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Abstract

Background: The purpose of the study was to examine how bone mineral density (BMD) is related to body
composition depending on the practiced sport (endurance, speed-power, throwing sports) in participants of the
World Masters Athletics Championship.

Methods: Dual-energy X-ray absorptiometry (DXA) was used to determine BMD and bone mass (BMC). Body
composition was analyzed by means of the JAWON Medical X-scan analyzer using bioelectrical impedance
methods. Percentage body fat (%BF), body fat mass (BFM), lean body mass (LBM), total body water (TBW), soft lean
mass (SLM), intracellular water (ICW), and extracellular water (ECW) were evaluated.

Results: Among men, the most important variables affecting the BMD norm were LBM (OR = 32.578; p = 0.023),
ECW (OR = 0.003; p = 0.016) and ICW (OR = 0.011; p = 0.031), in the distal part and SLM (OR = 5.008; p = 0.020) and
ICW (0.354, p = 0.008) in the proximal part. In women, the most important predictors of normal BMD were ICW
(OR = 10.174; p = 0.003) and LBM (OR = 0.470; p = 0.020) in the distal part and ICW (OR = 5.254; p = 0.038) in the
proximal part.

Conclusion: The representatives of strength based events had the most advantageous BMD levels. The condition
of bone tissue evaluated by BMC and BMD of the forearm in masters athletes was strongly determined by the level
of lean body components and the type of sports training associated with the track and field event. In the most
important predictors of the BMD norm were also hydration components ECW and ICW. However, this relationship
requires more research on the nature and mechanisms of these interactions.
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Introduction
Aging is accompanied by adverse changes in body func-
tioning, including those associated with impaired bone
metabolism. Across the lifespan, bone adapts both shape
and structure to changing loads and body functions [1].
However, adaptability decreases with aging. Prospective
studies have shown that the risk of fracture increases

progressively with increased age and decreased bone
mineral density (BMD) [1].
From 25 years of age, humans lose about 1% of their

bone mass per year [2]. The main causes of the age-
related decline in bone mineral density are reduced sup-
ply and absorption of calcium, hormonal changes, and
decreasing levels of physical activity [2]. However, these
causes may differ between males and females with de-
creased BMD observed to greater extent in postmeno-
pausal women. In women, estrogen is very important for
maintaining or increasing bone density. Furthermore, its
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level is associated with reduced skeletal blood flow,
physical inactivity, insufficient calcium intake, and de-
creased absorption by the gut, a reduced hormone func-
tion, and genetics [3]. Besides reduced levels of physical
activity, several factors are believed to cause age-related
loss in bone density in men. These include decreased
levels of gender hormones and insulin-like growth factor
(IGF-1) and nutrition lacking minerals. Furthermore,
secondary osteoporosis may be due to several acquired
habits and inherited conditions [2].
Regardless of gender, physical activity seems to be an

important factor affecting bone health. However, to date
there is no consensus as to the type and volume of phys-
ical activity required to normal BMD into older age.
Both weight-bearing exercise that forces the body to
work against gravity, and weight training have been
shown to directly increase bone mineral density due to
higher forces acting on muscles, tendons, ligaments, and
bone, causing the bones to remodel and get stronger [3].
Thus, exercise programmes for older individuals

should include strength, aerobic, and high-impact
weight-bearing training which may help improve or
counteract the decrease in bone mineral density ob-
served with aging [4]. Indeed, Nikander et al. [5] sug-
gested that exercise regimens that include stimulus
between moderate to high impacts from different load-
ing directions may be the optimal mode to improve
bone structure and strength across the lifespan.
While weighted exercises can help maintain BMD in

postmenopausal women and increase BMD of the spine
and hip in women with osteopenia and osteoporosis [6],
regular walking has no significant effect on the preserva-
tion of BMD at the spine, possibly due to insufficient
stimuli [7, 8]. Nevertheless, regular resistance training
and impact-loading activities should be considered the
main strategy to prevent osteoporosis in older adults [9].
Mixed loading exercise programmes include combining
jogging or other continuous forms of activity with other
low-impact loading exercises and programmes that com-
bine impact activity with high-magnitude exercise as re-
sistance training appears to be effective in reducing
postmenopausal bone loss at the hip and spine [7].
High-intensity training appears to be underestimated
in reducing the risk of osteoporosis. Varahra et al.
[10] recently suggested that a multicomponent exer-
cise program of high-speed training combined with
simulated functional tasks may enhance functional
outcomes for people with osteoporosis. Moreover,
previous research suggest that combining strength
and conditioning exercise protocols (endurance and
resistance training along with intensive work) is the
best choice to preserve/improve bone mineral density
in pre- and postmenopausal women as well as pre-
and postandropausal men [11, 12].

As physical activity is strongly recommended for pre-
venting osteoporosis, it can be assumed that people who
are actively aging are also less susceptible to both osteo-
penia and osteoporosis. Thus, masters athletes should
have greater bone mineral density than aged-matched
non-athletes and inactive peers [13, 14]. Masters athletes
are usually defined as those older than 35 years, as this is
the age at which cardiovascular issues tend to show
greater morbidity [15]. It might be suggested that aging
athletes who are less aerobically fit have lower bone
density, are at higher risk of some degenerative joint dis-
eases, and suffer more injuries. Loss of bone mineral
density is not completely reversible so older female mas-
ters athletes approaching menopause need to be more
careful. Rapid mass loss in males can also cause several
disorders including a drop of muscle mass, abilities to
recover after training, and performance itself [3].
Therefore, the main purpose of the study was to exam

how bone mineral density is related to body composition
depending on the sport’s type (endurance, speed-power,
throwing sports) in participants of the World Masters
Athletics Championship. As a secondary objective, we
aimed to determine which factors are most important
for achieving normal BMD values.

Methodology
Sample and procedure
The study included 244 participants at the World Mas-
ters Athletics Championship held in March 2019 in
Poland (107 women aged 56.6 ± 11.3 years and 137 men
aged 57.0 ± 11.9 years). Inclusion criteria were as follows:
written consent to participate in the study and the lack
of health contraindications to densitometry and body
composition analysis. Women using hormonal therapy
were excluded from the study.
The athletes were divided into 3 categories according to

the declared type of event during the competition: endur-
ance athletes (EA: long-distance running > 400m, steeple-
chase running, marathon), speed-power athletes (SPA:
sprint ≤400m, high jump, long jump, hurdles, pentathlon,
triple jump), and throwing athletes (TA: hammer throw,
discus, shot put, javelin throw, weight throw).
The study analyzed medallists of both European and

world championships. All were regular participants of
international athletic championships had trained in ath-
letics since their youth and reported a current training
frequency of at least four times a week.

