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Abstract:

Background:

Weightlifting is a practice that exerts a high degree of pressure on the skeleton when supporting large loads of weight. The practice of exercise
contributes by improving bone mineral density (BMD) and can prevent problems associated with low BMD.

Objective:

The objective of the present study was to determine BMD and measure bone turnover using blood markers in weightlifting athletes in response to
exercise.

Methods:

The study included 16 athletes and 16 controls of both sexes in the range of 18 to 22 years old. BMD was determined at the femoral neck, hip,
lumbar spine, and Total Mineral Density (TMD). The value of the total mineral density (TMDV) was obtained from the sum of the BMD of the
evaluated regions. Bone formation and resorption in blood were evaluated by Alkaline Phosphatase (ALP) and Acid Phosphatase (ACP),
respectively. In addition, the concentration of urea and Creatine Kinase (CK) were determined.

Results:

The mean BMD of the lumbar spine and TMDV was of 1.2 g/cm’ in female and male athletes. In young people who did not practice weightlifting,
BMD in the lumbar spine (0.9 g/cm’ in both groups) and TMDV (1.05 g/cm’ in women and 1.11 g/cm’ in men) were significantly lower (p <0.05).
The activity in bone formation and CK in male athletes was twice as high compared to the other groups. The blood urea concentration in athletes
(32.7- 38.0 mg/dL) was significantly higher (p <0.05) compared to the control groups (19.3-18.8 mg/dL).

Conclusion:

The practice of weightlifting benefits bone mass gain in the lumbar spine. These findings suggest that exercises in which high weight loads are
supported promote bone turnover and mineralization to prevent bone weakening.
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performance of weightlifting, a constant pulling force is

Weightlifting is one of the practices that most involves the experienced on the muscles and bone tissue. Several studies

development of physical strength and power [1, 2]. During the
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with weightlifting athletes have studied strength development,
muscle mass gain, or the influence of diet in sports
performance [3 - 5]. Exercising with weights benefits
cardiovascular health, joint function, mental health, and body
composition. Probably one of the most important benefits of
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strength exercises is the promotion of ontogenesis [6].

On the other hand, osteoporosis is an age-related disease
characterized by low mineralization of the bones. With aging,
some processes such as the decrease in the activity of the
osteoblasts mandated for bone mineralization and the increase
in the osteoclasts responsible for bone degradation cause an
unfavorable imbalance for bone mineralization [7]. Physical
activity is essential for the correct development of the bone
since the architecture and bone mass depend on the degree of
pressure of the biomechanical load of the exercise [8]. Not
practicing impact exercises on the bones can affect bone
density and structure. Consequently, there is a weakening of
the bones due to the increase in microfractures, which can lead
to the development of osteoporosis [9].

The influence of exercise on bone mineral density has been
addressed in several studies. Marques et al. [10] evaluated the
effects of weight-bearing exercise on BMD in older women,
suggesting that training with moderate impact on the bones
reduces the risk of fractures. Shah et al. [11] reported that a
diet focused on weight loss accompanied by physical training
prevents increased bone turnover and attenuates the loss of
bone density in obese older adults. While Bolam et al. [12],
conducted a systematic review of nine trials conducted in
middle-aged and older men to determine the effect of weight-
bearing and resistance exercises on BMD. The reviewers found
that weight-bearing activities and resistance training can be
considered as a preventive strategy for osteoporosis.

Exposure to exercises with mechanical stress on the bones
can have osteogenic effects. One of the hypotheses put forward
by the authors is that the impact on the bones produces
microfractures, activating the bone surface by the retraction of
the limiting cells (osteoblasts) [13]. Subsequently, the exposed
membrane is digested by the action of collagenases. As the
mineralized surface is exposed, the attraction of circulating
osteoclasts is produced to give way to mineralization until the
cavity is completely filled with an osteoid substance. The entire
process involving bone mineralization ends in approximately
130 days [13].

