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Abstract

All types of aerobic exercise are assumed to affect cardiovascular risk similarly. There are few studies of swimming, but complex
responses to water-based exercise suggest its potential for differential effects. The aim of the study was to compare the effects of swimming
and walking on fitness, body weight, lipids, glucose, and insulin in older women. Sedentary women aged 50 to 70 years (N = 116), randomly
assigned to swimming or walking plus usual care or a behavioral intervention, completed 3 sessions per week of moderate-intensity exercise,
supervised for 6 months then unsupervised for 6 months. After 6 months, 1.6-km walk time decreased in walkers and swimmers, with greater
improvement in walkers (1.0 vs 0.6 minute, 7 = .001). In swimmers, but not walkers, distance swum in 12 minutes increased (78.1 vs —2.2
m, P =.021). Waist and hip circumferences (80.8 vs 83.1 cm and 101.8 vs 102.4 cm; P = .023 and P = .042, respectively) and insulin area
under the curve (oral glucose tolerance test) (5128 vs 5623 pU/[L 120 min], P < .05) were lower with swimming. Lipids did not differ
between groups. At 12 months, fitness was maintained. Relative to walking, swimming reduced body weight by (1.1 kg, P = .039) and
resulted in lower total and low-density lipoprotein cholesterol (0.3 and 0.2 mmol/L; P = .040 and P = .049, respectively). The magnitude of
the difference in the reduction of insulin area under the curve between swimming and walking was greater at 12 months; however, the
significance was attenuated (4677 vs 5240 pU/[L 120 min], P = .052). Compared with walking, swimming improved body weight, body fat
distribution, and insulin in the short term and, in the longer term, body weight and lipid measures. These findings suggest that the type of
exercise can influence health benefits.
© 2010 Elsevier Inc. All rights reserved.

1. Introduction

Body weight, body fat, and abdominal fat increase
with age [1,2], whereas lipid profiles, glucose tolerance,
and insulin sensitivity deteriorate [3-6]. Physical inactivity
also increases with age [7,8] and is associated with
obesity, atherosclerosis, cardiovascular disease (CVD),
and diabetes [9,10].
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Acrobic exercise has been proposed as an effective
mechanism for reducing body weight and improving
cardiovascular risk factors [11,12] and CVD [13]. All
types of aerobic exercise, given the same intensity, duration,
and frequency, have been assumed to affect these variables
similarly. The variety of modes of exercise used in previous
studies may partly explain inconsistent findings. The notion
that different modes of aerobic exercise may influence health
factors differently, although novel, has some support. For
example, we have previously reported an increase in resting
blood pressure with swimming, relative to walking, after
6 months [14].

Although the effects of aerobic vs resistance training on
cardiovascular risk factors have been compared, to our
knowledge, there has been no systematic evaluation of land-
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based walking vs water-based aerobic exercise (swimming)
on body weight, fat distribution, lipids, and glucose and
insulin responses. Walking and swimming are often
recommended to increase physical activity and gain health
benefits [15]. Walking is usually chosen [16,17]; and several
studies have evaluated its effects on body weight, lipids,
and, to a much lesser extent, glucose and insulin. There is
little information on the effects of swimming training on
these risk factors.

Although swimming has been considered of little value in
weight reduction [18,19], more recent studies have shown
effects on body weight and body composition similar to
those seen with walking [20] and tai chi chuan [21]. In older
women, head-out water-based exercise reduced total choles-
terol (TC) and low-density lipoprotein cholesterol (LDL-C)
[22]. Physically active postmenopausal women engaging in a
range of activities, including swimming, had lower fasting
glucose and insulin and better glucose and insulin responses
to a glucose challenge than inactive women [23].

We therefore aimed to compare the effects of moderate-
intensity walking and swimming on body weight, body fat
distribution, lipids, glucose, and insulin in older women. The
study used 6 months of supervised and a further 6 months of
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unsupervised training to allow assessment of short- and
longer-term outcomes.

2. Methods
2.1. Participants

The participants and study design have been described
previously [14,24]. The flow of participants in the study is
shown on Fig. 1. Healthy, sedentary women aged 50 to 70
years were recruited from the community. Entry criteria
included being a nonsmoker, being sedentary (defined as
doing <30 min/wk of moderate activity) for a least the
previous 6 months, having a body mass index (BMI) of less
than 34 kg/m?, and being able to stay afloat and move in
deep water. The women had no history of diabetes;
cardiovascular, respiratory, or other chronic illness; or any
musculoskeletal disorders that limited the capacity to
participate in the exercise program. Difficulty in communi-
cating in English and mental incapacity were exclusion
criteria. Women were excluded if blood pressure was greater
than 160/100 mm Hg; those taking antihypertensives or
cholesterol-lowering medication were included.
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Fig. 1. Participant flow from recruitment to the end of the 12-month intervention in the Sedentary Women Exercise Adherence Trial 2 study in older women.
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2.2. Study design

The women (N = 116) completed a 6-week run-in period,
with measurement of baseline swimming and walking fitness,
body weight, girths, blood lipids, and glucose and insulin
levels assessed during the last 2 weeks of this period. Women
were stratified and matched for age and BMI and randomly
assigned by research staff to a walking or swimming program
with the addition of usual care or a behavioral intervention
using computer-generated random numbers allocated and
held by a statistician. As this intervention involved a
supervised exercise intervention, it was not possible to
blind research staff to the group assignment. After the initial 6
months of supervised group-based sessions, the women
continued for a further 6 months doing the same exercise
program unsupervised.

