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Abstract

The relationship between muscle strength and bone mineral content (BMC) and bone min-

eral density (BMD) is supposed from the assumption of the mechanical stress influence on

bone tissue metabolism. However, the direct relationship is not well established in younger

men, since the enhancement of force able to produce effective changes in bone health, still

needs to be further studied. This study aimed to analyze the influence of muscle strength on

BMC and BMD in undergraduate students. Thirty six men (24.9 ± 8.6 y/o) were evaluated

for regional and whole-body composition by dual energy X-ray absorptiometry (DXA). One

repetition maximum tests (1RM) were assessed on flat bench-press (BP), lat-pull down

(LPD), leg-curl (LC), knee extension (KE), and leg-press 45˚ (LP45) exercises. Linear

regression modelled the relationships of BMD and BMC to the regional body composition

and 1RM values. Measurements of dispersion and error (R2
adj and standard error of esti-

mate (SEE)) were tested, setting ρ at�0.05. The BMDmean value for whole-body was

1.12±0.09 g/cm2 and BMC attained 2477.9 ± 379.2 g. The regional lean mass (LM) in

upper-limbs (UL) (= 6.80±1.21 kg) was related to BMC and BMD for UL (R2
adj = 0.74,

p<0.01, SEE = 31.0 g and R2
adj = 0.63, SEE = 0.08 g/cm2), and LM in lower-limbs (LL)

(= 19.13±2.50 kg) related to BMC and BMD for LL (R2
adj = 0.68, p<0,01, SEE = 99.3 g and

R2
adj = 0.50, SEE = 0.20 g/cm2). The 1RM in BP was related to BMD (R2

adj = 0.51, SEE =

0.09 g/cm2), which was the strongest relationship among values of 1RM for men; but, 1RM

on LPD was related to BMC (R2
adj = 0.47, p<0.01, SEE = 44.6 g), and LC was related to

both BMC (R2
adj = 0.36, p<0.01, SEE = 142.0 g) and BMD (R2

adj = 0.29, p<0.01, SEE = 0.23

g/cm2). Hence, 1RM for multi-joint exercises is relevant to BMC and BMD in young men,

strengthening the relationship between force and LM, and suggesting both to parametrizes

bone mineral health.
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Introduction

The mineral content of bone tissue (BMC) is a component of the body composition, providing

the fat-free mass (FFM) when associated with the lean mass (LM) (musculature and viscera)

[1, 2, 3, 4]. Bone mineral density (BMD) reflects the integrity of the bone tissue, indicating its

capacity of structural remodeling and, therefore, is an index of the risk for pathologies and

lesions associated with the tissue [1, 5]. Actually, the loss of bone mineral content hasn’t only

been associated to the aging process or hormonal dysfunctions, but also to the decline of fat

mass (FM) and FFM from dietary programs for weight loss and to a sedentary lifestyle [1, 6,

7].

It has been observed that the reduction in BMD is positively associated with age, evidencing

0.6%, 1.1% and 2.1% of loss over the range between 60–69, 70–79 and� 80 years old, respec-

tively [5]. These rates of reductions often culminate with osteoporosis, but tend to be mini-

mized by regular physical activities and the maintenance of body fat and fat-free content in

healthy patterns [3, 6, 7]. Having analyzed the association between aging and the reduction of

physical activities, BMC and FFM, Proctor et al. [7] reported that from 20 to 80 years of age

there is a tendency of physical activity reduction, ranging between 34–38% both for women

and men, in association to the reductions of FFM (18–17%) and FM (16–30%). These authors

also observed elevated and significant correlations between FFM and FM for men (r = 0.77)

and women (r = 0.74). The study by Lee et al. [1] contributed to supporting this association,

concluding that FFM is a significant and independent determinant to the whole-body and

regional bone mineral mass, reporting low but significant coefficients of variance (R2
< 0.5,

p< 0,01) to the association between appendicular mass (Kg) and the total pelvic and forearm

BMD. These associations among body composition and mineral bone mass were also observed

in the study of Makovey et al. [3] with both genders, from different age ranges. According to

these authors, not only FFM but also body FM positively influence BMC with explanatory

potential of 52% between the FFM and BMC and of 20% between the body FM and BMC. The

explanations to these associations are the neuromuscular system’s integrity as a mechanical

factor, which acts as a regulator of osteogenic activity, and the fat’s influence over estrogen

secretion as a humoral factor on the regulation of the osteoblast activities [1, 3].

Generally, physical activity including resistance or endurance exercises tends to promote

alterations in BMD and BMC by mechanical stress on bones, and weight training tends to be

the physical activity with the highest potential to stimulate changes or maintenance of BMD

and BMC with aging [6]. The role of aerobic exercises, when performed at moderate intensity

(such as walking), is to induce changes of BMD by the increase in gravitational loading on the

skeleton [8, 9, 10]. However the results on the effectiveness of aerobic exercises speculate that

higher intensity exercise practice would increase the benefits related with prevention/treat-

ment of the disturbances associated with BMD reduction, even though there are no conclusive

studies about the exercise rate that is more suitable to attain this goal. Walking exercises with

long-term training protocols (> 20 weeks), either combined or not with other activities (such

as steps or rowing) tend to increase BMD of the femoral and lumbar region (~ 2 to 5%), or at

least avoid reductions when compared to the non-exercising counterparts (control groups),

showing reductions of over 7% [8, 9, 10, 11].

