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Abstract Swimming is a popular activity for Australian
women with proven cardiovascular beneWts yet lacks the
features thought necessary to stimulate positive adaptive
changes in bone. Given that peak bone mass is attained
close to the end of the second decade, we asked whether
swimming was negatively associated with bone mineral
density in premenopausal women beyond this age. Bone
mass and retrospective physical activity data were gathered
from 43 female swimmers and 44 controls (mean ages 40.4
and 43.8 years, respectively). Swimmers were recruited
from the Australian Union of Senior Swimmers Interna-
tional while controls were healthy community dwellers
with similar lean mass, fat mass, height, weight and body
mass index. None of the participants had a history of medi-
cal complaints nor use of medications known to aVect bone.
Dual energy X-ray absorptiometry was used to determine
areal bone mineral density at total body, lumbar spine,
proximal femur, distal radius and tibia while self-adminis-
tered questionnaires were used to approximate historical
and recent physical activity and calcium intake. Swimmers
had averaged over 2 hours of swimming per week for the
past 5 years and 1.45 h/week over lifetime with no system-
atic swimming exposure for controls. Lifetime exposure to
weight bearing and impact exercise were similar. There

were no intergroup diVerences for bone mass at any site
though controls had higher incidence of low bone mass/
osteoporosis. No diVerences in bone mass were detected
between swimmers in the upper and lower quartiles for
swim participation for any period. Long-term swim partici-
pation did not compromise areal bone mineral density.
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Introduction

Osteoporosis is said to have a predominately hereditary
basis (up to 90% at some sites) with modiWable lifestyle
factors like exercise and diet accounting for the remaining
variance (Lei et al. 2006). Women are particularly vulnera-
ble given their greater life expectancy, smaller skeletons
and loss of the bone preserving action of estrogen which
accompanies menopause. Although there are a number of
pharmacological (hormone replacement therapy, bisphos-
phonates, SERMs, cyclic PTH, salmon calcitonin) and die-
tary (calcium, Vit D) interventions, exercise is considered
important for the maintenance and improvement of bone
mass and for fall prevention.

Given the primacy of its mechanical functions, it is logi-
cal that mechanical loading be the major driver for mainte-
nance and adaptation of bone (Robling et al. 2006). An
important result of the work in this area has been the dem-
onstration that it is the combination of strain rate, strain fre-
quency and strain magnitude that is “sensed” by osteocytes
and this is central to understanding which modes of physi-
cal exercise may promote bone formation or maintenance.
In this vein, stress (force per unit area) applied to bones
through impact loading or muscle contraction is translated
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primarily into tensile, compressive and shear strains as
bone deforms under the imposed loads (Robling et al.
2006). The resulting pressure gradients force bone Xuid
through the lacunar/canalicular network deforming the
osteocytic membrane with resultant “downstream”
responses as described above (Turner and Robling 2004;
LaMothe et al. 2005). Hence stress-evoked strains and the
resulting shear forces applied to osteocytes appear to be the
means by which physical activities evoke positive adapta-
tions in bone structure. The forms of exercise best suited to
generating appropriate stresses are considered to feature
dynamic forces (not static loading) with rapid rise times
and unusual distribution i.e. moderate to high impact load-
ing and/or strong muscle contractions (Turner and Robling
2003; Kohrt et al. 2009; Nikander et al. 2009), though the
positive eVects of vibration featuring high frequencies but
very small strains complicates the picture. The latter have
been suggested to perhaps mimic the eVects of the contin-
ual postural adjustments applied by muscles to the skeleton
(Bergmann et al. 2011). In addition, it would seem that high
volumes (repetitions) are not necessary to promote a posi-
tive response with the mechanotransducing cells (osteo-
cytes) becoming refractory after a relatively small number
of stimuli then requiring a recovery period (Robling et al.
2002). Conversely, reduced loading associated with bed
rest, spinal cord injury or exposure to microgravity condi-
tions, lead to increased remodeling and bone loss (Pavy-Le
Traon et al. 2007). That high muscle forces may not be able
to compensate for a lack of impact loading is suggested
through studies revealing that competitive cyclists gener-
ally have lower bone mass than controls (Nichols et al.
2003; Rector et al. 2008; Smathers et al. 2009). Impor-
tantly, the ability to mount an adaptive response to even
“appropriate” exercise declines with age (Martyn-St James
and Carroll 2009; Nikander et al. 2010) with adults at or
beyond the age at which bone mass peaks [peak bone mass
(PBM)] most likely to experience bone “sparing” not gains,
through exercise (Engelke et al. 2006; Guadalupe-Grau
et al. 2009). Given these factors, coupled with the suscepti-
bility of women to bone loss after menopause, it is impor-
tant that skeletal mass be maximized before this event. In
this context, swimming is a popular activity among adult
women in Australia, ranking third for participation among
all physical activities surveyed by the Australian Bureau of
Statistics in 2009 (Australian Bureau of Statistics 2011).
However, prior research appears equivocal on the question
of whether swimming has positive or negative eVects on
bone with support for bone maintenance (Emslander et al.
1998; Dalkiranis et al. 2006), bone loss (Risser et al. 1990;
TaaVe et al. 1995; Magkos et al. 2007; Ferry et al. 2011)
and improved mass or geometric properties (Harumia et al.
2000; Liu et al. 2003; Falk et al. 2004). In light of what has
been proposed about the mechanisms of bone adaptation to