Although osteoporosis is more common in older adults, it
can occur at an early age if risk factors related to lifestyle are
not considered. The young population is uninformed and
unprotected in terms of its prevention. The main factors that
contribute to the development of bone mass are the level of its
maximum gain until adolescence and the rate of loss due to
aging. Reaching peak bone mass with the help of exercise can
provide protection as resorption occurs with age [14]. Weight
bearing impact activities should be considered as a strategy to
prevent osteoporosis [12]. Exercises that involve strength
development have been reported to increase bone mass [15].
Weightlifting is a sport that provides a high degree of pressure
on the skeleton and can help to achieve peak bone density
values.

Dual-energy X-ray absorptiometry (DXA) is a technique
used to determine bone mineral density. The diagnosis of
osteoporosis is made by this method. In sports clinical practice
this technique has been used to evaluate bone mineralization in
athletes who practice low and high-impact sports [16]. The

The Open Sports Sciences Journal, 2021, Volume 14 125

ability of this method to detect even minimal changes in
skeletal muscle mass in populations of patients with cirrhosis
and sarcopenia has been reported [17 - 19]. In the present
study, this technique was used to assess BMD and muscle mass
in weightlifting athletes. The studies were accompanied by the
analysis of biomarkers in the blood associated with bone
turnover and muscle metabolism. The aim of the study was to
determine BMD and measure bone turnover in weightlifting
athletes in response to weight-bearing impact exercise.

2. MATERIALS AND METHODS

2.1. Subjects

The study included 16 athletes (eight women and eight
men) between 18 and 22 years old, recruited from the
representative weightlifting team from the University of
Sonora, Mexico. The control group consisted of eight men and
eight women of the same age range. All were college students
who did not practice weightlifting as physical activity. Three of
the athletes (two women and one man) did not complete the
study because they did not meet the study protocol or the
inclusion criteria mentioned below. The athletes had a
minimum of one year of training. Participants were matched
for age and sex and divided into four groups: female athletes
(FA), non-female athletes (NFA), male athletes (MA), and
non-male athletes (NMA). All were in good health and
reported not being under medical treatment, in addition to
having your voluntarily signed informed consent. To carry out
the study, the ethical considerations of the Helsinki Declaration
of the World Medical Association were taken into account and
the approval of the Ethics Committee of the University of
Sonora.

2.2. Anthropometric Characterization and Feeding

Prior to the BMD evaluation, the participants were
characterized by weight and height with an electronic scale
equipped with a Tanita brand stadiometer (TBF-410GS,
Arlington Heights, USA). The body mass index (BMI) was
calculated as the ratio of weight/height’ (kg/m’). Participants
completed a questionnaire related to their eating behavior and
history of physical activity. The evaluation of feeding
behaviors was performed using the Eating Attitudes Test
(EAT-26) [20]. The daily food intake was calculated using the
Diet History Questionnaire (DHQ II) of the National Cancer
Institute (NCI), from which the intake of calories (Kcal) and
calcium (mg) were obtained with the help of the software Diet
* Calc for PC. For its application, some modifications were
made to the list to ensure the inclusion of the main contributors
of food for Hispanics. For the exclusion criteria, participants
with an EAT score greater than 20 were discarded, as well as
subjects with chronic diseases such as diabetes (type 1, 2 or
gestational), hypo or hyperthyroidism, or kidney failure, and
recurrent users of alcohol (more than 35 gr per week), tobacco,
or anabolic steroids.

2.3. Training Evaluation

Prior to the BMD evaluation, all participants answered a
training history questionnaire. The athletes had a previous year
of preparation for their annual college competition. The
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training programme was assigned by the coach with routines of
two hours a day, five days a week (Table 1). Each athlete
worked with weight loads according to his or her physical
abilities. The subjects of the control group were young people
from the university’s population who did not practice
weightlifting nor had any assigned training. The subjects
reported not being sedentary, as they carried out daily activities
such as walking or cycling to school, working in restaurants,
cleaning the home, or travelling in public transport. No subject
in the control group practiced demanding exercises such as
cycling, tennis, running, vigorous walking, or performing
heavy work such as mowing or carrying loads.