On the other hand, strength training has protocols with recognized influence on the

improvements of BMD, which includes heavy loads, 2–3 sets for each exercise, designed with a

frequency of 3 times per week for 4–6 months [12, 13, 14]. Long-term training protocols (>12

months), with load intensity between 50–80% of one repetition maximum (1RM) for upper-

(UL) and lower-limbs (LL) increases BMD up to 3.8%, or significantly prevent reductions

(~2.5%), when compared to non-exercising individuals in the control group [12, 13, 14, 15].
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Collectively, these studies suggested design protocols with loads of 12 to 15 repetitions to maxi-

mum or 70–80% of 1RM.

The relationship between muscle strength and BMD (and BMC) is supposed from the

assumption of the mechanical stress influence on bone tissue metabolism. However, healthy

bone mineral is a priori assumed to have no disturbance among young people, and changes in

muscle strength are not able to discriminate more or less healthier mineralized bone. Nonethe-

less, the relationship between muscle strength and FFM (whole-body or regional) is well-

stated, which leads us to presume a possible tendency of the changes of muscle strength to be

positively related with changes of BMD (or BMC), based on the assumption that the relation-

ship of FFM to BMC or BMD is well established. Thus, this study aimed to analyze the influ-

ence of muscle strength on bone mineral health (BMD and BMC) among young adult males,

searching for relationships that could establish causal effect either on regional or whole-body

BMD or BMC, and be able to parameterize the healthy state or the risk of disturbance.

Material andmethods

Subjects

The participants (n = 36) presented the following characteristics: 24.9 ± 8.6 years old,

175.2 ± 5.1 cm height and 71.2 ± 12.6 kg body weight. All participants were men and received

verbal orientation on the procedures and signed a self-informed consent which authorized

participation in this research, according to the principles expressed in the Declaration of Hel-

sinki. When the participant was under 18 years old, the consent form was also signed to his/

her parents. This research was approved to the Ethics Committee of São Paulo State University

(UNESP) (CAEE: 70076317.1.0000.5398).

Study design

Initially, the individuals were submitted to regional and whole-body composition by dual

energy X-ray absorptiometry (DXA). After this the 1RM test was applied. The 1RM repre-

sented muscle strength in five exercises (two for UL and three for LL) tested and re-tested 24h

apart. The procedures did not exceed 45 min duration per day, and all experimental trials were

concluded after a week for each participant. The individuals were instructed to avoid training

with heavy loads as well as alcoholic drinks and coffee (caffeine) for 24 h prior to the tests. The

protocol was registered on Open Access Repository of Science Methods platform under DOI:

https://dx.doi.org/10.17504/protocols.io.kxacxie.

Body composition

DXA (modelo Hologic1, QDR Descoberta Wi1) was used to obtain the regional and whole-

body composition, as suggested byWang et al. [16] and Kohrt [17]. The software (Hologic

APEX1) yields absolute (in grams) values of FM, FFM (which includes measures of BMC, in

grams), BMD (in grams/cm2), LM (which does not include BMC), and total mass for whole-

body and regional references (head, trunk, left arm, right arm, left leg and right leg) [4]. The

UL and LL composition were further considered, which were obtained from a simple algebraic

sum of corresponding regional reference. The equipment was calibrated according to the man-

ufacturer’s recommendations and all analyses were performed by an experienced technician.

According to Nana et al.[18], the participants should wear light clothing, no shoes or have any

metallic objects attached to the body and clothes. The participants were positioned in the

supine position on a flat table until the end of the checking. Their feet remained close together
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and their arms were placed parallel to the trunk. Lines were adjusted and aligned by the same

technician through specific anatomic points determined by the software.

Strength measure

The 1RM tests were performed on: (a) flat bench-press (BP), (b) lat pull-down (LPD), (c)

knee-extension (KE), (d) leg-curl (LC), and (e) leg press 45˚ (LP45). All tests were performed

after a 15 min warm-up (static stretching, and aerobic exercise on a bike or running with low

workload/velocity intensity). The 1RM test protocol followed the recommendations of May-

hew et al. [19] and Baechle and Earle [20], being (1) a specific warm-up preceded the test, and

included repetitions performed with light intensity loads avoiding concentric failure; (2) initial

attempt for one maximum repetition was performed with load related rating scores for UL

and LL strength, according to age, gender and body-weight; (3) the participants performed at

least three attempts with 3 min resting between each, increasing or decreasing the initial lifted

load from 1.1 to 4.5 kg, according to the level of difficulty of the first attempt. The highest

weight (in kg) successfully lifted was the reference value of 1RM. The 1RM load was submitted

to a confirmatory test, consisting of two additional attempts performed 24 h apart. For the

confirmatory test, the load at 1RM was fractioned into percentages of 90, 95, 100, 105 and

110%, which were randomly chosen and lifted with a 3 min rest between them. It was manda-

tory to try one lift with a load above 1RM if the first load chosen was 100% 1RM or less. The

participants were instructed to perform the movements with the adequate technique, following

standardized recommendations for the movement [20].