The study was approved by the University of Western
Australia Committee for Human Rights. All participants
gave informed written consent before participation.

2.3. Exercise intervention

Both groups completed supervised exercise 3 times per
week for 6 months (24 weeks). Each session included a 10-
minute warm-up and 5-minute stretching, followed by 30
minutes of swimming or walking at a moderate intensity
(60%-70% heart rate reserve [HRges]), 10-minute cooling
down, and 5-minute stretching. In the first 4 weeks,
participants exercised at 50% HR . exercise intensity then
increased progressively to 60% to 70% HR,. at 8 weeks.
During the supervised period, the women wore heart rate
(HR) monitors (Polar Edge; Polar Electro, Kempele Finland);
the mean of HR recorded after 15 and 30 minutes of exercise
was used to determine training intensity (% HR,cs) [14,24].

At baseline, resting supine HR and blood pressure were
measured with the Dinamap 1846SX (Critikon, Tampa, FL)
with 10 readings taken over 20 minutes. Baseline HR was the
mean at 3 separate visits at the end of baseline. Maximum
HR was taken as the highest value of the predicted maximum
HR formula (220 — age) or the maximum HR on the baseline
fitness tests.

Swimming was in heated indoor and outdoor swimming
pools (mean water temperature, 26.5°C). As there was a
variation in the participant’s swimming skill, several
strategies were used to minimize the effect of this variation.
The women swam a variety of strokes in all sessions: front
and back crawl, breaststroke, and sidestroke. Swimming fins
were used for front and back crawl, particularly in the early
stages of the program, to enable the women to complete 30
minutes of swimming within the prescribed intensity. As
proficiency increased, more swimming was completed
without the fins. Approximately 40% of the session
consisted of drill work and kicking. Swimming was
completed as interval training with rest periods decreasing
as fitness increased. Only the time spent in swimming was
counted as the time for the swimming session. Furthermore,
HRs and rate of perceived exertion (RPE) were monitored

during each swim session so that the intensity of the
swimming was kept within the prescribed HR range for each
person, minimizing any potential effect of different skill
level on exercise intensity.

Walks were completed continuously around ovals and
parks. During the second 6 months, the women continued
their same exercise program unsupervised at a venue of
their choice and measured HR manually, a skill taught
during the first 6 months of the program. The swimmers
were given written instructions for workouts to complete.
Participants recorded their sessions including HR and RPE
[25] on exercise diaries that they returned each fortnight in
prepaid envelopes.

2.4. Behavioral intervention protocol

Half of the women received a behavioral intervention
package to encourage adoption and adherence to an exercise
program [26]; the other half had standard exercise informa-
tion or “usual care.”

2.5. Measurements

2.5.1. Physical fitness

The assessment of fitness has been described [14]. The
1.6-km walk test [27] was used to measure walking fitness;
swimming fitness was assessed using the 12-minute swim
test [28]. Maximal oxygen consumption (VOzmax) Wwas
estimated from the time walked and HR [27]. Heart rate
monitors were worn for both tests. After 6 and 12 months,
women completed a walk and swim test. All fitness tests were
completed at least 48 hours after the last exercise session.

2.5.2. Body weight and fat distribution

Height was measured using a fixed stadiometer with the
women in bare feet. Body weight was measured with women
in light clothing, without shoes, using a calibrated beam
balance (Avery, Birmingham, England). Waist, hip, upper
arm, forearm, chest, upper and mid thigh, and calf
circumferences were measured by trained observers to the
nearest 0.1 cm, using a 5-mm flexible retractable steel tape
measure (Rabone, Chesterman, England). Waist circumfer-
ence was measured at the level of minimum circumference
and hip girth at the level of the greatest protrusion of the
buttocks, and the waist-to-hip ratio (WHR) was calculated.
Other circumferences were measured using standard sites
[29]. Upper arm, chest, and mid thigh sites were located and
marked at the start of the session. A trained observer took 3
measurements at all sites, and the median was determined.

At baseline, the women were asked to report their weight
at 21 years. Mean weight gain per year was estimated from
the difference between baseline weight and weight at 21 years
divided by the number of years from age 21 to current age.

2.5.3. Dietary compliance and alcohol intake

Participants were asked to maintain their usual diet and
alcohol intake throughout the study. A food frequency
questionnaire [30] was used to assess the usual nutrient
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intake for the previous 3 months. Nutrient intake and
percentage of the total energy intake as protein, fat, and
carbohydrate were calculated using the FoodWorks 2007
software package (Xyris Software, Highgate Hill, Highgate
Hill, Australia). Alcohol intake (in milliliters of ethanol per
week) was calculated at baseline from consecutive 7-day
retrospective diaries over 3 weeks. At the end of 6 and 12
months, the mean alcohol consumption was calculated from
two 7-day diaries at each of these time points.

