (0.03) 0.41 (0.03) 0.41 (0.04)

Medicine & Science in Sports & Exercise® 233
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TABLE 3. Female and male risk factor baseline values and group mean changes with exercise (exercise groups pooled).

Variables

Baseline Δ Exercise Groups Pooled

n (F) n (M)F M F M P Value (F vs M)

V̇O2, L·min−1a 1.83 (0.35) 3.09 (0.47) 0.04 (0.22) 0.05 (0.23) 0.941 28 11
V̇O2, mL·min−1·kg−1a 26.7 (4.5) 35.3 (6.4) 0.6 (3.0) 0.8 (3.2) 0.883 28 11
Weight, kga 69.5 (13.8) 89.4 (13.1) −0.2 (2.0) −0.7 (2.5) 0.471 30 13
Body mass index, kg·m−2a 26.2 (4.7) 29.2 (3.9) −0.1 (0.7) −0.2 (0.8) 0.531 30 13
Waist girth, cma 83.5 (11.8) 100.5 (10.4) −0.9 (3.6) −0.9 (3.6) 0.971 30 13
Hip girth, cm 103.9 (10.5) 105.0 (6.9) −0.8 (2.9) 1.3 (3.8) 0.059 30 13
Waist-to-hip ratioa 0.80 (0.05) 0.96 (0.06) 0.00 (0.03) −0.02 (0.04) 0.126 30 13
Visceral adipose tissue, ga 836 (575) 1943 (830) −15 (161) −187 (189) 0.005 29 12
Total body fat, %a 42.2 (6.9) 32.9 (5.5) −1.0 (1.4) −0.5 (1.7) 0.331 30 12
Total body fat, kg 28.7 (9.9) 28.5 (8.5) −0.63 (1.4) −0.87 (2.2) 0.684 30 12
Total body lean mass, kga 37.7 (4.7) 56.5 (5.6) 0.65 (1.2) −0.35 (1.0) 0.013 30 12
Systolic blood pressure, mm Hg 123 (13) 128 (14) −2 (9) 1 (6) 0.362 30 13
Diastolic blood pressure, mm Hga 69 (6) 77 (6) −2 (5) −1 (7) 0.697 30 13
Mean arterial pressure, mm Hga 91 (8) 97 (9) −2 (6) −0.3 (6) 0.394 30 13
Heart rate, bpm 62 (5) 59 (6) 2 (6) 1 (7) 0.695 30 13
Total cholesterol, mmol·L−1 5.6 (0.7) 5.1 (1.0) 0.0 (0.5) 0.1 (0.5) 0.764 29 13
Triglycerides, mmol·L−1 1.1 (0.8) 1.3 (0.5) −0.02 (0.46) 0.02 (0.35) 0.784 29 13
LDL, mmol·L−1 3.4 (0.7) 3.3 (0.8) −0.01 (0.44) 0.04 (0.43) 0.738 29 13
HDL, mmol·L−1a 1.6 (0.4) 1.2 (0.2) 0.07 (0.30) 0.078 (0.13) 0.966 29 13
TC/HDL 3.6 (1.1) 4.2 (0.8) −0.08 (0.45) −0.08 (0.40) 0.990 29 13
Glucose, mmol·L−1a 5.0 (0.5) 5.4 (0.4) −0.04 (0.41) 0.02 (0.52) 0.722 29 13
Hemoglobin, g·L−1a 130 (7) 145 (12) 2 (6) 2 (8) 0.990 29 13
Hematocrita 0.39 (0.02) 0.43 (0.03) 0.001 (0.019) 0.005 (0.019) 0.529 29 13
Baseline diameter, mma 3.1 (0.41) 4.2 (0.56) −0.03 (0.23) −0.17 (0.16) 0.126 15 8
FMD, % 5.39 (2.20) 3.79 (2.65) 1.43 (3.80) 0.42 (3.32) 0.533 15 8

Data are mean (SD).
Values in bold denote significant differences between males and females in exercise response.
a Significant baseline differences between males and females.
F, female. M, male.
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 control participants. Second, we observed that, with the excep-
tion of some body composition variables, the effects of exercise
training on CV risk factors were similar between men and
women. Finally, our study suggests that changes in vascular
function and health can occur independently of changes in
CV risk factors in middle-aged/older participants.