physical activity, it was hypothesized that a long history
of participation in organized swim training, a weight-
supported, low-impact activity, with relatively modest
demands on muscular strength, would be negatively associ-
ated with bone mineral density (BMD) in adult women at or
beyond the age of PBM leaving them more susceptible to
osteoporosis. This proposition was tested by comparing
adult female swimmers and controls on measures of bone
mass, calcium intake, historic and recent physical activity
participation. The collection of historical physical activity
data represents a unique feature of the current investigation
given that previous studies investigating the bone mass/
swimming association have generally not accounted for
long-term physical activity patterns. Furthermore, the sub-
jects were not elite athletes and therefore the Wndings relate
better to the general population of adult women seeking an
“exercise prescription” for skeletal health.

Methods

Subjects

Subjects were 87 premenopausal adults, 43 swimmers
(mean 40.5 years) recruited from the Australian Union of
Senior Swimmers International (AUSSI), and 44 healthy
community dwelling controls (43.6 years). Recruitment
was conducted through the AUSSI members’ database in
the case of the former and through advertisements in a com-
munity newspaper, local leisure centres and word-of-mouth
for the latter. All were premenopausal based upon reports
of more than nine normal cycles over the previous year and
the absence of current signs of menopause. There was no
history of medication use nor condition known to aVect
bone mass. All participants provided informed consent
prior to participation and all procedures were approved by
the RMIT University Human Ethics Committee.

Assessment of physical activity

Since the focus of the work was on the eVects of swim-
ming on bone, data on all forms of exercise exposure were
gathered to isolate any that might be attributable to swim-
ming. Lifetime, recent and current physical activity, in
addition to swim participation, were approximated using
self-administered questionnaires. Activity over the life-
span was organized by decade (Kriska et al. 1988; Kriska
and Caspersen 1997) starting at the second decade (10–19
years) and rated in metabolic equivalents (METS) as:
“Moderate” (3–4.9 METS); “Hard” (5–6.9 METS) and
“Very Hard” (>7 METS) (Ainsworth et al. 1993, 2000)
and subsequently collapsed under the headings: “Moder-
ate Plus” (sum of all categories) and “Hard Plus” (sum of
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“Hard” and “Very Hard” hours). Given the proposed
importance of weight bearing and impact activity, data
were also categorized as “Weight Bearing”; “Medium
Impact” (running without jumping e.g. tennis), “High
Impact” (featuring jumping e.g. gymnastics, basketball),
“Medium Plus Impact” (sum of Medium and High catego-
ries) with “Upper Body” and “Lower Body” categories
included to indicate how exercise loads were distributed.
Recent physical activity data (last 5- and 2-year periods)
were extracted from the lifetime records and tabulated
under the same headings.