2.5.4. Blood lipids and lipoproteins

Blood was sampled in the morning, after an overnight fast.
A scalp vein needle was inserted in the forearm, and
participants rested supine for 20 minutes. Blood was sampled
for cholesterol, triglyceride, and high-density lipoprotein
cholesterol (HDL-C). The women were tested at the same
time of the day before and after intervention with blood
samples taken at least 48 hours after the last exercise session.
Serum for lipids was stored at 4°C and assayed within 3 days.
Serum TC and triglyceride concentrations were determined
by standard methods using the Hitachi 917 Biochemical
Analyzer (Roche Diagnostics, Mannheim, Germany). High-
density lipoprotein cholesterol was analyzed using a
commercial kit (Boehringer Mannheim, Mannheim, Ger-
many). Low-density lipoprotein cholesterol was estimated
from a modified Friedewald formula [31]. All analyses were
conducted by Pathwest Laboratory, Perth, Australia.

2.6. Glucose and insulin

A standard oral glucose tolerance test (OGTT) was
completed after an overnight fast. After sampling for
baseline glucose and insulin, women were given a 200-mL
drink of Glucotol (Orion Laboratories, Perth, Australia)
containing 75 g of glucose. Further samples were drawn for
glucose and insulin at 30, 60, 90, and 120 minutes after the
drink. Participants were tested at the same time of the day
with at least 48 hours between the last exercise session and
the OGTT. Samples were stored at —80°C until analysis.

Serum glucose was assayed with an automated Technicon
Axon Analyzer (Bayer Diagnostics, Sydney, Australia)
using a hexokinase method (Roche Diagnostics, Indianapo-
lis, IN). Serum insulin was analyzed by a chemiluminescent
immunometric assay on the automated immunoassay
analyzer Immulite 2000 (Siemens Medical Solutions Diag-
nostics, Los Angeles, CA). Glucose and insulin areas under
the curve (AUCs) were calculated from the OGTT using the
summary measures method [32].

2.7. Statistical analysis

As the behavioral intervention did not influence cardio-
vascular risk factors, only comparisons between walking and
swimming are presented. The SPSS statistical software
(release 15.0; SPSS, Chicago, IL) was used to analyze the
data. Baseline results are expressed as mean =+ SD; all other
results are presented as mean with 95% confidence limits

(95% confidence interval [CI]). Fasting glucose, insulin, and
insulin AUC were not normally distributed; these values
were logarithmically transformed, and geometric means and
95% CIs were computed. Frequency counts and x> analyses
were used to examine cholesterol-lowering medication,
demographic data, and retention. Differences in character-
istics between groups at baseline were assessed using 1-way
analysis of variance. Generalized linear models (GLMs),
with adjustment for baseline values, were used to examine
effects of the interventions on exercise adherence, exercise
intensity, body weight, circumferences, fitness, diet, and
lifestyle compliance. With lipid variables, GLM was
adjusted for initial lipid level, age, lipid-lowering medica-
tion, use of oral contraceptives or hormonal replacement
therapy, and change in body weight or waist circumference
as indicated. Results were considered significant if P < .05.
An a posteriori calculation indicated that the study had 80%
power at o = .05 to detect a difference of 1 kg body weight, 2
cm waist circumference, 0.33 mmol/L cholesterol, 0.23
mmol/L LDL-C, 10% AUC glucose, and 15% AUC insulin
between the 2 exercise modes.

3. Results

Baseline characteristics of the 2 exercise groups are
shown on Tables 1-4. The groups were well matched with no
significant differences between the groups. Estimated mean
weight gain since the age of 21 years was 0.5 (0.3) kg/y, with
94.4% of the women having gained weight during this
period. Most women were postmenopausal (70.6%), and
43.4% were taking hormone replacement therapy (HRT) or
oral contraceptives. Mean cholesterol was 5.2 (0.8) mmol/L,
with 34.5% outside the recommended level (=5.5 mmol/L);
and 6% were taking cholesterol-lowering medication.

Table 1
Baseline demographic and fitness characteristics of the participants in the
walking and swimming groups

Walk (n = 60) Swim (n = 56)
Age (y) 552+438 55.8+4.5
Height (mm) 163.4 +6.2 163 7+5.6
BMI (kg/m?) 26.4+3.5 263 +3.0
Overweight (BMI >25 kg/m?) (n [%]) 37 (62%) 35 (63%)
Obese (BMI >30 kg/m?) (n [%]) 8 (13%) 10 (18%)
Central obesity 30 (50%) 21 (38%)
(waist girth >84 cm) (n [%])

1.6-km walk time (min) 148+1.0 147+1.1
Swim distance (m) 291.4 £ 66.4 294.8 + 80.2
V0omax predicted (mL/[kg min]) 27.5+4.1 27.5+42
Drinkers (n [%]) 53 (88%) 44 (78.6%)
Alcohol intake (mL/wk) 59.2+51.3 60.5 + 66.6