Statistics

Data were presented by Mean ± SD and its corresponding range (minimum and maximum).

Normality was verified by the Kolmogorov-Smirnov’s test. The linear correlation coefficient

(Pearson’s “r”) was applied to the analysis of the relationships from values of BMD and BMC

(as dependent factors) to the regional and whole-body composition and 1RM for BP, LPD,

KE, LC and LP45 (as independent factors). The dispersion and variability for the deterministic

relationship between dependent and independent variables were measured by the coefficient

of variance adjusted to the sample (R2
Adj), and the standard error of estimate (SEE). The step-

wise method was applied to regression analysis, and the significance level was set at p�0.05.

All procedures were performed by SPSS 15 (Statistical Package for Social Sciences, Inc., USA).

The sample power for the correlations between dependent and independent variables was

determined considering the sample size (Men = 36). The entry parameters were: (a) the Pear-

son “r” coefficient; (b) Zα = 1.96 to a security index of α = 0.05; and (c) Z1-β = 1.282 for an

expected sample power of 80% (β = 0.20), according to Diaz and Fernandez [21].

Z
1�b ¼

ffiffiffiffiffiffiffiffiffiffiffi

n� 3

p 1

2
ln

1þ r

1� r

� �

� Z
1�a

2

In addition to the sample power, magnitude-based inference analysis was applied to test the

chances of the true magnitude of an effect to be substantially positive and negative, and negligi-

ble or trivial (with odds ratio of 66 to ensure that>25% chance of benefit and<0.5% chance of

harmmeans a decisively useful effect). The chances were given qualitatively from threshold val-

ues, according to the scale:<1% = most unlikely; 1%–5% = very unlikely; 5%–25% = unlikely;

25%–75% = possibly; 75%–95% = likely; 95%–99.5% = very likely; and>100% = most likely.

This procedure ensures that the study with the sampling distribution of z [= 0.5 × ln × ((1+r)/

(1-r))] would be reproduced normally with variance [= 1/(n-3)] [22].
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Results

The regional and whole-body values for BMC and BMD are presented in Table 1. The “T-

score” (= -0.90) classified BMD as normal, considering the standard reference for young adults

as “T-score” = -1.00 for both genders. The percentage of whole-body FM was 18.0±6.2%,

classifying obesity as normal. Table 2 shows values of Pearson’s coefficient to the correlation

observed for LM to BMC and BMD either for regional or whole-body compositions. Thus, the

values of LM for whole-body (55.41±7.64 kg), UL (6.80±1.21 kg), trunk (25.88±4.14 kg) and

Table 1. Average±SD values to whole-body and regional BMC and BMD of subjects (N = 36).

Mean ± SD Minimum–Maximum

BMC (g) Trunk 659.7 ± 131.5 443.1–1048.2 g

Upper-limbs 348.8 ± 60.4 238.1–516.3 g

Lower-limbs 949.8 ± 175.1 645.8–1320.4 g

S. Thorax 120.2 ± 24.7 78.4–210.5 g

S. Lumbar 66.4 ± 15.1 41.8–102.7 g

Pelvis 268.5 ± 66.9 177.2–427.6 g

Whole-body 2477.9 ± 379.2 1754.4–3380.4 g

BMD (g/cm2) Trunk 4.51 ± 0.51 3.75–5.78 g/cm2

Upper-limbs 1.57 ± 0.14 1.36–1.96 g/cm2

Lower-limbs 2.41 ± 0.27 2.01–3.08 g/cm2

S. Thorax 0.85 ± 0.10 0.68–1.14 g/cm2

S. Lumbar 1.11 ± 0.16 0.85–1.55 g/cm2

Pelvis 1.16 ± 0.17 0.89–1.66 g/cm2

Whole-body 1.12 ± 0.09 0.97–1.40 g/cm2

https://doi.org/10.1371/journal.pone.0191769.t001

Table 2. Pearson’s coefficients for the correlations between whole-body and regional lean mass to BMC and BMD.

Lean mass (g) (N = 36)

Whole-body Trunk Upper-limbs Lower-limbs

BMC (g) Whole-body 0.815�� 0.756�� 0.816�� 0.819��

S. Thorax 0.728�� 0.619�� 0.718�� 0.726��

S. Lumbar 0.615�� 0.551�� 0.628�� 0.642��

Pelvis 0.662�� 0.518�� 0.715�� 0.721��

Trunk 0.816�� 0.679�� 0.819�� 0.825��

Upper-limbs 0.838�� 0.781�� 0.862�� 0.744��

Lower-limbs 0.773�� 0.698�� 0.812�� 0.829��

BMD (g/cm2) Whole-body 0.629�� 0.623�� 0.652�� 0.640��

S. Thorax 0.631�� 0.510�� 0.660�� 0.672��

S. Lumbar 0.481�� 0.402� 0.563�� 0.577��

Pelvis 0.595�� 0.455�� 0.594�� 0.610��

Trunk 0.501�� 0.593�� 0.586�� 0.695��

Upper-limbs 0.756�� 0.734�� 0.797�� 0.653��

Lower-limbs 0.466�� 0.658�� 0.595�� 0.704��

Obs.: correlation with significance at
�p�0.05 e
��p�0.01.

https://doi.org/10.1371/journal.pone.0191769.t002
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LL (19.13±2.50 kg) all presented moderate to high and significant correlations to BMC and

BMD, but regional values for UL and LL coefficients were larger than those for whole-body.