Swimming

The nature of swim training over the past 5 years was
determined by consulting training diaries and interview-
ing swimmers and coaches while swimming history for all
participants was captured through a questionnaire elicit-
ing age of learning to swim, weeks per year, days per
week and hours per day swum over the lifespan (starting
0–9 years). From the records, average weekly hours swum
over the lifespan (by decade), past 5 years, past 3 years,
past 2 years and last year were calculated to characterize
lifelong and recent swimming volumes and to ensure that
swimmers and controls were clearly divergent for swim-
ming participation.

Calcium

Calcium intake was determined for the previous 12 months
through administration of a Calcium Frequency Question-
naire and recorded in both absolute terms (mg), and per-
centage of recommended daily intake (RDI) (Sanders et al.
2009).

Bone measurements and body composition

Areal bone mineral density (aBMD) and/or bone mineral
content (BMC) were determined by dual energy X-ray
absorptiometry (DXA, Lunar DPX-IQ, Madison, WI, USA)
for the total body, lumbar spine (L2–L4), femur subregions,
ultra distal radius and tibia. Body composition (fat and lean
mass) was determined from total body scans. Height and
weight were recorded and used in the calculation of body
mass index (BMI). Body mass for each individual was
compared with the sum of total bone, lean and fat mass
determined by DXA as a check on the validity of the X-ray
measurements.

Statistical analysis

All analyses were carried out using PASW version 18 for
Windows. A series of multivariate (MANOVA) and/or

univariate analyses were used to compare the swimmers
and controls for all variables with age entered as a covari-
ate. Gender and weight-adjusted Z and T scores (Lunar
database) were tabulated to identify subjects with low bone
mass or osteoporosis. In addition, swimmers were divided
into quartiles for swimming involvement (mean h/week)
over lifetime and last 5 years and the upper and lower quar-
tiles compared for all bone mass variables also by
MANOVA or univariate analysis (radius only). To assess
the contribution made by swimming hours to any signiW-
cant diVerences in activity patterns identiWed between
groups, MANOVAs were repeated with swimming hours
over the various periods entered as covariates. Finally, Chi-
square analysis was used to compare the incidences of low
bone mass between the groups. All results are expressed as
means and standard deviations unless otherwise stated and
statistical signiWcance was set at p < 0.05 for all compari-
sons.

Results

Physical characteristics and calcium intake

Table 1 presents basic physical characteristics of the sub-
jects along with calcium intake and the comparison
between DXA and scale-derived body mass. The groups
were well matched and there was good agreement for body
mass determined by DXA and electronic scales with DXA
returning slightly lower values. Calcium intake was low on
average in both groups, with swimmers achieving 83%
and controls 66% of the RDI with considerable variability
revealed by the large standard deviations. The only signiW-
cant diVerence detected was for age, (controls older,
p < 0.05).

Lifespan and recent physical activity

Swimming

AUSSI swimmers typically performed interval training
of varying pace and stroke totaling between 1.5 and
3.5 k per session thrice weekly (past 5 years). They had
swimming exposure of over 2 h/week for the past
5 years and 1.45 h per week over lifetime while lifetime
mean swimming for the control subjects averaged
<5 min/week.

Recent physical activity

Table 2 shows that over the previous 5- and 2-year periods,
swimmers were signiWcantly more active than controls in
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what might be termed the MET-intensive categories
(0.06 > p < 0.001) while there were no diVerences between
the groups for Weight Bearing, Impact or Lower Body
activities (all p > 0.05).

Lifetime physical activity (Table 3) mirrored recent
physical activity patterns with no diVerences between the
groups for any weight bearing or impact category for any
decade (all p > 0.05). For the earliest decade recorded,
(10–19 years) swimmers were again more active than
controls reporting signiWcantly more time in Moderate
Plus, Hard Plus and Very Hard activities as well as
performing more Upper Body work. By the third decade
(20–29 years), the number of signiWcant diVerences had
reduced to a single variable with swimmers only exceed-
ing controls for Very Hard activity. This trend continued
for the Wnal two decades with swimmers signiWcantly
more active than controls only for Hard Plus and Very
Hard activity (30–39 years) and only Very Hard activity
for the Wnal decade. It should be noted that there were
fewer respondents for these periods, particularly the last
decade. That swimmers were consistently more active in
Very Hard activities can logically be attributed to swim-
ming given its MET rating ranging between seven and 11
(Ainsworth et al. 2000). To conWrm the speculation that
swimming hours could account for the diVerences
between the groups for recent and historical physical
activity, analyses were repeated with the relevant swim-
ming hours entered as covariates. Tables 2 and 3 (p value
adj) reveal that the only comparisons that remained sig-
niWcant were for Hard Plus and Very Hard activity in the
10–19 decade.