Cholesterol-lowering 4 (7%) 3 (5%)
medication (n [%)])

Postmenopausal (n [%)])

Oral contraceptives/HRT (n [%])

38 (67.9%)
25 (43.1%)

39 (73.6%)
24 (43.6%)

Values are mean + SD. There were no significant differences between
groups at baseline.
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Table 2
Unadjusted body weight, BMI, WHR, and girth measurements at baseline
and at 6 and 12 months in the walk and swim groups

nl = baseline, Walk group Swim group Between-group
n2 = 6 mo, (nl = 60, (nl = 56, P value
n3 =12 mo n2 = 49, n2 =48,
n3 = 42) n3 = 44)

Body weight (kg)

Baseline (nl) 70.7 (11.1) 70.5 (8.8)

6 mo (n2) 70.3 (10.9) 69.4 (7.4) 181

12 mo (n3) 71.1 (10.6) 69.9 (7.9) .042
BMI (kg/m?)

Baseline 26.4 (3.5) 26.3 (3.0)

6 mo 26.2 (3.6) 25.9 (2.9) .182

12 mo 26.3 (3.4) 26.2 (2.9) .044
Waist girth (cm)

Baseline 84.0 (10.6) 82.5(8.2)

6 mo 83.1(10.7) 80.8 (7.1) .027

12 mo 82.3 (9.5) 79.9 (6.8) .080
Hip girth (cm)

Baseline 103.0 (7.5) 103.3 (6.6)

6 mo 102.4 (7.5) 101.8 (6.1) .042

12 mo 102.2 (6.8) 101.7 (6.6) .026
WHR

Baseline 0.8 (0.1) 0.7 (0.1)

6 mo 0.8 (0.1) 0.7 (0.1) 183

12 mo 0.8 (0.1) 0.7 (0.1) 722
Upper arm girth (cm)

Baseline 30.3 (3.1) 30.6 (2.6)

6 mo 29.7 (2.9) 29.9 (2.5) 964

12 mo 29.5 (2.8) 29.9 (2.5) 751
Forearm girth (cm)

Baseline 252 (1.5) 25.4(1.6)

6 mo 249 (1.4) 24.8 (1.3) .082

12 mo 24.8 (1.3) 24.8 (1.5) 073
Chest girth (cm)

Baseline 92.3 (7.8) 91.6 (5.4)

6 mo 90.6 (6.9) 90.0 (5.2) .074

12 mo 90.6 (6.4) 89.8 (5.4) 487
Gluteal thigh girth (cm)

Baseline 59.2 (5.4) 60.1 (4.7)

6 mo 58.5(5.1) 59.3 (4.6) 614

12 mo 58.9 (5.3) 59.5 (4.9) .061
Mid thigh girth (cm)

Baseline 51.8 (4.5) 52.5 (4.0)

6 mo 51.0 (4.4) 51.8 (4.0) .886

12 mo 51.4 (4.5) 52.4 (4.7) 954
Calf girth (cm)

Baseline 36.4 (2.7) 36.4 (2.5)

6 mo 36.6 (2.8) 35.8 (2.5) .000

12 mo 36.7 (2.8) 358 (2.7) .000

Values are expressed as mean (SD). There were no significant differences
between the 2 exercise modes at baseline. Between-group differences were
determined by GLM adjusted for baseline and other variables as described.

3.1. Retention, exercise adherence, intensity, and
physical fitness

The retention, adherence to the program, and changes in
fitness have been reported [24]. Briefly, at 6 months, 86% of
the women were still in the program; and at 12 months, the
retention rate was 74%. There was no difference in retention
between the 2 modes of exercise or the behavioral vs the
usual care groups. Adherence to exercise was similar in both

groups. Walkers and swimmers completed, respectively, 2.4
(2.3, 2.6) sessions per week (approximately 122 min/wk) and
2.5(2.4, 2.7) sessions per week (approximately 126 min/wk)
in the first 6 months and 2.3 (2.1, 2.5) sessions per week
(approximately 116 min/wk) and 2.3 (2.2, 2.5) sessions per
week (approximately 117 min/wk) at 12 months. Both
groups exercised in the moderate range, the walk group at
59.9% (58.0%, 61.7%) HRges and 60.9% (58.9%, 62.9%)
HRRges over 6 and 12 months and the swim group at 61.1%
(59.2%, 63.0%) HRgs and 62.5% (60.5%, 64.6%) HRgs,
respectively. There was no significant difference in intensity
between the 2 exercise modes.

Time to walk 1.6 km and predicted VO,,,,.x improved for
both groups after 6 and 12 months. The time decreased by
1.0 (0.8, 1.1) minute (7%) and 0.9 (0.6, 1.1) minute (6%) for
the walk group and by 0.5 (0.4, 0.7) minute (4%) and 0.6
(0.4, 0.7) minute (4%) for the swim group at 6 and 12
months, respectively. There was a significant between-group
difference after 6 months (P = .001) and 12 months (P =
.023). The change in predicted VO, after 6 months was
significantly higher (P = .032) for the walk group (2.5 [2.0,
3.0] mL/[kg min]) than the swim group (1.7 [1.2, 2.2] mL/
[kg min]). After 12 months, there was no significant
between-group difference in the change in predicted
VOomax With values of 2.0 (1.4, 2.6) mL/(kg min) for
walkers and 1.7 (1.1, 2.2) mL/(kg min) for swimmers.