In accordancewith our results, previous evidence has suggested
that exercise training either improves or prevents age-related
FIGURE 2—Sex differences in training effects for the two exercise intervention
body lean mass (B: lower panels) (N = 41). Data mean ± SEM. EX, exercise; F,
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deterioration in LDL cholesterol (24). More specifically, pre-
vious studies indicate that a moderate-intensity aerobic exer-
cise program is able to increase HDL cholesterol, while
preventing any increase in total and LDL cholesterol levels
(24), whereas decreases in LDL cholesterol require relatively
high exercise intensity and/or volume (24). It is relevant that
our study enrolled participants with normal lipid profiles at
baseline, as larger impacts of training are typically seen in
groups. Sex differences existed for visceral fat (A: upper panels) and total
female; M, male.
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TABLE 4. Correlation of change in risk factors and FMD (exercise groups pooled).

Variables

Δ Baseline Diameter, mm Δ FMD, %

r ( P) r ( P)

V̇O2, L·min−1 −0.133 (0.564) 0.169 (0.463)
V̇O2, mL·min−1·kg−1 −0.146 (0.526) 0.267 (0.241)
Weight, kg 0.150 (0.505) −0.110 (0.627)
Body mass index, kg·m−2 0.165 (0.474) −0.098 (0.674)
Waist girth, cm 0.112 (0.619) −0.450 (0.036)
Hip girth, cm −0.004 (0.985) −0.236 (0.290)
Waist-to-hip ratio 0.124 (0.581) −0.214 (0.339)
Visceral adipose tissue, g −0.081 (0.733) −0.069 (0.772)
Total body fat, % 0.170 (0.461) −0.354 (0.115)
Total body fat, g 0.091 (0.694) −0.169 (0.464)
Total body lean mass, g −0.090 (0.700) 0.206 (0.371)
Systolic blood pressure, mm Hg −0.302 (0.172) −0.028 (0.902)
Diastolic blood pressure, mm Hg −0.081 (0.719) −0.125 (0.580)
Mean arterial pressure, mm Hg −0.171 (0.448) −0.069 (0.759)
Heart rate, bpm −0.212 (0.343) 0.143 (0.526)
Total cholesterol, mmol·L−1 0.177 (0.442) 0.202 (0.380)
Triglycerides, mmol·L−1 0.219 (0.341) 0.029 (0.899)
LDL, mmol·L−1 0.077 (0.740) 0.292 (0.199)
HDL, mmol·L−1 0.086 (0.710) −0.062 (0.791)
TC/HDL 0.180 (0.434) 0.055 (0.812)
Glucose, mmol·L−1 −0.323 (0.153) 0.050 (0.830)
Hemoglobin, g·L−1 −0.159 (0.490) −0.060 (0.795)
Hematocrit −0.176 (0.445) 0.082 (0.723)

Values in bold denote significant differences between males and females in exercise response.
N = 23.
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populations with a priori low HDL and higher total and LDL
(25). Our observation of positive changes in the ratio of TC/
HDL, compared with a control group in whom lipid profiles
deteriorated with time, has implications for the promotion of
exercise in older healthy participants.