Areal bone mineral density

Table 4 provides a summary of the age-adjusted results
derived from DXA measurements for all skeletal sites.
Swimmers exceeded controls at all sites except for the
proximal tibia but only at the ultra distal radius did the
diVerence approach signiWcance (p = 0.062, controls
lower). Both groups recorded negative T and Z scores for
this site putting them below average even for their own age
group. On the other hand, both groups were on average,
more than one standard deviation above the mean young
adult value (T score) for total body and were also in “posi-
tive territory” at the lumbar spine, femoral neck, trochanter
and total proximal femur. At Wards, swimmers were
slightly above average and controls slightly below.

All individual results were examined to reveal instances
of osteoporosis and or low bone mass based upon T scores
<¡2.5 and <¡1.0 for any site, respectively (Table 5). It
should be noted that the Wgures include some subjects with
low bone mass at more than one site.

Table 1 Physical characteristics and calcium intake of premenopausal
swimmers and controls

* p < 0.05

Variable Swimmers (N = 43) 
(mean)

Controls (N = 44) 
(mean)

Age (years) 40.4 (7.9) 43.8 (7.3)*

Height (m) 1.64 (0.069) 1.65 (0.061)

Mass (kg) 67.2 (13.26) 65.6 (14.18)

Total fat mass (kg) 21.4 (10.8) 21.2 (11.6)

% fat 30.6 30.9

Total lean mass (kg) 42.5 (4.8) 41.1 (5.06)

% lean 65.3 65.0

BMI 24.7 (4.4) 24.0 (4.9)

Calcium (mg/day) 855 (553) 691 (430)

% RDI 83 66

Body mass by DXA 
and scales

Mean diVerence (kg) ¡0.677

Range (kg) 0.346 to ¡1.505

Correlation (r) 0.99

Table 2 Recent physical activity for all categories

p value adj signiWcance after analysis with swimming hours for the
period used as a covariate

Historical activity 
variable (h/week)

Swimmers Controls p value p value adj

Mean Mean

Weight Bearing

Last 5 years 4.0 (2.8) 3.3 (2.7) 0.247

Last 2 years 4.0 (2.9) 3.4 (2.8) 0.343

Medium Plus Impact Activity

Last 5 years 0.29 (0.29) 0.30 (0.65) 0.931

Last 2 years 0.30 (0.34) 0.31 (0.68) 0.919

High Impact Activity

Last 5 years 0.07 (0.16) 0.06 (0.30) 0.818

Last 2 years 0.05 (0.14) 0.05 (0.30) 0.896

Lower Body Activity

Last 5 years 4.40 (2.79) 3.40 (2.70) 0.085

Last 2 years 4.35 (2.88) 3.41 (2.81) 0.128

Upper Body Activity

Last 5 years 1.84 (1.33) 1.03 (1.24) 0.005** 0.170

Last 2 years 1.84 (1.33) 1.04 (1.26) 0.005** 0.082

Moderate Plus Activity

Last 5 years 2.13 (1.32) 1.37 (1.40) 0.010* 0.132

Last 2 years 2.13 (1.34) 1.39 (1.44) 0.016* 0.080

Hard Plus Activity

Last 5 years 0.57 (0.44) 0.24 (0.58) 0.003** 0.770

Last 2 years 0.57 (0.40) 0.25 (0.59) 0.004** 0.617

Very Hard Activity

Last 5 years 0.48 (0.40) 0.07 (0.19) 0.000*** 0.259

Last 2 years 0.49 (0.41) 0.07 (0.19) 0.000*** 0.237
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For the control group, osteoporosis was detected in two
subjects, one at two sites (Wards and the radius) the other at
Wards alone; both individuals demonstrated low bone mass