The power of LM to determine changes in BMC and BMD is illustrated in Fig 1. From the

relationships observed in Fig 1 a “regional specificity” for the association between values of

LM and BMC/BMD can be noted. The LM in UL is related to BMC in UL (Fig 1, Panel A)

with R2
adj (= 0.74, p<0.01), SEE (= 31.0 g) and sample power (= 100%), which is considered

“most likely to be substantially positive”. With the same sample power (= 99.9–100%) and

qualitative scale for the chances to be a “true effect” (most likely to be substantially positive),

the BMD in LM in UL was related to BMD (Fig 1, Panel B) with R2
adj (= 0.63, p<0,01)

and SEE (= 0.08 g/cm2), as well as the association between LM in LL to BMC (Fig 1, Panel C:

R2
adj = 0.68, p<0,01 and SEE = 99.3 g) and BMD (Fig 1, Panel D: R2

adj = 0.50, p<0,01 and

SEE = 0.20 g/cm2) in LL.

The values of muscle strength from the 1RM test on BP (59.8 ± 15.6 kg), LPD (62.0 ± 16.1

kg), LC (71.7 ± 14.4 kg), LE (91.4 ± 29.9 kg), and LP45 (256.6 ± 57.0 kg) were all related to the

whole-body values of BMC and BMD, as well as related to the regional values of BMC/BMD

for UL (Table 3). From Table 3 it can also be observed that the correlation coefficients are sig-

nificant between muscle strength and BMC/BMD regional values for LL, trunk and pelvis

(with the exception of muscle strength in the leg extension exercise).

The level of muscle strength association to the changes of BMC and BMD is shown in Fig 2.

From Fig 2 (Panel A and B) the specificity trends of regional relationship can also be noted.

The maximum force (1RM) on LPD (i.e. the ability of UL to apply force in pulling actions)

Fig 1. Regression analysis between lean mass in upper-limbs (Panels A and B) and lower-limbs (Panels C and D) with BMC and BMD. BMC and
BMD refers to bone mineral content and density, respectively. N = 36.

https://doi.org/10.1371/journal.pone.0191769.g001
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was related to BMC (Panel A) with R2
adj (= 0.45, p<0.01), SEE (= 44.6 g) and sample power

(= 99.6%), which is considered “most likely to be substantially positive”. The BMC changes

are also related to BP (i.e. the ability of UL to apply force in pushing actions) (Panel B) with

R2
adj (= 0.51, p<0.01), SEE (= 0.09 g/cm2) and sample power (= 99.9%), which was considered

a “true effect” (most likely to be substantially positive). The same quality of effect was observed

for the relationships between LC (i.e. the ability of the thigh to apply force in pulling actions)

and BMC (Panel C) with R2
adj (= 0.34, p<0.01), SEE (= 142.0 g) and sample power (= 95.8%);

and between LC and BMD (Panel D) with R2
adj (= 0.29, p<0.01), SEE (= 0.23 g/cm2) and sam-

ple power (= 89.7%).

Discussion

The major determinants of the loss of bone mineral mass are aging and a decline in physical

activity [5, 6]. However, an elderly and sedentary lifestyle also compromise lean body mass,

which represents the skeletal muscle [23]. However, the results from the present study demon-

strated that variations in BMC and BMD among young men are associated with both UL and

LL muscle strength and regional and whole-body LM. These results are consistent with the

fact that LM and BMD/BMC are strongly related variables, regardless of gender and age, espe-

cially among persons younger than 50 years [3]. Moreover, the results showed that muscle

strength also correlates to BMC/BMD with magnitude similar (or only slightly lower) to the

association that the LM parameter of regional and whole-body composition demonstrated to

have had to BMC/BMD. This tendency of association between strength capacity and BMC/

BMD has been little evidenced, although muscle strength is consistently reported as indicative

of muscle mass and functional quality among people of any gender and age [5]. This means

that any exercise condition (but specifically resistance exercise) which is able to combine

improvements of muscle strength and muscle mass as the result of practice routine, is also

expected to ensure ideal conditions to stimulate the osteogenic process, either by promoting

Table 3. Pearson’s coefficient for the correlation betweenmuscle strength and whole-body and regional values of BMC/BMD.

Strength (kg) from 1RM test (N = 36)

Bench Press Lat Pull Down Leg Curl Leg Extension Leg Press 45˚

BMC (g) Whole-body 0.469�� 0.519�� 0.580�� 0.363� 0.463��

S. Thorax ns ns ns ns 0.346�

S. Lumbar ns ns ns ns ns

Pelvis 0.355� ns 0.471�� ns 0.462��

Trunk 0.465�� 0.397� 0.458�� ns 0.487��

Upper-limbs 0.565�� 0.686�� 0.536�� 0.493�� 0.432��

Lower-limbs 0.370� 0.459�� 0.600�� ns 0.423�

BMD (g/cm2) Whole-body 0.492�� 0.470�� 0.564�� ns 0.458��

S. Thorax ns ns ns ns ns

S. Lumbar ns ns ns ns ns

Pelvis 0.404� ns 0.418� ns 0.401�

Trunk 0.451�� 0.365� 0.447�� ns 0.423�

Upper-limbs 0.723�� 0.722�� 0.527�� 0.430�� 0.600��

Lower-limbs 0.465�� 0.457�� 0.556�� ns 0.461��

The term “ns” is “not significant” for correlation with p>0.05. Obs.: correlation with significance at
�p�0.05 and
��p�0.01.

https://doi.org/10.1371/journal.pone.0191769.t003
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appropriate mechanical stress during the practice or by reducing propensity to accumulate fat

while engaged in the exercise program planned with this kind of practice [1, 5, 6, 23, 24].