Only the swim group showed an improvement in
distance swum in 12 minutes: 78.1 (89.4, 66.7) m (P =
.000) and 83.7 (99.5, 68.0) m (P =.000) at 6 and 12 months

Table 3
Unadjusted dietary energy intake, blood cholesterol, HDL-C, LDL-C, and
triglyceride at baseline and at 6 and 12 months in the walk and swim groups

nl = baseline, Walk group Swim group Between-group
n2 = 6 mo, (nl = 60, (nl = 56, P value
n3 =12 mo n2 = 49, n2 = 48,
n3 =42) n3 = 42)

Energy intake (kJ/d)

Baseline 9464.1 (2367.5) 10 163 (2783.3)

6 mo 9290.7 (2939.7)  9767.6 (2744.3)  .744

12 mo 8878.4 (3075.9)  9607.5 (2710.8) 412
Cholesterol (mmol/L)

Baseline 5.2 (0.6) 5.1(0.8)

6 mo 5.3(0.7) 5.3(0.9) 409

12 mo 5.5(0.8) 5.2 (0.9) .042
HDL-C (mmol/L)

Baseline 1.5(0.3) 1.5(0.3)

6 mo 1.5(0.3) 1.6 (0.3) 816

12 mo 1.5(0.3) 1.5 (0.3) 942
LDL-C (mmol/L)

Baseline 3.2 (0.6) 3.1 (0.8)

6 mo 3.3(0.7) 3.2(0.8) 336

12 mo 3.4 (0.8) 3.2(0.9) .049
Triglyceride (mmol/L)

Baseline 1.1 (0.5) 1.0 (0.4)

6 mo 1.0 (0.5) 1.0 (0.3) 577

12 mo 1.1 (0.7) 1.0 (0.5) 788

Values are expressed as mean (SD). There were no significant differences
between exercise modes at baseline. Between-group differences were
determined by GLM adjusted for baseline and other variables as described.
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Table 4

Unadjusted fasting glucose and insulin, glucose and insulin AUC, and HOMA index measurements at baseline and at 6 and 12 months in the walk and

swim groups

nl = baseline, n2 = 6 mo, Walk group Swim group Between-group
n3 = 12 mo (nl =49, n2 =49, n3 = 42) (nl =47, n2 =47, n3 =41) P value
Fasting glucose (mmol/L)

Baseline (n1) 5.1(5.0,5.2) 5.1(5.0,5.2)

6 mo (n2) 5.1(5.0,5.3) 52(5.1,54) .060

12 mo (n3) 52(5.1,54) 5.1(5.0,5.2) 306
Glucose AUC (mmol/[L 120 min])

Baseline 857.4 (807.9, 906.9) 894.6 (833.2, 956.0)

6 mo 864.6 (817.5,911.7) 901.6 (836.9, 966.3) 122

12 mo 856.2 (810.3, 902.1) 852.3 (780.5, 924.1) 236
Fasting insulin (mU/L)

Baseline 6.7 (54,84) 5.7 (4.8, 6.9)

6 mo 7.2(59,9.2) 6.5(5.5,7.7) .868

12 mo 6.8 (5.6, 8.2) 6.3(5.2,7.7) 951
Insulin AUC (mU/[L 120 min])

Baseline 5818.3 (5006.1, 6763.9) 4905.6 (4119.0, 5842.5)

6 mo 6043.6 (5256.5, 6948.6) 4787.4 (4130.4, 5447.5) .045

12 mo 5806.3 (4993.4, 6749.5) 4314.1 (3541.6, 5256.5) .052
HOMA index

Baseline 1.8 (1.5,2.1) 1.5 (1.3, 1.7)

6 mo 1.7 (1.4, 2,0) 1.5(1.3, 1.8) .634

12 mo 1.9 (1.6, 2.1) 1.6 (1.4, 1.9) 549

Values are expressed as the geometric mean (95% CI) for all measures except for glucose AUC, which is the mean (95% CI). There were no
significant differences between the 2 exercise modes at baseline. Between-group differences were determined by GLM adjusted for baseline and other

variables as described.

compared with the walk group: —2.2 (8.2, 3.7) m and 5.0
(—1.7, 11.8) m, respectively.

3.2. Body weight and circumferences

Body weight, BMI, circumferences, and WHR at each
time point for the walk and the swim groups are shown on
Table 2. At 6 months, body weight was 0.6 (0.3, 1.5) kg
lower in swimmers than in walkers; but the difference was
not statistically significant (P = .181). At 12 months, a
difference of 1.1 (0, 2.1) kg was statistically significant (P =
.039). The unadjusted changes in body weight are shown in
Fig. 2. Differences remained significant after adjustment for
age, number of exercise sessions, and exercise intensity.