at multiple sites. Of the remaining controls, 20 (46%) had
low bone mass, six at two or more sites and the others at a
single site, predominantly the radius. Osteoporosis was
detected at the radius in two swimmers and in one of them
it was accompanied by low bone mass at another site
(Wards). Of the remaining swimmers, 15 (36%) had low
bone mass, eight at two or more sites and the remainder at a
single site, the radius. In absolute terms, there were fewer
swimmers with osteoporosis/low bone mass at all sites and
the radius was the most common site for low bone mass in
both groups. Chi-squared analysis failed to detect any
diVerences between the groups at any individual site
(p > 0.05 for all comparisons) but when the total number of
cases of low bone mass for swimmers and controls were
compared (34 and 56, respectively), swimmers had signiW-
cantly fewer (p = 0.020).

Comparisons between upper and lower quartiles 
of swimming participation

The mean hours of participation for each swimming
quartile for each period are presented in Table 6 while

Table 3 Mean historical physical activity by decade under all catego-
ries (h/week)

p value adj signiWcance after analysis with swimming hours for the
period used as a covariate

* p < 0.05; ** p < 0.001; *** p < 0.0001

Historical 
activity variable

Swimmers Controls p value adj

Decades N Mean N Mean

10–19

Weight Bearing 43 2.52 (2.91) 44 2.02 (2.18)

Medium Plus 
Impact

0.33 (0.047) 0.20 (0.34)

High Impact 0.07 (1.25) 0.06 (0.18)

Upper Body 1.12 (0.13)* 0.50 (1.03) 0.168

Lower Body 2.87 (2.90) 2.06 (2.17)

Moderate Plus 1.53 (1.62)* 0.77 (1.16) 0.132

Hard Plus 0.62 (0.59)** 0.20 (0.33) 0.014*

Very Hard 0.50 (0.56)*** 0.08 (0.14) 0.007***

20–29

Weight Bearing 39 4.15 (3.56) 42 3.15 (3.03)

Medium Plus 
Impact

0.37 (0.58) 0.31 (0.66)

High Impact 0.09 (0.19) 0.12 (0.40)

Upper Body 1.65 (1.72) 1.13 (1.69)

Lower Body 4.46 (3.61) 3.16 (3.02)

Moderate Plus 2.11 (2.04) 1.38 (1.77)

Hard Plus 0.57 (0.65) 0.33 (0.64)

Very Hard 0.38 (0.44)** 0.09 (0.21) 0.234

30–39

Weight Bearing 28 4.17 (3.9) 36 3.41 (3.06)

Medium Plus 
Impact

0.52 (1.27) 0.25 (0.59)

High Impact 0.11 (0.29) 0.03 (0.06)

Upper Body 1.68 (1.88) 1.30 (1.73)

Lower Body 4.47 (3.90) 3.45 (3.04)

Moderate Plus 2.23 (2.41) 1.59 (1.73)

Hard Plus 0.74 (1.33)* 0.15 (0.35) 0.507

Very Hard 0.42 (0.50)*** 0.06 (0.19) 0.280

40–49

Weight Bearing 8 2.62 (1.46) 17 3.46 (2.04)

Medium Plus 
Impact

0.12 (0.15) 0.21 (0.44)

High Impact 0.01 (0.1) 0.02 (0.30)

Upper Body 1.40 (0.89)* 1.5 (1.64) 0.930

Lower Body 3.13 (1.35) 3.48 (2.06)

Moderate Plus 1.44 (0.74) 1.76 (1.73)

Hard Plus 0.50 (0.26) 0.20 (0.44)

Very Hard 0.47 (0.26)** 0.08 (0.24) 0.588

Table 4 Mean bone mass with T and Z scores for six sites for swim-
mers and controls