Our study indicates that exercise training did not signifi-
cantly modify CV risk factors such as blood pressure and glu-
cose, although in previous articles, we presented findings of
beneficial impacts on body composition (22) and cardiopulmo-
nary fitness (26). Meta-analysis indicates that aerobic exercise
training can decrease blood pressure in sedentary older adults
(27), although the magnitude of benefit is dependent on the
baseline blood pressure values; those with higher a priori blood
pressure exhibit larger decreases due to exercise training (28).
Because our study included normotensive participants at base-
line, the lack of significant decrease in blood pressure we ob-
served is perhaps unsurprising. Similarly, aerobic training can
improve blood glucose levels, but benefits are most apparent
in patients with elevated basal blood glucose, such as those
FIGURE 3—Correlations between changes in waist girth and changes in vascul
correlation for the exercise groups (B; r = −0.450, P = 0.036), whereby a larger
the same did not occur with the control group (A; r = −0.111, P = 0.761).

EXERCISE AND RISK FACTORS
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with diabetes or prediabetes (29,30). Furthermore, our find-
ings indicate that beneficial effects on lipid levels were ob-
served in response to each modality of exercise, when com-
pared with the no-exercise condition. In summary, our find-
ings on CV risk factors in apparently healthy middle-aged/
older individuals suggest benefits for lipid levels, body com-
position, and fitness, but no particular short-term advantage
relative to untrained control participants regarding blood pres-
sure or glucose concentrations.

Few previous randomized controlled trials of supervised ex-
ercise training in older individuals have assessed sex differ-
ences in CV risk factors (16). In younger participants, males
exhibit larger improvements in fitness after endurance training
(31). Interestingly, this was not the case in our study of older
participants in which men and women demonstrated similar
absolute gains in V̇O2peak. However, women had lower base-
line V̇O2peak than men, such that in relative terms, their im-
provements were larger. Women had significantly larger lean
mass increases than men, and somewhat larger improvements
in FMD (a difference of ~1% in FMDwas clinically (32) if not
statistically significant). Interestingly, a recent study of youn-
ger adults also observed larger FMD changes in women than
men (15). On the other hand, a previous study observed that
men had greater increases in FMD after 8 wk of brisk walking
compared with estrogen-deficient women (16). Our findings
of improved vascular function after exercise contrast with
some previous studies (16,33) that have trained postmeno-
pausal women. The impacts of menopause and estradiol on ar-
terial adaptation to exercise training have been expertly re-
viewed by Seals and colleagues (13), and it has been suggested
that the effect of exercise training may be estrogen-dependent.
Our study was limited to inclusion of postmenopausal women,
but some were on stable hormone replacement therapy, and
this may have impacted our vascular function results.

It has been suggested that aerobic exercise training is a valid
modality to prevent age-related decline in lean mass (34);
however, our findings suggest that this may be sex specific.
It is perhaps germane that testosterone deficiency increases
with age in men (35). Although studies indicate that resistance
or circuit weight training is beneficial in older men with lower
testosterone levels (36–38), it remains unclear whether
ar function from weeks 0 to 24 (N = 41). There was a significant negative
decrease in waist girth was associated with higher vascular function, but
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walking exercise is a sufficient stimulus to induce skeletal mus-
cle hypertrophy (22,39,40) and whether these effects may be
more pronounced when comparing sexes. Despite a larger im-
pact of training on lean mass in women, visceral fat mass de-
creased more in men, albeit from a higher starting level. This
result is consistent with a meta-analysis that suggested that
sex differences are apparent for a decrease in visceral fat after
exercise training (41), with men having higher amounts of ab-
dominal fat (42) that impact on levels of fat reduction (43). No
sex differences were apparent in other CV risk factors in our
study, including in those lipid variables for which changes dif-
fered significantly between intervention groups.