Dual-energy X-ray absorptiometry
Bone parameters of the non-dominant forearm were
measured by the densitometric method for measuring
the peripheral skeleton. The method used was dual-
energy X-ray absorptiometry. Bone parameters such as
bone mass (BMC in grams) and bone mineral density
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(BMD in gram/cm2) were measured. The measurements
were taken at two locations on the forearm (distal and
proximal) and the results were given for radiale plus
ulna (R + U) and only radiale (R). The proximal site
spans 10mm starting at the 1/3 forearm length and con-
tinuing proximally. A Norland (Swissray-USA, Norland
Medical Systems Madison WI, USA) densitometer was
used, with the effective dose (μSv) of 0.05. We reported
results as T-scores (the indicator that compares bone
density of the individual with the mean of the population
of healthy young people). The densitometer was cali-
brated by means of original phantoms recommended by
the manufacturer [16].

Bioelectrical impedance methods
Body composition was analyzed by means of the
JAWON Medical X-scan PLUS 970 (Jawon Medical Co.,
Ltd., Seul, South Korea) analyzer using bioelectrical im-
pedance methods. Body mass, percentage body fat
(%BF), body fat mass (BFM), lean body mass (LBM),
total body water (TBW), soft lean mass (SLM), intracel-
lular water (ICW), and extracellular water (ECW) were
evaluated. The BIA analyzer was calibrated each morn-
ing prior to each analysis. Basic body dimensions and in-
dices were evaluated with the use of anthropometric
measurements. The length of the forearm was measured
using large anthropometric calipers at the radiale-stylion
points (r-sty) (1 mm, GPM Spreading Calliper, previous
brand name Siber Hegner, Switzerland). Body height was
measured without shoes with an anthropometer with a
measurement accuracy of 1 mm (GPM Anthropometer,
Switzerland). The data on health, training, and physical
activity history were obtained by means of a short struc-
tured interview, administered by one of the researchers
to each participant.

Statistical analysis
The normality of distribution was verified by the
Shapiro-Wilk test and the assumption of equality of vari-
ances assessed with the Levene test of homogeneity of
variance. The data analysis was based on the factor ana-
lysis of variance (ANOVA) and the Bonferroni (post
hoc) test. Effect size was calculated as eta-squared (η2)
(small effect < 0.06; medium effect 0.06–0.14; large effect
> 0.14) [17, 18]. The chi-squared test (χ2) was used to as-
sess the differences in the frequency of occurrence of
normal and low BMD in men and women according to
the event type. To determine the effect size for the chi-
squared test, the phi factor (Φ) was used (small effect:
0.1; medium effect: 0.3; large effect: 0.5) [19]. Further-
more, multivariate analysis (backward stepwise logistic
regression; input p = 0.001 and removing p = 0.150) was
used to indicate an independent association of the cor-
rect bone tissue mineralization with individual factors.

The likelihood of normal bone mineralization (odds ra-
tio - OR) was evaluated with a 95% confidence interval.
The same number of predictors was included in all
models. The tables with the regression results consider
the predictors that have entered the model. The logistic
regression model used the R2 Nagelkerke coefficient for-
mula. The significance of the regression coefficient was
assessed using the Wald-Wolfowitz series test. In all the
analyses, the significance of the effects was assumed at
p < 0.05. All calculations were performed with STATIS
TICA software (v. 12.0, StatSoft, USA).

Results
Table 1 shows the prevalence of normal and underesti-
mated bone mineralization in individual parts of the
forearm according to gender and sport. In women from
the TA group, significantly more frequent (χ2 = 19.7; p <
0.001; Φ = 0.4; medium effect) normal bone density was
found in the proximal part of radial plus ulna (R + U)
compared to EA and SPA (by 50.7 and 23.2%, respect-
ively). In the same group, a higher percentage of normal
bone density (ranging from 32 to 40%) was recorded in
the distal part of radial plus ulna (χ2 = 9.8; p = 0.043;
Φ = 0.3; medium effect). It was also observed that 87.5%
of women in the EA group and 60% in the SPA group
were characterized by underestimated BMD values
(osteopenia + osteoporosis) in the proximal part of radial
plus ulna (R + U).
In male master athletes, the prevalence of normal and

below normal bone mineral status differed from the fe-
male group. There was a lower than women prevalence
of osteopenia and osteoporosis regardless of athletic
event. Osteoporosis had a low prevalence among EA and
SPA. There were no cases of osteoporosis in the TA
group. It was also observed that 30.6% of men in the EA
group and 22.2% in the SPA group were characterized
by underestimated BMD values (osteopenia + osteopor-
osis) in the distal part of radial plus ulna (R + U). In the
proximal part, underestimated BMD was noted in a
higher percentage of men, in the EA and SPA groups in
more than half of the subjects.
The analysis of individual variables in male masters

athletics is presented in Table 2. Considering the diver-
sity of values describing men, a higher BMC was ob-
served in the TA group compared to EA and SPA in the
proximal part (R) (by 14.3 and 14.2%, respectively), R +
U (by 12.4 and 10.8%, respectively), BMC in the distal
part (by 18.3 and 14.6%, respectively), T-score in the dis-
tal part (by 0.934 and 0.641), % age matched in the distal
part (by 14.8 and 10.1% respectively). Furthermore, sig-
nificantly higher (28–59%) values for individual body
composition components such as ECW, TBW, LBM,
SLM, ICW, BFM were found in TA compared to EA
and SPA. Also compared to EA and SPA, TA athletes
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were characterized by higher values of individual an-
thropometric characteristic, such as body height (by 4.1
and 3.4%, respectively), body mass (by 40.7 and 31.7%,
respectively), wrist width (by 17.7 and 10.6%), forearm
length (by 4.5 and 3.6%). On the other hand, in the SPA
group compared to EA, 6.2% higher values of BMD were
observed in the distal part of individual body compo-
nents: LBM, TBW, SLM, ICW, ECW (6.6–7.1%) and an-
thropometric characteristics such as body mass, wrist
width (by 6.8 and 6.4%, respectively).
The analysis of individual variables in women is pre-

sented in Table 3. With regard to the most important
variables in the TA group, higher values of BMD and
BMC in the proximal part R + U (by 20.6 and 27.6%, re-
spectively), BMD (by 18.5%) and BMC (by 28.4%) in the
proximal part R. Identical trend was observed between
TA and SPA in BMC R +U and R in the proximal part
(17–18%). In terms of the differentiation of variables de-
scribing body composition components in TA group as
compared to EA and SPA, higher TBW (by 84.9 and
70.9% respectively), LBM (by 33 and 23.1%, respectively),
ICW (by 31.9 and 22%, respectively), ECW (by 50.8 and
22.9%, respectively), SLM (by 32.2 and 23.4%, respect-
ively), BFM (by 78.5 and 66.9%, respectively), and %BF
(by 6.1 and 5.9%, respectively) were recorded. Further-
more, compared to EA, athletes from the SPA group
were characterized by higher values (7–10%) of LBM,
TBW, ICW, ECW and SLM. The analysis of basic an-
thropometric characteristics in women who trained
throwing sports compared to EA and SPA found greater
body mass (by 47 and 38.3%, respectively) and wrist
width (by 12.8 and 8.2%).
Backward stepwise logistic regression for the

dependent variable BMD, with normal values depending
on the sport is presented in the Tables 4 and 5. In men,
the most important predictors of BMD (odds ratio - OR)
in the distal segment were LBM (OR = 32.578; p =

0.023), ECW (OR = 0.003; p = 0.016), and ICW (OR =
0.011; p = 0.031). Furthermore, the analysis showed that
in the proximal part, the most important predictors for
normal BMD were SLM (OR = 5.008; p = 0.020) and
ICW (0.354; p = 0.008). In women, the most important
predictors of normal bone mineralization were ICW
(OR = 10.174; p = 0.003) and LBM (OR = 0.470; p =
0.020) in the distal part and ICW (OR = 5.254; p = 0.038)
in the proximal part.