BMD bone mineral density, AP anteroposterior, UD ultradistal

Variable Swimmers Controls p value

Total body BMD (g/cm2) 1.227 (0.08) 1.208 (0.08) 0.275

T score 1.26 1.08

Z score 1.24 1.18

AP lumbar spine BMD (g/cm2) 1.290 (0.15) 1.266 (0.17) 0.41

T score 0.71 0.71

Z score 0.74 0.73

UD radius BMD (g/cm2) 0.366 (0.05) 0.344 (0.04) 0.062

T score ¡0.28 ¡0.88

Z score ¡0.27 ¡0.87

Femur neck (g/cm2) 1.038 (0.15) 0.999 (0.15) 0.258

T score 0.48 0.16

Z score 0.62 0.43

Femur Wards (g/cm2) 0.941 (0.18) 0.889 (0.18) 0.258

T score 0.23 ¡0.16

Z score 0.54 0.31

Femur trochanter (g/cm2) 0.882 (0.14) 0.851 (0.16) 0.248

T score 0.84 0.55

Z score 0.81 0.59

Femur total proximal (g/cm2) 1.068 (0.16) 1.025 (0.17) 0.233

T score 0.51 0.24

Z score 0.58 0.40

Tibia proximal (g/cm2) 1.066 (0.16) 1.069 (0.22) 0.677

Tibia middle (shaft) (g/cm2) 1.739 (0.21) 1.731 (0.25) 0.933

Tibia distal (g/cm2) 1.031 (0.23) 0.981 (0.19) 0.759
123



3222 Eur J Appl Physiol (2012) 112:3217–3225
Table 7 summarizes the results of the “within group” com-
parisons between upper and lower swimming quartiles for
the Wve periods for all bone mass measures. Addressing
Table 6 Wrst, there was considerable variation in mean
swimming hours between quartiles for each period with the
lowest values for all quartiles, as would be expected, found
for the lifetime period. For the more recent swimming peri-
ods (previous 1–5 years), the means for each quartile were
relatively consistent, all exceeding 40 min, 1, 2 and 4 h,
respectively. However, the diVerences between the means
for the upper and lower quartiles for each period, ranged
between 2.66 and 4.26 h/week, clearly demonstrating a
large disparity in swimming exposure within the group.

As revealed in Table 7, despite substantial diVerences in
swimming participation between quartiles, no signiWcant
diVerences were detected for bone mass at any site for
any period (all p > 0.05). The only comparisons that
approached signiWcance were for the femur at Wards for
the 5-, 3- and 2-year periods (p < 0.067 for all—lower quar-
tile lower). Indeed, there was a trend for higher bone mass
for members of the upper quartile at most sites (39 of 50
measurements).

Discussion

The results failed to support the hypothesis that a long-term
history of swimming participation is negatively associated

with aBMD in women at or beyond PBM, in fact, an oppo-
site trend was revealed. Swimmers had lower though non-
signiWcant incidence of low bone mass at each site but sig-
niWcantly fewer in total. In addition, swimmers with the
greatest exposure (upper quartile) had the highest bone
mass at most sites. These results bear some similarity to
those found by Velez et al. (2008) in an older sample
(>65 years) of Masters’ athletes including a small number
of swimmers (N = 15). For their female swimmers, osteo-
penia (low bone mass) ranged between 16% at the spine
and 61% at the femoral neck with the distal radius being the
most common site for osteoporosis. Thirty percent of their
controls were osteopenic at the spine and 55% at the femo-
ral neck, with the spine being the most common site for
osteoporosis.

Interestingly, the similarities between swimmers and
controls for bone mass, occurred in the face of a consider-
ably greater magnitude of past physical activity on the part
of the swimmers, diVerences which could be accounted for
logically on the basis of swimming participation (at least
over the prior two decades), which is rated as “Hard” or
“Very Hard” depending upon pace and distance (Ainsworth
et al. 2000). That activities categorized as Weight Bearing
and High Impact were practiced to a similar degree by the
two groups, lends support to the proposition that swimming
(as practiced by these women) did not promote bone acqui-
sition, consistent with previous investigations where bone
mass in swimmers has been generally found to be no

Table 5 Incidence of osteopo-
rosis and/or low bone mass in 
swimmers and controls at all 
sites based upon T scores <¡2.5 
and <¡1.0, respectively