In previous articles, we have demonstrated that exercise-
induced changes in vascular function occur independently of
changes in CV risk factors (44,45). Here we reinforce this
finding in the context of older apparently healthy individuals.
In previous articles, we reported significant improvements in
FMD (23), body composition (22), and fitness (26). This arti-
cle reports that associations between FMD and risk factors, in-
cluding fat, visceral fat, lean mass, fitness, blood glucose, and
blood pressure, were not significant. The exception was that
changes in waist circumference were negatively associated
with FMD changes in the exercised but not the control partic-
ipants. However, this finding was not confirmed by concor-
dant correlations for visceral or total body fat and FMD, and
our sample size was relatively modest in the control group.
Taken together, our findings suggest that improvement in vas-
cular health can result from exercise training (23), indepen-
dently of mediating impacts of CV risk factors, thus implicating
exercise-related episodic effects on autonomic balance (8–10)
or endothelial shear stress (10,46). In support of the latter
mechanism, we have demonstrated in younger healthy volun-
teers that exercise training in the absence of increases in shear
stress fails to induce vascular adaptation (47,48), and that re-
peated shear stress induced independently of exercise can in-
duce vascular adaptation (49,50). Ultimately, it is important
to emphasize that, in this and previous studies, we have demon-
strated that exercise training has beneficial effects on vascular
236 Official Journal of the American College of Sports Medicine
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function and health, even when CV risk factor changes are ap-
parently modest.

This study has some limitations, including a relatively small
sample size. However, this limitation was mitigated by ran-
domizing participants to a within-subject experimental design
and by pooling the trained individuals. Nonetheless, future
studies should replicate our study in larger sample sizes, per-
haps including more diverse groups of volunteers. Indeed,
the participants included in this study were relatively healthy,
which limits extrapolation of these results to groups with CV
diseases. Also, some concerns exist regarding the measure-
ment of visceral fat via dual x-ray absorptiometry regarding
its precision and repeatability, but these were also mitigated
by the repeated measures (within-subject) nature of the study.
Finally, we did not have information regarding the time since
the last menstrual cycle from the women who participated in
this study, which somewhat limits the determination of meno-
pausal status.

This study indicates that exercise training prevents deterio-
ration in lipid levels in middle-aged/older adults, a beneficial
effect apparent in both men and women. Some evidence for
sex differences was apparent in body composition, with
women demonstrating greater increases in lean body mass
and men in visceral fat loss. Taken together, these findings in-
dicate that middle-aged/older men and women both benefit
from exercise training. Finally, changes in in vascular function
were not dependent on changes in CV risk factors in middle-
aged/older participants, implicating other stimuli such as arte-
rial shear stress or beneficial effects on autonomic balance.
The authors thank our research participants, the exercise supervi-
sion staff, and the research staff who contributed to the study. This
work was supported by the National Health and Medical Research
Council (NHMRC) of Australia (1045204). D. J. G. was supported by
an NHMRC Principal Research Fellowship (APP1080914).

The authors have no conflicts of interest to declare. The results of
the study are presented clearly, honestly, and without fabrication, falsi-
fication, or inappropriate data manipulation. The results of the present
study do not constitute endorsement by the American College of
Sports Medicine.
REFERENCES

1. Paffenbarger RS Jr., Hyde RT, Wing AL, Hsieh CC. Physical activ- Council on Nutrition, Physical Activity, and Metabolism (Subcom-
ity, all-cause mortality, and longevity of college alumni. N Engl J
Med. 1986;314(10):605–13.

2. Manson JE, Hu FB, Rich-Edwards JW, et al. A prospective study of
walking as compared with vigorous exercise in the prevention of cor-
onary heart disease in women. N Engl J Med. 1999;341(9):650–8.

3. Blair SN, Kohl HW 3rd, Barlow CE, Paffenbarger RS Jr., Gibbons
LW,Macera CA. Changes in physical fitness and all-cause mortality.
A prospective study of healthy and unhealthy men. JAMA. 1995;
273(14):1093–8.

4. Lee DC, Sui X, Artero EG, et al. Long-term effects of changes in car-
diorespiratory fitness and body mass index on all-cause and cardio-
vascular disease mortality in men: the Aerobics Center Longitudinal
Study. Circulation. 2011;124(23):2483–90.