Discussion
This study used body composition and BMD data from
different types of track and field athletes during the
World Masters Athletics Championship to assess the
condition of bone tissue of athletes aged 40 years and
over. The results suggest that bone mineral density
(BMD) and bone mass (BMC) in the forearm bone in
masters athletes were strongly determined by the level of
lean body components, intracellular water, extracellular
water, and the type of training associated with the type
of track and field event. Regardless of gender, athletes
from throwing sports had the highest body mass and
BMD of the forearm bones.
Masters athletics is becoming more and more popular

because it gives the opportunity to actively participate in
sports activities, compete with peers, and function by
following the concept of active aging [20]. Research on
physical activity and health-enhancing training of the
population of older adults has been conducted mainly in
terms of the effect on health and prevention of age-
related chronic condition such as sarcopenia and osteo-
porosis [20, 21]. Athletes should pay much attention to
their bone health both in terms of long-term (e.g. osteo-
penia and osteoporosis) and short-term bone injury risks
[22]. The present data suggest that lifetime competitive
activity has a positive effect on BMD and BMC in mas-
ters athletes.

Table 1 The frequency of occurrence of normal and below-normal bone mineral status in men and women (%) depending on the
sport and percentage differences (χ2 test, level of significance p)

Bone Mineral
Density

Reference ranges Men (n = 137) χ2

(p) Φ
Women (n = 107) χ2

(p) ΦEA SPA TA EA SPA TA

Distal R + U Normal (T-score = > −0.99) 69.4 77.8 100 9.2 (0.057) 0.3 50.0 57.5 89.5 9.9 (0.043) 0.3

Osteopenic (T-score − 1 to −2.49) 29.0 22.2 – 47.9 42.5 10.5

Osteoporosis (T-score < = − 2.50) 1.6 – – 2.1 – –

Proximal R + U Normal (T-score= > −0.99) 46.8 44.4 61.9 3.8 (0.431) 0.2 12.5 40.0 63.2 19.7 (< 0.001) 0.4

Osteopenic (T-score − 1 to −2.49) 40.3 44.4 38.1 37.5 22.5 26.3

Osteoporosis (T-score < = − 2.50) 12.9 11.2 – 50.0 37.5 10.5

Proximal R Normal (T-score = > −0.99) 62.9 68.5 85.7 4.1 (0.392) 0.2 33.3 47.5 68.4 9.0 (0.060) 0.3

Osteopenic (T-score − 1 to −2.49) 30.6 25.9 14.3 22.9 25.0 21.1

Osteoporosis (T-score < = − 2.50) 6.5 5.6 – 43.8 27.5 10.5

Notes: EA Endurance athletes, SPA Speed-power athletes, TA Throwing athletes
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The prevalence of osteoporosis in older adults has
been widely demonstrated by numerous cross-sectional
and longitudinal studies [23–25]. In the present study,
no osteoporosis was observed in men in throwing
events, and the lowest number of cases of osteoporosis
in femoral neck and lumbar spine was observed among
women in throwing sports (10.5%). This is more than
5% less than in Canadian studies of normal aging indi-
viduals, where the prevalence of osteoporosis (BMD T
score ≤ − 2.5) in the femoral neck and lumbar spine in
subjects aged 50 years and over was 6.6% in men and
15.8% in women [23]. However, the difficulty in compar-
ing studies is caused by different skeleton locations in
which BMD was evaluated, different ethnic groups, and
differences in the methods of data presentation.
Apart from physical activity levels, the condition of

bone tissue is determined by several other factors, in-
cluding somatic variables and body composition. The
current study showed significant differences in selected

somatic features and body composition between masters
athletes from three different types of track and field
events. Compared to EA and SPA participants, male ath-
letes of throwing sports were characterized by higher
values of body height, body mass, wrist width, and fore-
arm length. This is consistent with the previous re-
search, confirming that strength and power training has
a positive effect on bone status [12]. In addition, in male
TA athletes, significantly higher (28–59%) values of indi-
vidual body components were observed in relation to EA
and SPA: extracellular water (ECW), total body water
(TBW), lean body mass (LBM), soft lean mass (SLM),
intercellular water (ICW) and body fat mass (BFM). In
women, the analysis of the basic anthropometric charac-
teristics of TA compared to EA and SPA athletes re-
vealed higher body mass and wrist width. With regard to
body components in the female TA group, higher (p <
0.001) values of TBW, LBM, ICW, ECW, SLM, BFM
and percentage body fat (%BF) were observed compared

Table 2 General characteristics of the analyzed variables in male Masters Athletes (n = 137)

Endurance athletes
(n = 62)

Speed-power athletes
(n = 54)

Throwing athletes
(n = 21)

Significant
difference

F (p) η2

Mean ± SD

Age [years] 56.1 ± 11.8 57.9 ± 12.2 57.5 ± 12.0 – 0.4 (0.690) 0.01

Body mass [kg] 70.5 ± 8.0 75.3 ± 8.3 99.2 ± 15.9 1v2v3 69.5 (< 0.001) 0.51

Height [cm] 175.7 ± 5.6 177.0 ± 8.1 183.0 ± 7.3 1,2v3 8.8 (< 0.001) 0.12

Forearm length [cm] 26.4 ± 1.3 26.6 ± 1.5 27.6 ± 1.8 1,2v3 5.6 (0.005) 0.08

Wrist width [cm] 6.2 ± 0.98 6.6 ± 0.72 7.3 ± 0.89 1v2v3 12.3 (< 0.001) 0.15

BMD dis R + U [g/cm2] 0.420 ± 0.067 0.446 ± 0.076 0.488 ± 0.056 1v2 7.7 (< 0.001) 0.10

BMD prox R + U [g/cm2] 0.886 ± 0.087 0.888 ± 0.089 0.916 ± 0.047 – 1.1 (0.329) 0.02

BMD prox R [g/cm2] 0.902 ± 0.088 0.910 ± 0.093 0.928 ± 0.059 – 0.7 (0.487) 0.01

BMC dis R + U [g] 2.019 ± 0.357 2.085 ± 0.404 2.389 ± 0.256 1,2v3 8.2 (< 0.001) 0.11

BMC prox R + U [g] 2.631 ± 0.306 2.670 ± 0.343 2.958 ± 0.268 1,2v3 8.7 (< 0.001) 0.11

BMC prox R [g] 1.382 ± 0.151 1.384 ± 0.253 1.580 ± 0.162 1,2v3 8.7 (< 0.001) 0.11

T-score dis R + U −0.442 ± 0.992 − 0.129 ± 1.044 0.512 ± 0.818 1,2v3 7.4 (0.001) 0.10