Site Swimmers Controls

Number T score range Number T score range p value

AP spine 3 ¡1.33 to ¡1.97 4 ¡1.71 to ¡2.39 0.143

Total proximal femur 4 ¡1.01 to ¡1.29 7 ¡1.34 to ¡2.32 0.365

Femur Wards 10 ¡1.10 to ¡1.50 11 (2) ¡1.10 to ¡2.80 0.826

Femur trochanter 1 ¡1.00 6 ¡1.50 to ¡2.10 0.058

Femur neck 3 ¡1.13 to ¡1.26 7 ¡1.41 to ¡2.03 0.205

UD radius 13 (2) ¡1.04 to ¡2.92 20 (1) ¡1.16 to ¡3.16 0.223

Total body 0 1 ¡1.35

Total cases of 
low bone mass

34 56 0.020*

Figures under the column 
“number” represent number of 
subjects with low bone mass 
(T · ¡1.0); Wgures in parenthe-
ses represent number of subjects 
with osteoporosis (T < ¡2.5) at 
that site

AP anteroposterior, UD ultradis-
tal

Table 6 Mean swimming hours per quartile per time period

Figures in parentheses represent quartile values e.g. mean of lifetime quartile = 0.46 h and the 25th percentile (quartile 1) = 0.65 h

Period Quartile 1 (h/week) Quartile 2 (h/week) Quartile 3 (h/week) Quartile 4 (h/week) 4th Q vs. 
1st Q diVerence (h)

Lifetime 0.46 (0.65) 0.86 (1.05) 1.35 (1.78) 3.12 (5.39) 2.66

5 years 0.53 (0.83) 1.11 (1.77) 2.18 (2.90) 4.33 (5.8) 3.8

3 years 0.45 (0.70) 1.45 (1.81) 2.43 (3.15) 4.58 (7.36) 4.13

2 years 0.40 (0.68) 1.53 (1.92) 2.57 (3.40) 4.80 (6.75) 4.4

1 years 0.41 (0.70) 1.33 (1.88) 2.46 (3.49) 4.67 (7.21) 4.26
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greater than controls (Emslander et al. 1998; Dalkiranis
et al. 2006). By the same token, lack of diVerences between
the groups for bone mass at any site and the positive T and
Z scores for two of the three sites and negative results at
another for both groups, also indicate that no detrimental
eVect on bone mass could be attributed to swimming (as
practiced here). The results are reminiscent of those found
by Harumia et al. (2000), whose 74 female swimmers (40–
60 years; 1–2 h/week swimming for past 7 years) had
higher bone mass at baseline than controls and that those
with the longest swimming history had the highest values.
Furthermore, their 2-year observational study found bone
loss in both groups but to a lesser degree in the swimmers
prompting their conclusion that swimming might be osteo-
genic before menopause but thereafter is associated with
slowing loss rather than preserving bone mass. These con-
clusions should be tempered, however, given the lack of
information provided on “other” physical activities per-
formed by the participants that might have accounted for
any advantages that the swimmers enjoyed.

The prevalence of low bone mass at the ultra distal
radius for both groups in the current study was an unex-
pected Wnding, one for which the data collected could not
account, but might reXect a “preferential” loss of bone at
this site which is likely to experience a more marked
reduction in loading with age than the weight bearing
lower limbs and spine. That both swimmers and controls
demonstrated this phenomenon indicates that the strains
generated by water resistance and forearm muscle activity
(used to maintain the position of the hand during the

propulsive phase of swimming) are insuYcient to maintain
forearm bone mass. In addition, there were no diVerences
between swimmers and controls for lean mass (Table 1),
supporting the notion that the muscular loads developed
by swimming would be unlikely to produce the skeletal
strains necessary to stimulate increases in bone mass. In
terms of calcium intake, both groups were below the RDI
for this nutrient as reported over the previous year with
the control group particularly low. However, given the
absence of diVerences between the groups for bone mass
and the fact that both groups had positive Z and T scores at
most sites, it would appear that low calcium intake, had no
eVect on the results.