In turn, lean body mass has presented relationships to BMC/BMD, especially among elderly

men [3, 6]. In part, this relationship can be explained by the fact that BMC/BMD declines

more sharply with the aging process in women than men, which is also associated to reduc-

tions in LM and level of physical activity. In the study by Proctor et al. [6], this reduction was

quantified. For these authors, BMC/BMD declines by 30% between 20 and 80 years of age in

women, but only 16% in this same age range among men, whereas the reduction of LM is 18%

and 17% and physical activity is 34% and 38%, respectively, among women and men in the

same age range. That is, men tend to maintain a more stable ratio between LM and mineral

mass in the composition of FFM when compared to women [24]. However, men’s decrements

of mobility and vitality with aging are more susceptible to the reductions in BMC/BMD and

LM, constraining the maintenance of physical activity levels. This evidence is aligned to the

findings of Horber et al. [24] who observed a sex-specificity of how body composition and

muscle metabolism change with age. These authors noted that the loss of LM among men is

associated with the accumulation of fat in the trunk and UL, as well as promoting a reduction

of fat oxidation in muscle. This trend supported the understanding of the influence of reducing

LM on physical fitness levels among men, but also suggests the importance of regional analysis

Fig 2. Regression analysis between strength (1RM) on resistance exercises for upper- (Panels A and B) and lower-limbs (Panels C and D) with BMC
and BMD. BMC and BMD refers to bone mineral content and density, respectively. N = 36.

https://doi.org/10.1371/journal.pone.0191769.g002
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of morphological and functional characteristics, since they may be also associated to the sex-

related preferences for exercises engaging specific body regions [25].

However, regional LM is still poorly explored as an independent factor influencing BMC/

BMD [15, 23, 25], perhaps because the experimental designs involved specific measures of

BMD/BMC (hip, vertebrae and pelvis), as well as the studies often engaging elderly participants

with a diagnosis of bone mineral integrity disorders (Osteopenia and Osteoporosis) [6, 23, 25].

Thus, the present study supports the positive association between regional LM and regional

and whole-body BMC/BMD, adding the occurrence of a local trend that makes the association

more specific among variables of the same body region. Thus, if some studies are emphatic in

assuming a dubious posture about which body composition parameter (LM, FM or both)

influences the integrity of bone mineral mass, among men and women with aging [3], the

results from the present study reinforce that the regional LM of the legs and arms (right and

left) tends to emphasize the role of regional composition as an independent factor influencing

bone mineral integrity, which is potentially greater than that reported for whole-body FM.

In the present study, the assessment of muscle maximum force in resistive exercises also

presented potential to indicate variations in regional and whole-body BMC/BMD in young

men. This observation is aligned to the information indicating that muscle strength is able to

parameterize BMC/BMD alterations such as regional LM (legs or arms) or whole-body mass

[26]. On the other hand, there are studies not in agreement with this perspective, indicating

that the increase of muscular strength is not related to the increase of muscle mass, nor is mus-

cle strength a potential parameter of the variations in BMC/BMD [27]. Thus, the results of the

present study contributed to the information that muscular strength is likely to be an index of

bone mineral integrity, either to the direct influence on BMC/BMD or indirectly by influenc-

ing LM and its functional capacity.

Additionally, muscle strength in BP, knee flexion and extension are considered exercises

that engage a large amount of muscular mass to be utilized [28], and therefore have both

regional and whole-body influence on BMC/BMD. Despite the modest predictive potential,

which is no higher than that presented to the regional and whole-body LM, these results are

partially in accordance with data observed by Hughes et al. [29] about the lack of association

between BMD and muscle strength in single-joint exercises, suggesting whole-body LM as the

single strongest estimator. However, the present results are in agreement with the observations

of Lee et al. [1] recommending the development of muscle strength to reduce the risks of oste-

oporosis, since it is related to whole-body lean and bone mass of the hip (region with the high-

est occurrence of osteopenia). However, our results indicated that regional BMC/BMD in the

pelvis (which includes the pelvic bones and femoral head) and trunk (which includes the tho-

racic and lumbar vertebrae) [30] also showed significant associations to muscle strength in sin-

gle-joint exercises (knee flexion and extension) and multi-joint exercises (BP and LP45).

Although these correlations were not higher than those presented between regional and

whole-body lean body mass with pelvis BMC, such results extend the findings of Lee et al., [1]

suggesting muscle strength either in global or local exercises as an appropriated index to moni-

tor the risk of osteoporosis in the pelvic and trunk bone sites.