T-score prox R + U −1.189 ± 0.978 −1.130 ± 0.967 −0.778 ± 0.529 – 1.6 (0.205) 0.02

T-score prox R −0.766 ± 1.014 −0.690 ± 1.045 −0.459 ± 0.673 – 0.8 (0.467) 0.01

% age matched dis R + U 93.2 ± 15.2 97.9 ± 16.0 108.0 ± 12.7 1,2v3 7.5 (0.001) 0.10

% age matched prox R + U 89.4 ± 8.8 89.9 ± 8.5 92.5 ± 4.7 – 1.1 (0.326) 0.02

% age matched prox R 93.1 ± 9.1 94.0 ± 9.3 95.7 ± 5.8 – 0.7 (0.498) 0.01

%BF 16.6 ± 3.9 16.7 ± 5.5 18.1 ± 4.2 – 0.9 (0.425) 0.01

BFM [kg] 11.7 ± 3.4 12.7 ± 4.4 18.5 ± 6.6 1,2v3 18.8 (< 0.001) 0.22

LBM [kg] 59.1 ± 6.4 63.1 ± 8.7 81.8 ± 11.8 1v2v3 59.3 (< 0.001) 0.47

TBW [kg] 42.5 ± 4.6 45.5 ± 6.3 58.9 ± 8.5 1v2v3 59.4 (< 0.001) 0.47

SLM [kg] 54.9 ± 6.0 58.7 ± 8.2 76.0 ± 10.9 1v2v3 58.1 (< 0.001) 0.46

ICW 25.8 ± 3.0 27.6 ± 3.9 35.5 ± 5.3 1v2v3 52.2 (< 0.001) 0.44

ECW 16.7 ± 1.8 17.8 ± 2.4 23.4 ± 3.3 1v2v3 67.1 (< 0.001) 0.50

Notes: significant differences between groups (1 – endurance athletes; 2 – speed-power athletes, 3 – throwing athletes)
BMD Bone mineral density, BMC Bone mass, dis- distal part of forearm, prox proximal part of forearm, BF Body fat, BFM Body fat mass, LBM Lean body mass, TBW
Total body water, SLM Soft lean mass, ICW Intercellular water, ECW Extracellular water
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to EA and SPA. Furthermore, in the female group, ath-
letes from the SPA group were characterized by signifi-
cantly higher values of LBM, TBW, ICW, ECW and
SLM compared to EA.
Differentiation of the somatic structure and body com-

position of female and male athletes of different track
and field events in the masters category has been mainly
emphasized in terms of health and prevention of sarco-
penia, osteoporosis in comparison to the health status of
physically inactive peers [20]. Intensive exercise training
in middle and old age helps maintain low body fat con-
tent, and this reduces the risk of heart disease and over-
weight and obesity-related diseases [14]. The present
study showed that power events that require strength
were associated with higher body mass and muscle mass
which have been shown to reduce the risk of sarcopenia
in older individual. This was confirmed by a previous
study of male and female masters athletes with a mean

age of 55.7 years who participated in the 2014 Pan Pa-
cific Masters Games, where no case of sarcopenia was
recorded [26].
Body composition analyses of masters athletes are con-

sidered ideal for gerontological and sarcopenic tests [27].
Given their level of sports and physical activity, masters
athletes are assumed to be characterized by better health
than their peers of the same age but less active [27]. The
present study, the throwers had the highest body mass
and lean body composition components, including
muscle tissue, and this was significantly related to the
highest BMC and BMD. These findings suggest that in
late adulthood, physical training with elements of
strength training and throwing with external load char-
acteristic of weight, disc, hammer and ball has a signifi-
cant effect on bone health and reduces the risk of
osteopenia and osteoporosis in aging individuals [28,
29]. It is also possible that the masters athletes included

Table 3 General characteristics of the analyzed variables in female Masters Athletes (n = 107)

Endurance athletes
(n = 48)

Speed-power athletes
(n = 40)

Throws athletes
(n = 19)

Significant
difference

F (p) η2

Mean ± SD

Age [years] 57.7 ± 11.1 55.2 ± 12.2 56.8 ± 9.8 – 0.6 (0.562) 0.01

Body mass [kg] 57.0 ± 7.3 60.6 ± 5.7 83.8 ± 12.2 1,2v3 82.5 (< 0.001) 0.61

Height [cm] 162.6 ± 6.8 166.2 ± 7.7 169.9 ± 5.4 1v3 8.1 (< 0.001) 0.13

Forearm length [cm] 24.4 ± 1.1 24.9 ± 1.3 25.1 ± 1.2 – 3.2 (0.046) 0.06

Wrist width [cm] 4.7 ± 0.3 4.9 ± 0.3 5.3 ± 0.6 1v2v3 20.8 (< 0.001) 0.28

BMD dis R + U [g/cm2] 0.293 ± 0.054 0.322 ± 0.075 0.350 ± 0.053 1v3 6.1 (0.003) 0.10

BMD prox R + U [g/cm2] 0.649 ± 0.101 0.713 ± 0.118 0.783 ± 0.094 1v2,3 11.5 (< 0.001) 0.18

BMD prox R [g/cm2] 0.677 ± 0.117 0.736 ± 0.118 0.802 ± 0.101 1v3 8.6 (< 0.001) 0.14

BMC dis R + U [g] 1.222 ± 0.265 1.323 ± 0.316 1.544 ± 0.245 1,2v3 8.9 (< 0.001) 0.15

BMC prox R + U [g] 1.718 ± 0.259 1.867 ± 0.298 2.192 ± 0.381 1,2v3 17.2 (< 0.001) 0.25

BMC prox R [g] 0.908 ± 0.140 0.995 ± 0.159 1.166 ± 0.202 1v2v3 17.8 (< 0.001) 0.25

T-score dis R + U −0.902 ± 0.834 −0.547 ± 1.179 −0.031 ± 0.835 1v3 5.6 (0.005) 0.10

T-score prox R + U −2.660 ± 1.605 −1.691 ± 1.859 −0.555 ± 1.494 1v2,3 11.2 (< 0.001) 0.18

T-score prox R − 2.204 ± 1.840 −1.308 ± 1.863 − 0.223 ± 1.608 1v3 8.6 (< 0.001) 0.14

% age matched dis R + U 95.1 ± 15.3 100.6 ± 21.9 111.4 ± 17.8 1v3 5.3 (0.006) 0.09

% age matched prox R + U 87.7 ± 10.3 93.6 ± 13.7 103.8 ± 12.0 1,2v3 12.4 (< 0.001) 0.19

% age matched prox R 92.5 ± 11.6 98.0 ± 14.2 107.7 ± 12.1 1,2v3 9.8 (< 0.001) 0.16