2.4. Total Daily Energy Requirements

To determine if the calorie consumption of the subjects
was in accordance with their daily energy needs, the total
energy expenditure (TEE) was calculated. According to the
method proposed by FAO/WHO/UNU [21], to calculate the
Kcal/day of resting energy expenditure (REE) in 18-30-year-
olds, the following equations were used: 12.2 * weight + 496 in
women; 15.3 * weight + 679 in men. Subsequently, the REE is
multiplied by the corresponding physical activity factor: mild
(REE * 1.5 in women and REE * 1.6 in men); moderate (REE
* 1.6 in women and REE * 1.7 in men); intense (REE * 1.9 in
women and REE * 2.1 in men) [22].

2.5. Protocol

Analyses were performed two weeks before the end of the
training season for the annual university competition. The
volunteers arrived at the evaluation facility between 8 and 11 in
the morning for blood collection and BMD evaluation. Control
group subjects were also evaluated in this period. Blood
sampling was performed by venipuncture from the ante-ulnar
region of the fasting arm. The blood was collected in plastic
BD Vacutainer® serum tubes and transported to the laboratory
while maintaining a temperature of 4 °C. Subsequently, the
serum was separated by centrifugation at 3,000 rpm for 15 min
and stored at -80 °C for biochemical analysis.

2.6. Evaluation of Bone Mineral Density

BMD, percent body fat (% BF), and percent fat-free mass
(% FFM) were obtained from densitometry analysis on a QDR
Hologic Discovery A device (Hologic, Inc. Bedford, MA,
USA). The measurement was carried out wearing minimum
clothing with a shirt and shorts. To obtain the measurement of
the lumbar spine, the subjects were placed in a supine position
with their knees bent at a 90° angle. To measure the hip, the
subjects were placed supine with the left hip abducted inward-
turned at a 45° angle. The full-body scan started with the upper
right part of the body, followed by the central part and, finally,
the left part. The BMD of the femoral neck, lumbar spine, and
hip and total mineral density (TMD) were determined.
Likewise, images of various anatomical points were selected to
obtain the content of fat mass and fat-free mass. For the
interpretation of the results in Z values, an adjustment for age,
sex, weight, height, and ethnicity was performed.
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2.7. Biochemical Analysis

A Microlab 300 clinical chemistry analyser (RANDOX,
USA) was used for the quantification of ALP, ACP, urea, and
CK. All trials were performed using RANDOX Reagents
(USA) test kits following the supplier's directions. The
pipetting scheme was established at 25 °C for the enzymatic
reactions according to the indications of the kit. Each test was
performed in triplicate with a coefficient of variation < 2%.
The enzymatic concentrations were expressed in units per litre
(U/L), while the urea concentration was expressed in mg/dL.

2.8. Statistical Analysis

Values were reported as medians + standard deviations.
The Anderson-Darling test was applied to determine the
normality of the data. Since these did not have a normal
distribution, non-parametric tests were applied. For the group
comparison of the descriptive data, the Kruskal-Wallis test was
applied. Subsequently, a pairwise comparison was performed
using the Mann-Whitney test with Bonferroni significance
adjustment. A gradual regression was performed to determine
if weight, BMI, %FFM, %BF, daily energy consumption, daily
calcium intake were associated with the BMD of each
anatomical region evaluated. All covariates were found to be
associated with BMD in any anatomical region. However,
although the regression model does not depend on the
normality of the data, no conclusions can be drawn about the
coefficients because all the variables were highly correlated.
The value of the total mineral density (TBMD) was included in
the analysis, which was calculated by adding the four
anatomical regions analyzed. All analyzes were performed at a
95% confidence level (p <0.05). For the statistical analysis, the
statistical software SAS 6.08 from PCS was used.

3. RESULTS AND DISCUSSION

The anthropometric characteristics and nutrient intake of
each group are shown in Table 2. The average age was similar
among the participants, with a range of 18 to 22 years. Weight
and height were significantly higher in men than in women,
with no significant differences between groups of the same sex.
The BMI was 19 to 25 (normal weight), without significant
differences between groups. The %BF in the group of MA was
significantly lower compared to the other study groups, with
values ranging from 8% to 19%, which is considered healthy.
No significant differences were observed between the rest of
the evaluated groups. The %FFM was similar between groups
of the same gender, however, the males showed a significantly
higher (p < 0.05) percentage regarding both groups of women.
Calorie consumption was higher in men than in women,
without significant differences between groups of the same
gender. The calculation of the daily energy requirements
indicated that in the MA group the caloric needs were higher
compared to the NMA group and this, in turn, was higher than
both groups of women, in which the energy needs were similar.
According to the estimation of calcium consumption in the
diet, this was similar in all the evaluated groups.