However, our analysis did not approach specific sites (hip and lower spine) when assessing

densitometry and establishing relationships to muscle strength and regional and whole-body

composition. Neither was considered the regional and whole-body FM influence on BMD

[31, 32]. These are limitations of the present study, since the analysis of specific sites would

make the potential of the results more elucidative for practical diagnosis, whereas a possible

correlation between BMC/BMD and FM (regional or whole-body) could reduce the determin-

istic potential of LMmass, which was observed in the present study among young men.
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Despite bone turnover markers (BTMs) not being within the scope of the present study, it

is important to consider them due their role as a reliable measurement of resorption/formation

balance of the bone mineral mass. The BTMs include serum osteocalcin and alkaline phospha-

tase, dictating the increase in mineral mass of the bone, and pyridinoline, urine/serum C-ter-

minal telopeptide (CTX), and urine N-terminal telopeptide (NTX), which otherwise promote

bone mass loss [33, 34]. Such serum and urine BTMs are clinically relevant to the diagnosis of

osteopenia and osteoporosis, since BTMs relate to parameters having detrimental effects on

bone metabolism. Therefore, long-term changes in the BMD able to reduce values below that

proposed for osteoporosis (0.708 g/cm3), are associated to the increased urine NTX levels

(- 0.68, p = = 0.002) and alkaline phosphatase (- 0.49, p = 0.04), both signalizing accelerated

bone resorption and formation [35]. However, Lenora et al. [33] observed no substantial dif-

ference between the ability of the several BTMs to predict BMD changes in the arms, legs, total

body, total hip or femoral neck region and lumbar spine, although the authors considered all

associations weak. Despite such inconsistency in the association of BMT markers to BMD,

there are reports postulating that age-dependent attenuation of GH and IGF-I are associated

with femoral bone loss and hormone steroids, such as androgen and estrogen, interacting with

GH and IGF-1, optimizing bone mass growth and maintenance [36]. Furthermore, the circu-

lating level of IGF-1 is considered an independent predictor of total BMC in healthy elderly

women, and a determinant of hip BMD in young men (age under 60 years) [36].

Other aspects affecting muscle and bone development are exercise and nutrition. For exam-

ple, bone formation is lower in the obese subjects suggesting that the serum BTM rate is sup-

pressed in this population, probably because Leptin releases from adipocytes correlates

inversely with all BTMs [37]. However, hyperglycemia induces a low turnover of bone with

osteoblast dysfunction and suppresses serum osteocalcin levels (R = 0.133 p = 0.0467), showing

that the serum osteocalcin level was negatively correlated with the percentage of body fat (%

Fat) [34]. Indeed, circulating levels of IGF-1 are associated with endurance exercise indexes,

highlighting the importance of a healthy lifestyle for bone osteogenic signalization [36]. Taking

collectively, exercise and nutrition have a pronounced effect on body composition in men and

women, but the associations between body composition and bone mineral variables (BMC

and BMD) are related to gender and age differences. From the study of Makovey et al. [3]

stronger relationships of whole-body lean mass with whole-body BMC and regional measure-

ments of BMD for all age groups (< 50 and� 50 years) in both genders was observed, which

was not only greater than the associations of hip BMD with whole-body fat mass in females

under 50 years. The aforementioned authors have concluded that fat mass and lean mass

would probably increase BMD by increasing mechanical loading on the skeleton, but in

women fat mass exerted an additional effect possibly mediated by the serum leptin level. In the

present study, our results added that the association between bone mineral measures and

regional lean mass distribution is stronger in younger age groups than whole-body composi-

tion. Also, it was revealed that muscle strength plays not merely a coadjutant role in bone min-

eral mass, whereas it is still unrevealed whether this association is supported for the higher

concentrations of BTMs in males than females [37], or by the influence of muscle and strength

on circulating levels of androgens in men [36].

Conclusion

In the present study, the results confirmed regional LM as an influential factor on bone min-

eral integrity, in magnitude similar to LM for whole-body, suggesting that the muscular

strength capacity is also determinant on regional and whole-body BMC/BMD. Thus, the devel-

opment of muscular strength is repeatedly important for the maintenance of LM in young
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people and positively affecting bone mass. It is therefore recommended that resistance exercise

takes part of the exercise planning and that the prescription matches the goal of regional LM

enhancement in UL and LL. In addition, training is recommended with the aim at reducing

fat accumulation, as well as ensuring functional independence. We recommended that future

studies should explore whether the caloric cost of different training routines (resistance exer-

cise, cardiorespiratory endurance and/or combinations) would give a more conclusive param-

eter to define the intensity of exercise that would be most effective to promote morphological

changes of lean tissue. Additionally, it is recommended that future studies explore specific

body sites with high incidence of osteoporosis.
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Pessôa Filho, D.M. Even, authors would like to thanks all participants in university social pro-

gram: Gymnasium at Sport Square (PROEX—UNESP—2013, 2014 and 2015). The funders

had no role in study design, data collection and analysis, decision to publish, or preparation of

the manuscript.