5. Thompson PD, Buchner D, Pina IL, et al. Exercise and physical ac-
tivity in the prevention and treatment of atherosclerotic cardiovascu-
lar disease: a statement from the Council on Clinical Cardiology
(Subcommittee on Exercise, Rehabilitation, and Prevention) and the
mittee on Physical Activity). Circulation. 2003;107(24):3109–16.
6. Chomistek AK, Chiuve SE, Jensen MK, Cook NR, Rimm EB. Vig-

orous physical activity, mediating biomarkers, and risk of myocardial
infarction. Med Sci Sports Exerc. 2011;43(10):1884–90.

7. Taylor RS, Unal B, Critchley JA, Capewell S.Mortality reductions in
patients receiving exercise-based cardiac rehabilitation: how much
can be attributed to cardiovascular risk factor improvements? Eur J
Cardiovasc Prev Rehabil. 2006;13(3):369–74.

8. Green DJ, O'Driscoll G, Joyner MJ, Cable NT. Exercise and cardio-
vascular risk reduction: time to update the rationale for exercise? J
Appl Physiol (1985). 2008;105(2):766–8.

9. Joyner MJ, Green DJ. Exercise protects the cardiovascular system:
effects beyond traditional risk factors. J Physiol. 2009;587(Pt 23):
5551–8.

10. Green DJ, Hopman MT, Padilla J, Laughlin MH, Thijssen DH. Vas-
cular adaptation to exercise in humans: role of hemodynamic stimuli.
Physiol Rev. 2017;97(2):495–528.
http://www.acsm-msse.org

. Unauthorized reproduction of this article is prohibited.

http://www.acsm-msse.org


BA
SIC

SC
IEN

C
ES

D
ow

nloaded from
 http://journals.lw

w
.com

/acsm
-m

sse by G
R

9gV
rV

M
rS

Jgm
x4Z

375+
D

21bO
hV

eM
Q

J8R
G

p16O
7haU

m
lE

p4
2w

kw
i2U

eK
U

dS
ttH

M
Z

9avv89y30zzeU
R

ozaIzZ
xuqD

E
F

vZ
O

Y
A

D
6vqpC

lqX
+

m
S

6N
B

sX
e0ciB

B
eY

r3hj4scqraqJW
X

R
bX

C
tA

X
U

w
0Z

V
5

W
m

aF
7l6Y

H
E

S
2Z

 on 02/04/2024
11. Murtagh EM, Murphy MH, Boone-Heinonen J. Walking: the first
steps in cardiovascular disease prevention. Curr Opin Cardiol. 2010;
25(5):490–6.

12. Ruoti RG, Troup JT, Berger RA. The effects of nonswimming water
exercises on older adults. J Orthop Sports Phys Ther. 1994;19(3):
140–5.

13. Seals DR, Nagy EE, Moreau KL. Aerobic exercise training and vas-
cular function with ageing in healthy men and women. J Physiol.
2019;597(19):4901–14.

14. Green DJ, Hopkins ND, Jones H, Thijssen DH, Eijsvogels TM, Yeap
BB. Sex differences in vascular endothelial function and health in
humans: impacts of exercise. Exp Physiol. 2016;101(2):230–42.

15. Green DJ, Marsh CE, Thomas HJ, et al. Exercise and artery function
in twins: sex differences in a cross-over trial. Hypertension. 2023;
80(6):1343–52.

16. Pierce GL, Eskurza I,Walker AE, Fay TN, Seals DR. Sex-specific ef-
fects of habitual aerobic exercise on brachial artery flow-mediated di-
lation in middle-aged and older adults. Clin Sci (Lond). 2011;120(1):
13–23.

17. Green DJ, Cox KL, Badcock JC, et al. Does manipulation of arterial
shear stress enhance cerebrovascular function and cognition in the ag-
ing brain? Design, rationale and recruitment for the Preventia
randomised clinical trial. Ment Health Phys Act. 2018;15:153–63.