%BF 24.8 ± 5.2 25.0 ± 4.1 30.9 ± 6.2 1,2v3 11.3 (< 0.001) 0.18

BFM [kg] 14.4 ± 4.7 15.4 ± 3.2 25.7 ± 7.5 1,2v3 40.1 (< 0.001) 0.43

LBM [kg] 42.4 ± 4.4 45.8 ± 4.6 56.4 ± 7.5 1v2v3 50.3 (< 0.001) 0.49

TBW [kg] 30.5 ± 3.2 33.0 ± 3.3 56.4 ± 7.5 1v2v3 50.5 (< 0.001) 0.49

SLM [kg] 39.1 ± 4.0 41.9 ± 4.8 51.7 ± 6.9 1v2v3 44.9 (< 0.001) 0.46

ICW 18.5 ± 2.0 20.0 ± 1.9 24.4 ± 3.2 1v2v3 50.0 (< 0.001) 0.49

ECW 12.0 ± 1.3 13.1 ± 1.5 16.1 ± 2.2 1v2v3 47.1 (< 0.001) 0.47

Notes: significant differences between groups (1 – endurance athletes; 2 – speed-power athletes, 3 – throwing athletes)
BMD Bone mineral density, BMC Bone mass, dis- distal part of forearm, prox proximal part of forearm, BF Body fat, BFM Body fat mass, LBM Lean body mass, TBW
Total body water, SLM Soft lean mass, ICW Intercellular water, ECW Extracellular water
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in the current study also trained in their youth. This
may have had an effect on peak bone mass and the pres-
ervation of bone status for later years of life.
A number of previous cross-sectional studies on adults

in different age have been conducted on the evaluation
of BMD in relation to physical activity, but their results
are inconclusive. Several studies have found a positive
relationship between BMD and regular lifelong physical
activity [30, 31]. However, the BMD change per standard
deviation of physical activity was only < 1% or accounted
for a small part of the variance. In subsequent studies,
physical activity was related to the BMD norm but
depended on other factors [32]. It is difficult to compare
studies because of the differences in their duration, ac-
curacy, and methods used to measure the level of phys-
ical activity, and type of physical exercise.
In our research, for a better understanding of the fac-

tors affecting BMC and BMD of masters athletes, a

logistic regression analysis was conducted for the
dependent variable BMD. It was demonstrated that in
male athletes, the most important predictors of the
BMD norm were tissue components of the body, espe-
cially LBM (OR = 32.578), hydration components ECW
and ICW in the distal part and SLM (OR = 5.008) and
ICW in the proximal part. In female athletes, the most
important predictors of BMD were ICW (OR = 10.174)
and LBM (OR = 0.470) in the distal part and ICW (OR =
5.254) in the proximal segment.
The risk factors for low BMD after age of 50 years and

older often include analyses based only on body mass
and BMI without a thorough analysis of specific body
composition components. Numerous studies from
China, the USA, and Europe have shown a positive sig-
nificant dependence of BMD on body mass and BMI
with BMD between 3 to 7% higher in the hip and lum-
bar region per 10 kg of body mass increase [30–33].

Table 4 Multiple backward stepwise logistic regression in male masters athletes

PREDICTOR ODDS RATIO 95% CI Upper 95% CI Lower p Chi2 Walda R2 Nagelkerke

NORM BMD distal

%BF 0,468 0,179 1223 0,121 2399 0,341

BFM 1850 0,647 5287 0,251 1319

LBM 32,578 1629 651,604 0,023 5195

ICW 0,011 0,000 0,672 0,031 4627

ECW 0,003 0,000 0,347 0,016 5793

BMI 1408 0,915 2167 0,119 2428

NORM BMD proximal

TBW 0,250 0,046 1372 0,111 2546 0,177

SLM 5008 1289 19,453 0,020 5415

ICW 0,354 0,164 0,761 0,008 7069

Notes: BMD Bone mineral density, BF Body fat, BFM Body fat mass, LBM Lean body mass, ICW Intercellular water, ECW Extracellular water, BMI Body mass index,
TBW Total body water, SLM soft lean mass

Table 5 Multiple backward stepwise logistic regression in female masters athletes

PREDICTOR ODDS RATIO 95% CI Upper 95% CI Lower p Chi2 Walda R2 Nagelkerke

NORM BMD distal

ICW 10,174 2223 46,565 0,003 8936 0,397

BFM 0,734 0,532 1012 0,059 3566

LBM 0,470 0,249 0,888 0,020 5418

BMI 1515 0,883 2601 0,132 2274

Speed-power athletes 0,603 0,214 1699 0,166 1915

Throws athletes 2204 0,222 21,879 0,349 0,876

NORM BMD proximal

ICW 5254 1099 25,112 0,038 4320 0,389

LBM 0,590 0,307 1134 0,114 2502

Speed-power athletes 1859 0,389 8878 0,099 2729

Endurance athletes 0,585 0,102 3365 0,186 1749

Notes: BMD Bone mineral density, ICW Intercellular water, BFM Body fat mass, LBM Lean body mass, BMI Body mass index
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The present study of masters athletes, BMD and BMC
were significantly related to lean body composition com-
ponents and, interestingly, by intracellular and extracel-
lular water. Both adipose tissue and lean body mass can
affect bone mass [21] with their relative effect modulated
by their absolute amount and ratio to total body mass.
The meta-analysis by Ho-Pham and his colleagues [34]
demonstrated that tissue components have a significant
impact on bone condition but it depends on the skeleton
measurement location. Moreover, the positive character
of the lumbar spine BMD correlation with lean body
mass was demonstrated after taking into account age
and body mass [24, 25]. The effect of lean body mass on
higher BMD and BMC at all skeletal locations in the
current study may be explained by the associated bone
loading and its effect on the biomechanical relationships
between body size and bone mass [35]. Relatively high
mechanical load reduces bone resorption and stimulates
bone formation, increases bone strength and mineral
content, and delays the occurrence of osteoporosis [35].
This explain the results obtained for both BMD and
BMC in the present study. These findings may an agree-
ment with Tanaka et al. [36] who stated that masters
athletes have greater functional capacity at any age than
their sedentary peers. However, it should be noticed that
only healthy aging adults with healthy body composition
and good physical function typically to participate in
competitive masters sports [26].
Water is an important constituent of the body so changes

in the total body water (TBW) will impact on body com-
position. The differentiation of TBW into intracellular
water (ICW) and extracellular water (ECW) compartments
is useful to describe fluid shifts and fluid balance and to ex-
plore variations in levels of hydration [37].
Water makes up about a 1/4 of a bone’s mass [38].