Author Contributions

Conceptualization: Bianca Rosa Guimarães, Daniel dos Santos, Cassiano Merussi Neiva, Dal-

ton Muller Pessôa Filho.
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6. Gomez-Cabello A, Ara I, González-Agüero A, Casajus JA, Vicente-Rodriguez G. Effects of training on
bone mass in older adults. Sports Med. 2012; 42(4):301–325. https://doi.org/10.2165/11597670-
000000000-00000 PMID: 22376192

7. Proctor DN, Melton LJ III, Khosla S, Crowson CS, O’Connor MK, Riggs B L. Relative influence of physi-
cal activity, muscle mass and strength on bone density. Osteoporos Int. 2000; 11(11):944–52. PMID:
11193247

8. Dalsky GP, Stocke KS, Ehsani AA, Slatopolsky E, LeeWC, Birge SJ. Weight-bearing exercise training
and lumbar bonemineral content in postmenopausal women. Ann Intern Med. 1988; 108(6):824–828.
PMID: 3259410

9. Chien MY, Wu YT, Hsu AT, Yang RS, Lai JS. Efficacy of a 24-week aerobic exercise program for osteo-
penic postmenopausal women. Calcif Tissue Int. 2000; 67(6):443–8. PMID: 11289692

10. Martin D., Notelovitz M. Effects of aerobic training on bone mineral density of postmenopausal women.
J Bone Miner Metab. 1993; 8(8):931–6.

11. Evans EM, Racette SB, Van Pelt RE, Peterson LR, Villareal DT. Effects of soy protein isolate and mod-
erate exercise on bone turnover and bone mineral density in postmenopausal women. Menopause.
2007; 14(3 Pt 1):481–8. https://doi.org/10.1097/01.gme.0000243570.78570.f7 PMID: 17213752

12. Nelson ME, Fiatarone MA, Morganti CM, Trice I, Greenberg RA, EvansWJ. Effects of high-intensity
strength training on multiple risk factors for osteoporotic fractures: a randomized controlled trial. JAMA.
1994; 272(24): 1909–14. PMID: 7990242

13. Bocalini DS, Serra AJ, dos Santos L, Murad N, Levy RF. Strength training preserves the bone mineral
density of postmenopausal women without hormone replacement therapy. J Aging Health. 2009; 21
(3):519–27. https://doi.org/10.1177/0898264309332839 PMID: 19252142

14. de Matos O, Lopes da Silva DJ, Martinez de Oliveira J, Castelo-Branco C. Effect of specific exercise
training on bone mineral density in women with postmenopausal osteopenia or osteoporosis. Gynecol
Endocrinol. 2009; 25(9):616–20. https://doi.org/10.1080/09513590903015593 PMID: 19533480

15. Menkes A, Mazel S, Redmond RA, Koffler K, Libanati CR, Gundberg CM, et al. Strength training
increases regional bone mineral density and bone remodeling in middle-aged and older men. J Appl
Physiol. 1993; 74(5):2478–84. https://doi.org/10.1152/jappl.1993.74.5.2478 PMID: 8335581

16. Wang Z, Heymsfield SB, Chen Z, Zhu S, Pierson RN. Estimation of percentage body fat by dual-energy
x-ray absorptiometry: evaluation by in vivo human elemental composition. Phys Med Biol. 2010; 55
(9):2619–35. https://doi.org/10.1088/0031-9155/55/9/013 PMID: 20393230

17. Kohrt WM. Preliminary evidence that DEXA provides an accurate assessment of body composition. J
Appl Physiol. 1998; 84(1):372–7. https://doi.org/10.1152/jappl.1998.84.1.372 PMID: 9451659

18. Nana A, Slater GJ, HopkinsWG, Burke LM. Techniques for undertaking dual-energy X-ray absorptiom-
etry whole-body scans to estimate body composition in tall and/or broad subjects. Int J Sport Nutr Exerc
Metab. 2012; 22(05):313–22.

19. Mayhew JL, Clemens JC, Busby KL, Cannon JS,Ware JS, Bowen JC. Cross-validation of equations to
predict 1 RM bench press from repetitions-to-failure. Med Sci Sports Exerc. 1995; 27(S209).

20. Baechle TR, Earle RW. Essentials of strength training and conditioning. 3rd ed. Champaign: Human
Kinetics, 2008.

21. Dı́az SP, Fernández SP. Determinación del tamañomuestral para calcular la significación del coefi-
ciente de correlación lineal. Cad Aten Primaria. 2002; 9:209–11.