After 6 months, waist girth was 1.6 (0.2, 2.9) cm (P =
.023) lower in swimmers than in walkers. At 12 months,
waist girth was lower in swimmers by 1.5 (0, 2.9) cm; and
the between-group difference was statistically significant
after adjustment for exercise intensity (P = .041). Hip
circumference was significantly lower in swimmers than in
walkers at 6 months (0.9 [0, 1.8] cm, P = .042) and 12
months (1.1 [0.1, 2.1] cm, P = .026). Swimmers also had
significantly lower calf circumference at 6 and 12 months
(0.8 [0.5, 1.2] ecm, P =.000 and 0.9 [0.5, 1.3] cm, P = .000,
respectively). There were no significant between-group
differences in WHR, chest, upper arm, forearm, or mid or
gluteal thigh circumferences at 6 or 12 months.

3.3. Lipids

Table 3 shows lipid levels at baseline and at 6 and 12
months, with unadjusted changes shown in Fig. 3. There

were no significant between-group differences in HDL-C
or triglyceride at 6 or 12 months, or in cholesterol and
LDL-C after 6 months. After 12 months, the swimmers
had significantly lower cholesterol (0.3 [0, 0.5] mmol/L,
P = .040) and LDL-C (0.2 [0, 0.5] mmol/L, P = .049).
These differences remained significant after adjustment for
change in weight or waist circumference and change in
alcohol consumption.

3.4. Dietary and alcohol intake

Energy intake was unchanged, with no significant
between-group differences after 6 or 12 months (Table 3).
Alcohol intake also showed no significant between-group
difference after 6 or 12 months.

3.5. Glucose and Insulin

Table 4 shows fasting glucose, insulin, homeostasis
model assessment (HOMA )index, and glucose and insulin
AUC at baseline and at 6 and 12 months. There was no
significant between-group difference in fasting glucose,
insulin, HOMA, or glucose AUC at 6 or 12 months (Table
4). Fig. 4 shows unadjusted changes in glucose and insulin
AUC at 6 and 12 months. Insulin AUC was significantly
lower in the swimmers than in walkers at 6 months:
5128.6 (4786.3, 5370.3) pU/(L 120 min) vs 5623.4
(5248.1, 6025.6) pU/(L 120 min) (P = .045). This
difference remained significant after adjustment for age,
exercise intensity, and change in body weight and waist
circumference. After 12 months, although the insulin AUC
remained lower in swimmers, the significance of the
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months. Significance of GLM analysis: *P < .05 and ***P < .001.

between-group difference was attenuated: 4677.4 (4265.8,
5128.6) pU/(L 120 min) in swimmers vs 5240.1 (4897.8,
5754.4) pU/(L 120 min) in walkers (P = .052).

4. Discussion

In previously sedentary older women, walking and
swimming increased fitness, with the novel finding that
swimming improved cardiovascular risk factors, relative to
walking, in the short and longer term. Swimming reduced
insulin levels after 6 months and decreased waist, hip, and
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Significance of GLM analysis: *P < .05.
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calf circumferences at both 6 and 12 months. Lower body
weight and lipids in swimmers were apparent only after
12 months.

For swimmers and walkers, the target was the recom-
mended level of 150 min/wk of moderate-intensity exercise
[33]. However, swimmers averaged about 117 min/wk over
12 months, a level which they found acceptable and
achievable in the longer term. Even this amount produced
long-term health benefits.

Weight loss with swimming has important implications
for weight control programs. Previous studies have
suggested that water-based activities may be less effective
than land-based activities because of differences in effects on
energy balance and weight loss mechanisms [18,34]. A 6-
month program of daily exercise, with exercise intensity not
controlled, reduced body weight by 10% in walkers and 12%
in cyclists; but swimmers gained 5 1b [18], possibly
explained by increased appetite and energy intake after
swimming. White et al [35] reported that, 1 hour after acute
bouts of immersed cycle ergometry, energy intake was
increased after exercise in cold water (20°C) compared with
thermoneutral water (33°C).

We asked participants not to change their diet. Energy
intake did not differ between exercise groups, suggesting

that there was no stimulation of appetite after swimming or
that swimmers successfully resisted compensatory energy
intake. Water temperature in the current study was 26.5°C,
as is usual in public pools used for swimming training.
Although cooler than neutral mean skin temperature (about
33°C), it may have affected appetite less than water at
20°C as used by White et al [35]. Whether swimming in
cooler water influences weight loss by increasing appetite
and energy intake needs investigation. Weight loss
programs involving aquatic activities need to take water
temperature into account.

A 13-week study in middle-aged obese women
compared walking on land, swimming in 27°C water,
and water walking in 29°C water. Exercise intensity was
similar to our study, but women exercised 4 times weekly
and reduced dietary fat and refined carbohydrate. Each
regimen produced similar reductions in body weight (5.9
kg) and girth measurements [20]. Differences in the target
group and study design may explain the smaller weight
loss in our study.