How might the results be explained? Perhaps the muscu-
lar demands of swimming were suYcient to overcome the
potential negative eVects of the weight-supporting medium,
generating bone strains suYcient for bone maintenance
with the exception of the forearm. It is also possible and we
consider more likely, that the swimmers performed suY-
cient weight bearing and high impact exercise outside of
the pool to maintain bone, a reasonable proposition given
the similarities between swimmers and controls for these
categories of exercise.

Swimmers and controls were well matched in terms of
physical characteristics including lean and fat mass which
have been shown to correlate signiWcantly with bone mass
in women (r = 0.68 and 0.22, respectively, Kohrt et al.
2009). This Wnding would suggest that the swimmers were
not speciWcally self-selected for swimming on the basis of
lighter frames or better buoyancy and hence makes them

Table 7 Analysis of bone mass by quartile of swimming participation recent and lifetime

Q quartile, Troch trochanter, Total Prox total proximal femur

Period Q Mean 
swim 
(h/week)

Spine (g/cc2) Femur (g/cc2) Tibia (g/cc2) Radius 
(g/cc2)

Total body 
(g/cc2)

Neck Wards Troch Total Prox Proximal Distal Middle

Lifetime 1 0.65 1.272 1.017 0.912 0.864 1.049 1.063 0.930 1.747 0.374 1.229

4 5.39 1.331 1.127 1.047 0.937 1.131 1.098 0.924 1.733 0.370 1.242

p = 0.398 p = 0.147 p = 0.178 p = 0.337 p = 0.318 p = 0.666 p = 0.931 p = 0.859 p = 0.902 p = 0.740

5 years 1 0.83 1.244 0.978 0.853 0.820 1.010 1.090 1.168 1.669 0.344 1.205

4 5.8 1.323 1.089 1.019 0.911 1.099 1.020 0.988 1.669 0.365 1.233

p = 0.227 p = 0.112 p = 0.065 p = 0.227 p = 0.286 p = 0.163 p = 0.301 p = 0.998 p = 0.329 0.519

3 years 1 0.70 1.275 1.001 0.880 0.830 1.017 1.021 1.201 1.596 0.352 1.211

4 7.36 1.294 1.095 1.037 0.914 1.096 1.026 1.003 1.719 0.371 1.232

p = 0.745 p = 0.139 p = 0.067 p = 0.560 p = 0.691 p = 0.337 p = 0.287 p = 0.212 p = 0.347 0.830

2 years 1 0.68 1.275 1.001 0.880 0.830 1.017 1.021 1.201 1.596 0.352 1.211

4 6.75 1.293 1.085 1.032 0.922 1.102 1.010 1.016 1.733 0.367 1.237

p = 0.758 p = 0.163 p = 0.063 p = 0.157 p = 0.212 p = 0.885 p = 0.287 p = 0.294 p = 0.488 0.410

1 years 1 0.70 1.302 1.018 0.891 0.857 1.045 1.127 1.093 1.660 0.350 1.220

4 7.21 1.289 1.071 1.004 .909 1.090 0.988 1.017 1.739 .359 1.235

p = 0.835 p = 0.404 p = 0.186 p = 0.452 p = 0.556 p = 0.138 p = 0.619 p = 0.612 p = 0.588 0.669
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better representatives of the general nonathletic population
and perhaps allow the results to be more generalizable.

Finally, it is acknowledged that using aBMD, as a surro-
gate for bone strength ignores the underlying distribution of
bone (moments of inertia, cortical thickness, medullary
diameter etc.) and that such geometric features may be
aVected positively by swimming in humans and animals as
suggested by others (Liu et al. 2003; Falk et al. 2004;
Warner et al. 2006).

Conclusions

Endurance style swimming in premenopausal adult women
at or beyond the time when maximum bone mass has been
accrued, does not produce any detrimental eVects on bone
mass when coupled with “normal” weight bearing activities
and therefore may be encouraged for its positive eVects on
cardiovascular Wtness and social interaction. However,
swimming in mature adult women appears to preserve bone
rather than promote gains and would not be suitable as part
of an exercise prescription to improve bone mass.

ConXict of interest There are no conXicts of interest for any of the
authors.
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