Muscle strength andmineral bone health in youngmale adults

PLOSONE | https://doi.org/10.1371/journal.pone.0191769 January 25, 2018 12 / 13

https://doi.org/10.1007/s00774-009-0059-5
http://www.ncbi.nlm.nih.gov/pubmed/19333683
http://www.ncbi.nlm.nih.gov/pubmed/23074491
https://doi.org/10.1007/s00198-005-1841-4
http://www.ncbi.nlm.nih.gov/pubmed/15838718
https://doi.org/10.2165/11597140-000000000-00000
https://doi.org/10.2165/11597140-000000000-00000
http://www.ncbi.nlm.nih.gov/pubmed/22303996
https://doi.org/10.1007/s00198-015-3442-1
https://doi.org/10.1007/s00198-015-3442-1
http://www.ncbi.nlm.nih.gov/pubmed/26630978
https://doi.org/10.2165/11597670-000000000-00000
https://doi.org/10.2165/11597670-000000000-00000
http://www.ncbi.nlm.nih.gov/pubmed/22376192
http://www.ncbi.nlm.nih.gov/pubmed/11193247
http://www.ncbi.nlm.nih.gov/pubmed/3259410
http://www.ncbi.nlm.nih.gov/pubmed/11289692
https://doi.org/10.1097/01.gme.0000243570.78570.f7
http://www.ncbi.nlm.nih.gov/pubmed/17213752
http://www.ncbi.nlm.nih.gov/pubmed/7990242
https://doi.org/10.1177/0898264309332839
http://www.ncbi.nlm.nih.gov/pubmed/19252142
https://doi.org/10.1080/09513590903015593
http://www.ncbi.nlm.nih.gov/pubmed/19533480
https://doi.org/10.1152/jappl.1993.74.5.2478
http://www.ncbi.nlm.nih.gov/pubmed/8335581
https://doi.org/10.1088/0031-9155/55/9/013
http://www.ncbi.nlm.nih.gov/pubmed/20393230
https://doi.org/10.1152/jappl.1998.84.1.372
http://www.ncbi.nlm.nih.gov/pubmed/9451659
https://doi.org/10.1371/journal.pone.0191769


22. HopkinsWG,Marshall SW, BatterhamAM, Hanin J. Progressive statistics for studies in sports medicine
and exercise science. Med Sci Sports Exerc. 2009; 41(1):3–12. https://doi.org/10.1249/MSS.
0b013e31818cb278 PMID: 19092709

23. Goodpaster BH, Park SW, Harris TB, Kritchevsky SB, Nevitt M, Schwartz AV. The loss of skeletal mus-
cle strength, mass, and quality in older adults: the health, aging and body composition study. J Gerontol
A Biol Sci Med Sci 2006; 61(10):1059–64.

24. Horber FF, Gruber B, Thomi F, Jensen EX, Jaeger P. Effect of sex and age on bonemass, body compo-
sition and fuel metabolism in humans. Nutrition. 1997; 13(6):524–34. PMID: 9263233

25. Taaffe DR, Cauley JA, Danielson M, Nevitt MC, Lang TF, Bauer DC, et al. Race and sex effects on the
association betweenmuscle strength, soft tissue, and bonemineral density in healthy elders: the health,
aging, and body composition study. J Bone Miner Res. 2001; 16(7):1343–52. https://doi.org/10.1359/
jbmr.2001.16.7.1343 PMID: 11450711

26. FronteraWR, Meredith CN, O’Reilly KP, Knuttgen HG, EvansWJ. Strength conditioning in older men:
skeletal muscle hypertrophy and improved function. J App Physiol. 1988; 64(3):1038–44.

27. Vincent KR, Braith RW. Resistance training and bone turnover in elderly men and women. Med Sci
Sports Exerc. 2002; 34(1):17–23. PMID: 11782642

28. Heyward VH. Advanced fitness assessment & exercise prescription. 3rd ed. Champaign: Human
Kinetics, 1997.

29. Hughes VA, FronteraWR, Dallal GE, Lutz KJ, Fisher EC, EvansWJ. Muscle strength and body compo-
sition: associations with bone density in older subjects. Med Sci Sports Exerc. 1995; 27(7): 967–74.
PMID: 7564983

30. Johnell O, Kanis JA. An estimate of the worldwide prevalence and disability associated with osteopo-
rotic fractures. Osteoporos Int. 2006; 17(12):1726–33. https://doi.org/10.1007/s00198-006-0172-4
PMID: 16983459

31. Welsh L, Rutherford OM. Hip bone mineral density is improved by highimpact aerobic exercise in post-
menopausal women and men over 50 years. Eur J Appl Physiol Occup Physiol. 1996; 74(6):511–7.
PMID: 8971492

32. Zehnacker CH, Bemis-Dougherty A. Effect of weighted exercises on bonemineral density in post meno-
pausal women: a systematic review. J Geriatr Phys Ther. 2007; 30(2):79–88. PMID: 18171491

33. Lenora J, Ivaska KK, Obrant KJ, Gerdhem P. Prediction of bone loss using biochemical markers of
bone turnover. Osteoporos Int. 2007; 8(9):1297–305.

34. Starup-Linde J, Vestergaard P. Biochemical bone turnover markers in diabetes mellitus—A systematic
review. Bone 2016, 82:69–78. http://dx.doi.org/10.1016/j.bone.2015.02.019. PMID: 25722065

35. Eimori K, Endo N, Uchiyama S, Takahashi Y, Kawashima H,Watanabe K Disrupted Bone Metabolism
in Long-Term Bedridden Patients. PLoS ONE. 2016; 11(6): e0156991. https://doi.org/10.1371/journal.
pone.0156991 PMID: 27275738

36. Locatelli V, Bianchi VE. Effect of GH/IGF-1 on bone metabolism and osteoporosis. Int J Endocrinol
2014; 235060. https://doi.org/10.1155/2014/235060 PMID: 25147565

37. Viljakainen H, Ivaska KK, Paldanius P, Lipsanen-Nyman M, Saukkonen T, Pietiläinen KH, et al. Sup-
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