Bone is also a fluidimbibed material in which the distri-
bution of water affects the mechanical properties of
bone. Collagen and calcium account for the rest of the
mass. When bones contain enough water, nutrients are
able to target bone tissue more effectively. Studies also
shown that water is a key component in the function of
the cortical bone, which is the hard external layer of the
bone. Although the effects of dehydration on the mech-
anical behavior of cortical bone are known [39], the
underlying mechanisms for such effects are not clear.
From an energy perspective, the research focus to
water–mineral interaction and the water–collagen inter-
action. Therefore, scientists speculate that loss of water
in the collagen phase decreases the toughness of bone,
whereas loss of water associated with the mineral phase
decreases both bone strength and toughness [39]. In our
study it was demonstrated that in the male group, the
most important predictors of the BMD norm were tissue
components of the body, among them also hydration

components ECW and ICW in the distal part and ICW
in the proximal part. In women also in the most import-
ant predictors were ICW (OR = 10.174) in the distal part
and ICW (OR = 5.254) in the proximal segment.
Previous bone tissue studies have emphasized positive

correlations of BMD with body mass, with calcium 50 to
70% of body mass in a healthy adult being water, which fa-
cilitates the transport of nutrients to body cells. Therefore,
the dependence of BMD and BMC on the appropriate
levels of TBW, ECW, and ICW may be explained in the
role of transporting body fluids for appropriate trophic ac-
tivity and nourishing bone tissue. Furthermore, in the
extracellular fluid, albumin is the most abundant protein
and accounts for calcium 70% of the colloid osmotic pres-
sure in plasma and thus plays an important role in regu-
lating the distribution of the fluid in the human body,
including bone tissue [40, 41]. However, the nature and
relationships between the level of body hydration and
bone mineral status further research.
The type of activity appears to strongly improve on

BMD. However, most studies have been carried out in
groups of adolescent. This effect was also confirmed on
aging active people remains unclear. It can be assumed that
weight-bearing activities are an important determinant of
bone density. High-impact training including sprinting,
throwing and jumping also seems to be associated with the
modification of the bone structure by having great osteo-
genic potential [42, 43]. In Masters Athletes, Piasecki et al.
[13, 14] stated that especially sprinting is associated with
greater hip, spine and tibial BMD. What is more this effect
was not confirmed to endurance running. It strongly sug-
gest that aerobic activity should also be supplemented by
dynamic sprint or jumping activities. Furthermore, activity
during growth and young adulthood periods results in im-
provements in bone density in middle-aged and older
adults [44]. The present findings are in agreement with pre-
vious research. A study of women in the post-menopausal
involutional age showed that the highest BMD and BMC
values were found in women who were physically active
throughout their lives [16]. In the present study, the partici-
pants were physically active and involved in sports training
in the first and second decades of life. This observation sug-
gest that prior sports training influences peak bone mass
and in later decades.
One limitation of the full interpretation of the results

of the study is the relatively small number of athletes
studied after taking into account gender and the type of
track and field event. The findings of the study suggest
the need for bone scans in other skeletal locations of
older athletes.

Conclusions
The prevalence of low T-scores in the form of osteope-
nia and osteoporosis especially among women (EA,SPA,
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TA) in both measurement sections, and in men (EA and
SPA) especially in the proximal section indicate the
presence of developing osteoporosis risk which might
lead to fractures in more than half of the masters ath-
letes. The exception is the TA group of men. The repre-
sentatives of strength events had the most advantageous
BMD levels. Therefore, strength based exercises are sug-
gested to slow the process of osteopenia and osteopor-
osis. The condition of bone tissue evaluated by bone
mass (BMC) and bone mineral density (BMD) of the
forearm in masters athletes was strongly determined by
the level of lean body components and the type of sports
training associated with the different track and field
events. The dependence of BMD on tissue components
ICW and ECW in aging athletes is an important finding.
The most important predictors of the BMD norm were
also hydration components ECW and ICW. Intracellular
and extracellular water levels increased the odds ratio of
normal bone mineralization by several times. However,
this relationship requires more research as to delineate
the nature and mechanisms of these interactions.

Abbreviations
BMC: Bone mass; BMD: Bone mineral density; DIS: Distal part of forearm;
EA: Endurance athletes; ECW: Extracellular water; ICW: Intracellular water;
LBM: Lean body mass; BFM: Mass of body fat; %BF: Percentage body fat;
PROX: Proximal part of forearm; SLM: Soft lean mass; SPA: Speed-power
athletes; TA: Throwing athletes; TBW: Total body water

Authors’ contributions
Conceptualization, A.K.; J.G. A. and K.G.; methodology, A.K. and J.G. A.; formal
analysis, J.G. A., K.G. and M.P.; investigation, A.K., K.G. and M.P.; data curation,
A.K.; writing—original draft preparation, A. K, J.G. A., K.G. and M.P.;
writing—review and editing, A.K., J.G. A. and K.G. The author(s) read and
approved the final manuscript.

Authors’ information
All require information are on title page.

Funding
Scientific work was financed by the Ministry of Science and Higher
Education in 2020/2022 as part of the Scientific School of the University of
Physical Education in Warsaw - SN No. 5 “Biomedical determinants of
physical fitness and sports training in adult population”.

Availability of data and materials
The datasets generated and/or analysed during the current study are not
publicly available due to institutional restrictions but are available from the
corresponding author on reasonable request.

Declarations

Ethics approval and consent to participate
Participants were informed about the risks and provided their written
informed consent. The study was carried out in accordance with the Code of
Ethics of the World Medical Association (Declaration of Helsinki) for
experiments involving humans. The project was approved by the Senate
Ethics Committee for Scientific Research of the Józef Piłsudski University of
Physical Education in Warsaw, protocol number SKE 01–09/2017.

Consent for publication
Not applicable.

Competing interests
The authors declare that there is no other conflict of interest to disclose.

Author details
1Department of Human Biology, Józef Piłsudski University of Physical
Education in Warsaw, Marymoncka 34, 00-968 Warsaw, Poland. 2Department
of Theory of Sport, Józef Piłsudski University of Physical Education in Warsaw,
Marymoncka 34, 00-968 Warsaw, Poland. 3Department of Sport Games, Józef
Piłsudski University of Physical Education in Warsaw, Marymoncka 34, 00-968
Warsaw, Poland. 4Department of Team Sport Games, University School of
Physical Education in Wrocław, Al. Ignacego Jana Paderewskiego 35, 51-612
Wrocław, Poland.

Received: 9 February 2021 Accepted: 17 May 2021

References
1. Compston J, Cooper A, Cooper C, Gittoes N, Gregson C, Harvey N, et al. The

National Osteoporosis Guideline Group (NOGG). UK clinical guideline for the
prevention and treatment of osteoporosis. Arch Osteoporos. 2017;12(1):43.

2. Hannan MT, Felson DT, Dawson-Hughes B, Tucker KL, Cupples LA, Wilson
PW, et al. Risk factors for longitudinal bone loss in elderly men and women:
the Framingham osteoporosis study. J Bone Miner Res. 2000;15(4):710–20.
https://doi.org/10.1359/jbmr.2000.15.4.710.

3. Reaburn P. The masters athlete: improve your performance, improve your
fitness, improve your life. Central Queensland University. Institute for Health
and Social Science Research (IHSSR). Mackay, Qld.: Info Publishing; 2009.
ISBN: 9780980546620 (pbk.).

4. Gómez-Cabello A, Ara I, González-Agüero A, Casajús JA, Vicente-Rodríguez
G. Effects of training on bone mass in older adults: a systematic review.
Sports Med. 2012;42(4):301–25. https://doi.org/10.2165/11597670-
000000000-00000.

5. Nikander R, Sievanen H, Heinonen A, Daly RM, Uusi-Rasi K, Kannus P.
Targeted exercise against osteoporosis: a systematic review and meta-
analysis for optimising bone strength throughout life. BMC Med. 2010;
21(8):47.