18. Thijssen DH, Black MA, Pyke KE, et al. Assessment of flow-
mediated dilation in humans: a methodological and physiological
guideline. Am J Physiol Heart Circ Physiol. 2011;300(1):H2–12.

19. Thijssen DHJ, Bruno RM, van Mil A, et al. Expert consensus and
evidence-based recommendations for the assessment of flow-mediated
dilation in humans. Eur Heart J. 2019;40(30):2534–47.

20. Woodman RJ, Playford DA, Watts GF, et al. Improved analysis of
brachial artery ultrasound using a novel edge-detection software sys-
tem. J Appl Physiol (1985). 2001;91(2):929–37.

21. Greyling A, van Mil AC, Zock PL, Green DJ, Ghiadoni L, Thijssen
DH. Adherence to guidelines strongly improves reproducibility of
brachial artery flow-mediated dilation. Atherosclerosis. 2016;248:
196–202.

22. Naylor LH, Maslen BA, Cox KL, et al. Land- versus water-walking
interventions in older adults: effects on body composition. J Sci
Med Sport. 2020;23(2):164–70.

23. Haynes A, Naylor LH, Spence AL, et al. Effects of land versus water
walking interventions on vascular function in older adults. Med Sci
Sports Exerc. 2021;53(1):83–9.

24. Mann S, Beedie C, Jimenez A. Differential effects of aerobic exer-
cise, resistance training and combined exercise modalities on choles-
terol and the lipid profile: review, synthesis and recommendations.
Sports Med. 2014;44(2):211–21.

25. Kodama S, Tanaka S, Saito K, et al. Effect of aerobic exercise train-
ing on serum levels of high-density lipoprotein cholesterol: a meta-
analysis. Arch Intern Med. 2007;167(10):999–1008.

26. Haynes A, Naylor LH, Carter HH, et al. Land-walking vs.
water-walking interventions in older adults: effects on aerobic fitness.
J Sport Health Sci. 2020;9(3):274–82.

27. Huang G, Shi X, Gibson CA, Huang SC, Coudret NA, Ehlman MC.
Controlled aerobic exercise training reduces resting blood pressure in
sedentary older adults. Blood Press. 2013;22(6):386–94.

28. Cornelissen VA, Smart NA. Exercise training for blood pressure: a
systematic review and meta-analysis. J Am Heart Assoc. 2013;2(1):
e004473.

29. Kanaley JA, Colberg SR, Corcoran MH, et al. Exercise/physical ac-
tivity in individuals with type 2 diabetes: a consensus statement from
the American College of Sports Medicine. Med Sci Sports Exerc.
2022;54(2):353–68.

30. Umpierre D, Ribeiro PA, Kramer CK, et al. Physical activity advice
only or structured exercise training and association with HbA1c levels
in type 2 diabetes: a systematic review and meta-analysis. JAMA.
2011;305(17):1790–9.
EXERCISE AND RISK FACTORS

Copyright © 2023 by the American College of Sports Medicine
31. Thomas HJ, Marsh CE, Lester L, Maslen BA, Naylor LH, Green DJ.
Sex differences in cardiovascular risk factor responses to resistance
and endurance training in younger subjects. Am J Physiol Heart Circ
Physiol. 2023;324(1):H67–78.

32. Green DJ, Jones H, Thijssen D, Cable NT, Atkinson G. Flow-
mediated dilation and cardiovascular event prediction: does nitric ox-
ide matter? Hypertension. 2011;57(3):363–9.

33. Moreau KL, Stauffer BL, Kohrt WM, Seals DR. Essential role of es-
trogen for improvements in vascular endothelial function with endur-
ance exercise in postmenopausal women. J Clin Endocrinol Metab.
2013;98(11):4507–15.

34. Konopka AR, Harber MP. Skeletal muscle hypertrophy after aerobic
exercise training. Exerc Sport Sci Rev. 2014;42(2):53–61.