A recent meta-analysis concluded that walking at a self-
selected brisk pace results in modest reductions in body
weight (1.4%) and BMI [17]. We found similar changes in
our study, with swimmers reducing weight by 1.4% at 6
months and 0.9% at 12 months. Walkers in our study
differed from those reported in the meta-analysis, with a
reduction of 0.5% at 6 months and an increase of 0.9% after
12 months. The total amount of walking may have been a
factor, as the walkers in our study averaged only 116 min/wk
over 12 months compared to 188.8 min/wk reported by
Murphy et al [17]. Walking has not been found consistently
to reduce body weight; increased body weight has been
reported [36,37], possibly resulting from increased muscle
mass. We were unable to assess this, as we did not measure
changes in body composition in our study.

Weight loss in the swimmers, whose volume and
intensity of exercise were similar to those of the walkers,
may perhaps be explained by heat loss during swimming,
resulting in postexercise energy expenditure. The thermo-
neutral range of water temperature for humans is 33°C to
35°C, and moderate cold water stress occurs in water
temperature of 25°C to 32°C; core temperature falls with
even moderate exercise [38]. Oxygen consumption (V0,)
during swimming at submaximal speed is greater in cold
water [34,39].The water temperature in the current study
averaged 26.5°C. Heat produced by exercise would have
been insufficient to offset cooling [39]; and in restoring core
temperature after leaving the water, swimmers may have
increased metabolic rate, leading to greater energy expen-
diture after exercise than in walkers.

Waist circumference, an indicator of central adiposity
[40], is associated with dyslipidemia and insulin resistance
[41] and is an independent risk factor for CVD [42]. In
our study, reduction in waist circumference was significantly
greater in swimmers than walkers after 6 months but not at
12 months, at which stage waist circumference had
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decreased in the walkers. Attrition in numbers by 12 months
would have reduced power for between-group comparisons.

In a recent meta-analysis of the effects of walking on
body fatness [17], only 3 studies measured waist cir-
cumference and only 1 reported a decrease. Among
previously sedentary middle-aged women, short bouts of
walking 5 d/wk for 10 weeks reduced body weight and
waist circumference [43]. In older overweight women who
walked 10 000 steps a day for 8 weeks, neither body
weight nor waist circumference decreased [44]. As waist
girth did not change significantly in walkers until 12
months in our study, such changes may depend on the
duration of the intervention.

In our study, central and regional girths were reduced in
both walkers and swimmers, with no preferential reduction
in central obesity. We have previously reported no
preferential loss of central fat in men [45]. However, there
were differential effects of swimming to reduce waist girth in
the short term and hip and calf girths in the short and longer
term, possibly resulting from the use of different muscle
groups in swimmers and walkers [21]. Nevertheless, a
reduction in waist circumference with both modes of
exercise has positive health benefits.

4.1. Insulin

Exercise-induced weight loss improved glucose tolerance
and insulin action in healthy middle-aged men and women
[46]. Exercise independent of weight loss increased muscle
insulin sensitivity and responsiveness [47]. Walking without
weight loss improved glucose tolerance, but not insulin
responses to an OGTT, in older women [44]; there was no
change in fasting glucose and insulin in postmenopausal
women after 24 weeks of walking [48]. In our study, fasting
glucose, insulin levels, and AUC glucose were not improved
with either mode of exercise. One reason for the difference in
findings between our study and that of Swartz et al [44]
could be that the interval of 10 to 16 hours between exercise
and the OGTT measured an acute effect. We evaluated
participants at least 48 hours after the last exercise session, a
design that provides a stronger basis for our suggestion of
chronic benefits related to improvement in insulin responses
with swimming.

The effects of swimming training on glucose and insulin
responses are largely unknown. In young trained male and
female swimmers, intense training did not influence insulin
action [49]. In a cross-sectional study in postmenopausal
habitual runners, swimmers, and controls, swimmers’ levels
of insulin sensitivity were similar to runners’ despite
swimmers having higher body weight and fat [50].
Swimmers also had higher insulin sensitivity than age-
matched controls. Our finding of improved insulin
responses to an OGTT with swimming is consistent with
this report. Walking and running differ in many aspects;
running is performed at a higher intensity, and runners are
likely to differ from people who take up walking for health

benefits. Differences between responses in walkers in our
study and in runners reported by Tanaka et al [S0] are not
unexpected. Kang et al [51] found improved insulin
responses to 2 weeks of higher-intensity (70% Vo, peak),
but not lower-intensity (50% Vo, peak), exercise training in
obese individuals with or without type 2 diabetes mellitus.
As the intensity of swimming and walking in our study was
controlled and similar, this is unlikely to explain a
differential effect of swimming. A greater increase in
muscle mass in swimmers and/or greater loss of abdominal
fat could possibly account for differences in insulin action,
as skeletal muscle is the main insulin-sensitive tissue [52].
Although we found no differences in muscle mass between
the 2 exercise modes using circumferences as a surrogate
measure of body fat distribution, waist circumference was
reduced more in swimmers, suggesting a greater loss of
abdominal fat.