6. Zehnacker CH, Bemis-Dougherty A. Effect of weighted exercises on
bone mineral density in post-menopausal women. A systematic review.
J Geriatr Phys Ter. 2007;30(2):79–88. https://doi.org/10.1519/00139143-2
00708000-00007.

7. Martyn-St James M, Carroll S. Meta-analysis of walking for preservation
of bone mineral density in postmenopausal women. PLoS One. 2008;
43(3):521–31.

8. Ma D, Wu L, He Z. Efects of walking on the preservation of bone mineral
density in perimenopausal and postmenopausal women: a systematic
review and meta-analysis. Menopause. 2013;20(11):1216–26. https://doi.
org/10.1097/GME.0000000000000100.

9. Bolam KA, van Ufelen JG, Taafe DR. The effect of physical exercise on bone
density in middle-aged and older men: a systematic review. Osteop Int.
2013;24(11):2749–62. https://doi.org/10.1007/s00198-013-2346-1.

10. Varahra A, Rodrigues IB, MacDermid JC, Bryant D, Birmingham T. Exercise to
improve functional outcomes in persons with osteoporosis: a systematic
review and meta-analysis. Osteoporos Int. 2018;29(2):265–86. https://doi.
org/10.1007/s00198-017-4339-y.

11. Xu J, Lombardi G, Jiao W, Banfi G. Effects of exercise on bone status in
female subjects, from Young girls to postmenopausal women: an overview
of systematic reviews and meta-analyses. Sports Med. 2016;46(8):1165–82.
https://doi.org/10.1007/s40279-016-0494-0.

12. Kanis JA, Cooper C, Rizzoli R, Reginster JY. Scientific advisory Board of the
European Society for clinical and economic aspects of osteoporosis (ESCEO)
and the committees of scientific advisors and National Societies of the
international Osteoporosis Foundation (IOF). European guidance for the
diagnosis and management of osteoporosis in postmenopausal women.
Osteoporos Int. 2019;30(1):3–44. https://doi.org/10.1007/s00198-018-4704-5.

13. Piasecki J, McPhee JS, Hannam K, Deere KC, Elhakeem A, Piasecki M, et al.
Hip and spine bone mineral density are greater in master sprinters, but not
endurance runners compared with non-athletic controls. Arch Osteoporos.
2018;13(1):72. https://doi.org/10.1007/s11657-018-0486-9.

14. Piasecki J, Ireland A, Piasecki M, Deere K, Hannam K, Tobias J, et al.
Comparison of muscle function, Bone Mineral Density and Body
Composition of Early Starting and Later Starting Older Masters Athletes.
Front Physiol. 2019;10:1050. https://doi.org/10.3389/fphys.2019.01050.

Kopiczko et al. European Review of Aging and Physical Activity            (2021) 18:7 Page 9 of 10

https://doi.org/10.1359/jbmr.2000.15.4.710
https://doi.org/10.2165/11597670-000000000-00000
https://doi.org/10.2165/11597670-000000000-00000
https://doi.org/10.1519/00139143-200708000-00007
https://doi.org/10.1519/00139143-200708000-00007
https://doi.org/10.1097/GME.0000000000000100
https://doi.org/10.1097/GME.0000000000000100
https://doi.org/10.1007/s00198-013-2346-1
https://doi.org/10.1007/s00198-017-4339-y
https://doi.org/10.1007/s00198-017-4339-y
https://doi.org/10.1007/s40279-016-0494-0
https://doi.org/10.1007/s00198-018-4704-5
https://doi.org/10.1007/s11657-018-0486-9
https://doi.org/10.3389/fphys.2019.01050


15. Sanchis-Gomar F, Perez-Quilis C, Leischik R, Lucia A. Epidemiology of
coronary heart disease and acute coronary syndrome. Ann Transl Med.
2016;4(13):256. https://doi.org/10.21037/atm.2016.06.33.

16. Kopiczko A. Bone mineral density in old age: the influence of age at
menarche, menopause status and habitual past and present physical
activity. Arch Med Sci. 2020;16(3):657–65. https://doi.org/10.5114/aoms.2
019.81314.

17. Manion L, Cohen L, Morrison K. Research Methods in Education (8th ed.
). Routledge; 2017. https://doi.org/10.4324/9781315456539.

18. Grissom RJ, Kim JJ. Effect sizes for research: Univariate and multivariate
applications (2nd ed.). Routledge; 2012. ISBN: 9780415877695.

19. Cohen J. Statistical Power Analysis for the Behavioral Sciences (2nd ed.).
Routledge; 1988. https://doi.org/10.4324/9780203771587.

20. Borges N, Reaburn P, Driller M, Argus C. Age-related changes in
performance and recovery kinetics in masters athletes: a narrative review. J
Aging Phys Act. 2016;24(1):149–57. https://doi.org/10.1123/japa.2015-0021.

21. Kapuš O, Gába A, Lehnert M. Relationships between bone mineral density,
body composition, and isokinetic strength in postmenopausal women.
Bone Rep. 2020;3(12):100255. https://doi.org/10.1016/j.bonr.2020.100255.

22. Sale C, Elliott-Sale KJ. Nutrition and athlete bone health. Sports Med. 2019;
49(Suppl 2):139–51. https://doi.org/10.1007/s40279-019-01161-2.

23. Tenenhouse A, Joseph L, Kreiger N, Poliquin S, Murray TM, Blondeau L, et al.
Canadian multicentre osteoporosis study. Estimation of the prevalence of
low bone density in Canadian women and men using a population-specific
DXA reference standard: the Canadian multi-Centre osteoporosis study
(CaMos). Osteoporos Int. 2000;11(10):897–904. https://doi.org/10.1007/s001
980070050.

24. Kim CJ, Oh KW, Rhee EJ, Kim KH, Jo SK, Jung CH, et al. Relationship
between body composition and bone mineral density (BMD) in
perimenopausal Korean women. Clin Endocrinol. 2009;71(1):18–26. https://
doi.org/10.1111/j.1365-2265.2008.03452.x.

25. Andreoli A, Bazzocchi A, Celi M, Lauro D, Sorge R, Tarantino U, et al.
Relationship between body composition, body mass index and bone
mineral density in a large population of normal, osteopenic and
osteoporotic women. Radiol Med. 2011;116(7):1115–23. https://doi.org/10.1
007/s11547-011-0689-2.

26. Fien S, Climstein M, Quilter C, Buckley G, Henwood T, Grigg J, et al.
Anthropometric, physical function and general health markers of masters
athletes: a cross- sectional study. Peer J. 2017;7(5):e3768. https://doi.org/10.
7717/peerj.3768.

27. Young BW, Weir PL, Starkes JL, Medic N. Does lifelong training temper age-
related decline in sport performance? Interpreting differences between
cross-sectional and longitudinal data. Exp Aging Res. 2008;34(1):27–48.
https://doi.org/10.1080/03610730701761924.

28. Creighton DL, Morgan AL, Boardley D, Brolinson PG. Weightbearing exercise
and markers of bone turnover in female athletes. J Appl Physiol. 2001;90(2):
565–70. https://doi.org/10.1152/jappl.2001.90.2.565.