35. Yeap BB, Almeida OP, Hyde Z, et al. Healthier lifestyle predicts
higher circulating testosterone in older men: the Health InMen Study.
Clin Endocrinol (Oxf). 2009;70(3):455–63.

36. Chasland LC, Yeap BB, Maiorana AJ, et al. Testosterone and exer-
cise: effects on fitness, body composition, and strength in middle-
to-older aged men with low-normal serum testosterone levels. Am J
Physiol Heart Circ Physiol. 2021;320(5):H1985–98.

37. Chasland LC, Green DJ, Schlaich MP, et al. Effects of testosterone
treatment, with and without exercise training, on ambulatory blood
pressure in middle-aged and older men. Clin Endocrinol (Oxf ).
2021;95(1):176–86.

38. Green D, Chasland L, Yeap B, Naylor L. Testosterone vs exercise:
what’s best for lean mass, strength and fitness in aging men? Exerc
Sport Sci Rev. 2023; Online ahead of print.

39. Paillard T, Lafont C, Costes-Salon MC, Rivière D, Dupui P. Effects
of brisk walking on static and dynamic balance, locomotion, body
composition, and aerobic capacity in ageing healthy active men. Int
J Sports Med. 2004;25(7):539–46.

40. Park S, Park SK, Jee YS. Effects of walking training at different
speeds on body composition, muscle contractility, and immunocytes
in the elderly: a single-blinded randomized controlled trial. Arch
Gerontol Geriatr. 2023;106:104871.

41. Vissers D, HensW, Taeymans J, Baeyens JP, Poortmans J, Van Gaal
L. The effect of exercise on visceral adipose tissue in overweight
adults: a systematic review and meta-analysis. PLoS One. 2013;8(2):
e56415.

42. Power ML, Schulkin J. Sex differences in fat storage, fat metabolism,
and the health risks from obesity: possible evolutionary origins. Br J
Nutr. 2008;99(5):931–40.

43. Okura T, Nakata Y, Lee DJ, Ohkawara K, Tanaka K. Effects of aer-
obic exercise and obesity phenotype on abdominal fat reduction in re-
sponse to weight loss. Int J Obes (Lond). 2005;29(10):1259–66.

44. Green DJ, Eijsvogels T, Bouts YM, et al. Exercise training and artery
function in humans: nonresponse and its relationship to cardiovascu-
lar risk factors. J Appl Physiol (1985). 2014;117(4):345–52.

45. Holder SM, Bruno RM, Shkredova DA, et al. Reference intervals for
brachial artery flow-mediated dilation and the relation with cardio-
vascular risk factors. Hypertension. 2021;77(5):1469–80.

46. Green DJ, Maiorana A, O'Driscoll G, Taylor R. Effect of exercise
training on endothelium-derived nitric oxide function in humans. J
Physiol. 2004;561(Pt 1):1–25.

47. Tinken TM, ThijssenDH, Hopkins N, et al. Impact of shear rate mod-
ulation on vascular function in humans. Hypertension. 2009;54(2):
278–85.

48. Carter HH, Dawson EA, Birk GK, et al. Effect of SRmanipulation on
conduit artery dilation in humans.Hypertension. 2013;61(1):143–50.

49. Naylor LH, Carter H, FitzSimons MG, Cable NT, Thijssen DH,
Green DJ. Repeated increases in blood flow, independent of exercise,
enhance conduit artery vasodilator function in humans. Am J Physiol
Heart Circ Physiol. 2011;300(2):H664–9.

50. Carter HH, Spence AL, Atkinson CL, Pugh CJ, Naylor LH, Green
DJ. Repeated core temperature elevation induces conduit artery adap-
tation in humans. Eur J Appl Physiol. 2014;114(4):859–65.
Medicine & Science in Sports & Exercise® 237

. Unauthorized reproduction of this article is prohibited.