It is possible that the number of muscles recruited during
exercise differed between swimmers and walkers. Swim-
ming uses more muscles of the arms, upper body, and trunk
than walking and could, in this way, have contributed to
improvements in insulin responses. Increased metabolism to
preserve body temperature during swimming and the
posttraining period, as previously stated, could also
contribute to improved insulin responses in swimmers.

A diet and exercise intervention leading to selective
reductions in visceral adiposity improved glucose meta-
bolism and lipid levels [53]. In our study, differences
in insulin responses were independent of changes in
waist circumference.

4.2. Lipids

Both modes of exercise had minor effects on lipid levels.
Our finding that HDL-C did not increase with walking is
consistent with our previous findings [25] and those of others
[54-56] as well as a meta-analysis of randomized controlled
trials [57]. However, others have demonstrated increases in
HDL-C [36,58]. The lack of improvement in HDL-C with
walking may be related to lower exercise intensity [59] or
higher initial levels of HDL-C [56]. The effect of exercise on
HDL-C is inversely related to baseline values [60] that
averaged 1.5 mmol/L in our study.

An acute bout of anaerobic swimming in trained
swimmers increases HDL-C [61]; but in a cross-sectional
study of postmenopausal habitual runners, swimmers, and
sedentary women, HDL-C was similar in the swimmers and
sedentary women [50]. Previously sedentary middle-aged
adults did not increase HDL-C levels with swimming
training [62]. Our findings are similar, suggesting that
swimming may be less effective than other activities such as
running. The intensity of the activity may be important, as
vigorous-, but not moderate-, intensity swimming improved
HDL-C in young trained women [63].

Six months of swimming and walking training did not
improve TC or LDL-C levels in our study. However, after 12
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months, although the swimmers did not reduce TC or LDL-
C, the increase was less than in walkers. In meta-analysis,
walking was associated with lower LDL-C [57]. We did not
observe such a reduction, possibly explained by the intensity
of the activity. We have demonstrated lower TC and LDL-C
after 6 months of vigorous-, but not moderate-, intensity
exercise (predominantly walking) in middle- and older-aged
previously sedentary women [64].

Our finding of a long-term effect of swimming on TC and
LDL-C is consistent with a cross-sectional study reporting
lower TC and LDL-C in swimmers compared with sedentary
individuals [50]. Head-out water-based exercise reduced TC
and LDL-C in older women [22]. Favorable changes in lipids
depend on intensity and duration [8]; and as we used
moderate-intensity swimming, longer-term activity may be
needed. This differential effect of swimming may also relate
to thermoregulatory responses to swimming in water that is
below the thermoneutral range.

4.3. Strengths and limitations of the study

The strengths of our study include randomization to
exercise mode, standardization of the amount of exercise,
careful monitoring of the volume and intensity of exercise,
minimization and monitoring of change in dietary and
alcohol intake, and standardization of testing procedures. By
taking measurements at least 48 hours after the last bout of
exercise, we minimized the likelihood that results were due
to the acute effects of exercise. The longitudinal design of
our study allowed comparison of short- and longer-term
effects as well as evaluation when the participants were in
their own environment, not in contact with research staff.

Although our study used manual HR measurements in the
unsupervised 6 months of our study, both groups were
trained to measure HR during the supervised period. Our use
of circumferences rather than more refined methods that
differentiate subcutaneous and visceral fat limited our ability
to show changes in body composition and body fat
distribution. Attrition over time, reducing the sample size,
would have affected the power of the study. Our diet
questionnaire may not have been sensitive enough to detect
small changes in energy intake. However, we found a
differential effect of swimming to reduce body weight,
although the same questionnaire was used by both groups.

As we recruited only older women, results may not be
applicable to men or to younger populations; but improve-
ments in metabolic profiles with exercise are similar in both
sexes [8]. We included a few women taking cholesterol-
lowering medication, which could have modified the effects
of exercise on lipid levels. The proportion taking these drugs
was similar in walkers and swimmers, and we monitored
changes. Oral contraceptives or HRT, used by some 43% of
women, could have affected the lipid, insulin, and glucose
responses to exercise. However, analyses adjusted for the use
of lipid-lowering agents, oral contraceptives, or HRT did not
alter our findings.

This study in previously sedentary older women
demonstrates that moderate-intensity swimming compared
with walking at the same intensity confers greater benefits in
terms of body weight and body fat distribution as well as
lipid profiles and insulin responses, independent of change
in body weight and abdominal obesity. Although the
amount of swimming was below the recommended level,
long-term persistence resulted in important health benefits.
We have previously reported that swimming compared with
walking resulted in an increase in blood pressure in this
same group of women [14], although they were, on average,
normotensive and remained so. The health benefits
demonstrated here could counterbalance or even outweigh
this increased blood pressure.

The mechanisms for the differential effect of swimming
are unclear, but could relate to differences between the
activities of swimming and walking and/or the environment
in which swimming takes place. If the thermoregulatory
response to cold water explains the effects of swimming, this
has implications for the planning of water-based programs
that target weight loss and improvements in cardiovascular
risk factors.
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