29. Prouteau S, Pelle A, Collomp K, Benhamou L, Courteix D. Bone density in
elite judoists and effects of weight cycling on bone metabolic balance. Med
Sci Sports Exerc. 2006;38(4):694–700. https://doi.org/10.1249/01.mss.000021
0207.55941.fb.

30. Lunt M, Masaryk P, Scheidt-Nave C, Nijs J, Poor G, Pols H, et al. The effects
of lifestyle, dietary dairy intake and diabetes on bone density and vertebral
deformity prevalence: the EVOS study. Osteoporos Int. 2001;12(8):688–98.
https://doi.org/10.1007/s001980170069.

31. Cauley JA, Fullman RL, Stone KL, Zmuda JM, Bauer DC, Barrett-Connor E,
et al. Factors associated with the lumbar spine and proximal femur bone
mineral density in older men. Osteoporos Int. 2005;16:1525–37.

32. Nguyen TV, Center JR, Eisman JA. Osteoporosis in elderly men and women:
effects of dietary calcium, physical activity, and body mass index. J Bone
Miner Res. 2000;15(2):322–31. https://doi.org/10.1359/jbmr.2000.15.2.322.

33. Orwoll ES, Bevan L, Phipps KR. Determinants of bone mineral density in
older men. Osteoporos Int. 2000;11(10):815–21. https://doi.org/10.1007/s001
980070039.

34. Ho-Pham Lan T, Nguyen Uyen DT, Nguyen TV. Association between lean
mass, fat mass, and bone mineral density: a meta-analysis. J Clin Endocrinol
Metab. 2004;99(1):30–8. https://doi.org/10.1210/jc.2013-3190.

35. Travison TG, Araujo AB, Esche GR, McKinlay JB. The relationship between
body composition and bone mineral content: threshold effects in a racially
and ethnically diverse group of men. Osteoporos Int. 2008;19(1):29–38.
https://doi.org/10.1007/s00198-007-0431-z.

36. Tanaka H, Tarumi T, Rittweger J. Aging and Physiological Lessons from
Master Athletes. Compr Physiol. 2019;10(1):261–96. https://doi.org/10.1002/
cphy.c180041.

37. Lee SY, Gallagher D. Assessment methods in human body composition.
Curr Opin Clin Nutr Metab Care. 2008;11(5):566–72. https://doi.org/10.1097/
MCO.0b013e32830b5f23.

38. Wilson EE, Awonusi A, Morris MD, Kohn DH, Tecklenburg MM, Beck LW.
Three structural roles for water in bone observed by solid-state NMR.
Biophys J. 2006;90(10):3722–31. https://doi.org/10.1529/biophysj.105.070243.

39. Nyman JS, Roy A, Shen X, Acuna RL, Tyler JH, Wang X. The influence of
water removal on the strength and toughness of cortical bone. J Biomech.
2006;39(5):931–8. https://doi.org/10.1016/j.jbiomech.2005.01.012.

40. Bernardi M, Ricci CS, Zaccherini G. Role of human albumin in the
management of complications of liver cirrhosis. J Clin Exp Hepatol. 2014;
4(4):302–11. https://doi.org/10.1016/j.jceh.2014.08.007.

41. Nishikawa H, Yoh K, Enomoto H, Ishii N, Iwata Y, Nakano C, et al.
Extracellular water to Total body water ratio in viral liver diseases: a study
using bioimpedance analysis. Nutrients. 2018;10(8):1072. https://doi.org/1
0.3390/nu10081072.

42. Pettersson U, Nordström P, Alfredson H, Henriksson-Larsén K, Lorentzon R.
Effect of high impact activity on bone mass and size in adolescent females:
a comparative study between two different types of sports. Calcif Tissue Int.
2000;67(3):207–14. https://doi.org/10.1007/s002230001131.

43. Nordström P, Pettersson U, Lorentzon R. Type of physical activity, muscle
strength, and pubertal stage as determinants of bone mineral density and
bone area in adolescent boys. J Bone Miner Res. 1998;13(7):1141–8. https://
doi.org/10.1359/jbmr.1998.13.7.1141.

44. Bielemann RM, Martinez-Mesa J, Gigante DP. Physical activity during life
course and bone mass: a systematic review of methods and findings from
cohort studies with young adults. BMC Musculoskeletal Disord. 2013;14(1):
77. https://doi.org/10.1186/1471-2474-14-77.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

Kopiczko et al. European Review of Aging and Physical Activity            (2021) 18:7 Page 10 of 10

https://doi.org/10.21037/atm.2016.06.33
https://doi.org/10.5114/aoms.2019.81314
https://doi.org/10.5114/aoms.2019.81314
https://doi.org/10.4324/9781315456539
https://doi.org/10.4324/9780203771587
https://doi.org/10.1123/japa.2015-0021
https://doi.org/10.1016/j.bonr.2020.100255
https://doi.org/10.1007/s40279-019-01161-2
https://doi.org/10.1007/s001980070050
https://doi.org/10.1007/s001980070050
https://doi.org/10.1111/j.1365-2265.2008.03452.x
https://doi.org/10.1111/j.1365-2265.2008.03452.x
https://doi.org/10.1007/s11547-011-0689-2
https://doi.org/10.1007/s11547-011-0689-2
https://doi.org/10.7717/peerj.3768
https://doi.org/10.7717/peerj.3768
https://doi.org/10.1080/03610730701761924
https://doi.org/10.1152/jappl.2001.90.2.565
https://doi.org/10.1249/01.mss.0000210207.55941.fb
https://doi.org/10.1249/01.mss.0000210207.55941.fb
https://doi.org/10.1007/s001980170069
https://doi.org/10.1359/jbmr.2000.15.2.322
https://doi.org/10.1007/s001980070039
https://doi.org/10.1007/s001980070039
https://doi.org/10.1210/jc.2013-3190
https://doi.org/10.1007/s00198-007-0431-z
https://doi.org/10.1002/cphy.c180041
https://doi.org/10.1002/cphy.c180041
https://doi.org/10.1097/MCO.0b013e32830b5f23
https://doi.org/10.1097/MCO.0b013e32830b5f23
https://doi.org/10.1529/biophysj.105.070243
https://doi.org/10.1016/j.jbiomech.2005.01.012
https://doi.org/10.1016/j.jceh.2014.08.007
https://doi.org/10.3390/nu10081072
https://doi.org/10.3390/nu10081072
https://doi.org/10.1007/s002230001131
https://doi.org/10.1359/jbmr.1998.13.7.1141
https://doi.org/10.1359/jbmr.1998.13.7.1141
https://doi.org/10.1186/1471-2474-14-77

	Abstract
	Background
	Methods
	Results
	Conclusion

	Introduction
	Methodology
	Sample and procedure
	Dual-energy X-ray absorptiometry
	Bioelectrical impedance methods
	Statistical analysis

	Results
	Discussion
	Conclusions
	Abbreviations
	Authors’ contributions
	Authors’ information
	Funding
	Availability of data and materials
	Declarations
	Ethics approval and consent to participate
	Consent for publication
	Competing interests
	Author details
	References
	Publisher’s Note