According to the International Osteoporosis Foundation
(IOF), young people who have a BMI of less than 20 kg/m’ are
at greater risk of suffering a fracture. In the present study, no
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participant presented low BMD (Z-score values below -2.0 to
-2.9 SE) even though two women in the control group showed
a BMI lower than recommended. This is relevant, given that
low body weight is associated with low bone mass [23] and an
increased risk of fractures [24]. Usually, there is a relationship
between %BF and BMI. If there is a high BMI, it is because
there is a large amount of body fat, except in the case of
athletes, where the proportion of muscle mass is usually higher
than in non-athletes. In this study, the %FFM was similar
between athletes and non-athletes but different between
genders. However, the %BF was significantly lower (p < 0.05)
in male athletes, indicating a higher proportion of lean mass
(bones, vital organs, and muscles mainly) in the subjects of this
group. Although there were no significant differences in BMI
between groups, it is important to consider body composition,
since in young athletes, it has been suggested that muscle mass
gain is positively associated with bone mass gain and vice
versa [25]. Therefore, it is highly recommended to increase
muscle mass through exercise to promote bone density gain
during youth.

Regarding the level of activity, according to the physical
activity questionnaire, non-athlete women and men had a mild
level of activity. Their daily activities were walking, working
in a restaurant, cleaning the house, taking care of children,
traveling by bus or car. None of them claimed to practice some
sport. While the activity level of the athletes was intense with
two hours of daily exercise. In the case of the FA and MA
groups, their calorie intake was below their energy needs. In
the NFA and NMA groups, energy consumption and the energy
expenditure calculated for your level of physical activity were
similar. However, it was detected that some men in the control
group (n = 4) showed a higher consumption than recommended
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for their level of physical activity and a BMI greater than 25
(overweight). Two women in the NFA group consumed fewer
calories than those calculated for their daily energy needs.
Among the main risk factors that influence a low BMD are a
sex and poor diet. Also, if the intake of calcium and vitamin D
is deficient, together with low body weight, the risk of
suffering bone fractures is greater even at an early age [26].

Regarding the calcium intake, the range of daily
consumption was between 920-1250 mg without significant
differences between groups (p < 0.05). It is stated that in young
people over 18 years of age, intake should be greater than
1,000 mg per day [27]. Calcium is one of the essential nutrients
for the development of bone mass. In young women, it has
been reported that there is a positive relationship between
calcium intake and bone mass gain in the radius, lumbar spine,
and hips [28, 29]. Nutrition is a modifiable factor, and it is
clear that calcium intake in the study population can be
improved. However, in addition to taking care of the dietary
intake of calcium, the IOF recommends 40 min of daily
exercise with a moderate or intense impact on the bones, such
as jumping, dancing, or running, to promote the development
of bone mass.

Fig. (1) shows the BMD of the femoral neck, hip, lumbar
spine and TMD of each group. The BMD of the femoral neck
was similar between the FA, MA and NMA groups but
significantly lower (p 0.05) in the NFA group. At the hip, the
BMD in NFA was significantly lower with respect to that
detected in male athletes. The lumbar spine bone mass in male
and female athletes was significantly higher (p < 0.05)
compared to people who did not practice weightlifting.
However, there were no significant differences in the TMD
between the groups evaluated.

Femoral neck Hip

Lumbar spine  TMD

Anatomical region

Fig. (1). Bone mineral density in the femoral neck, hip, lumbar spine and total mineral density (TMD) in young non-athletes and weightlifting
athletes. Female athletes (FA), non-female athletes (NFA), male athletes (MA), and non-male athletes (NMA). Different letter indicates significant
differences between groups in each anatomical region according to the Kruskal-Wallis test and the Mann—Whitney comparison of medians (p < 0.05).
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Fig. (2). Total mineral density value (TMDV) in young non-athletes and weightlifting athletes. Female athletes (FA), non-female athletes (NFA),
male athletes (MA), and non-male athletes (NMA). Different letter indicates significant differences between groups in each anatomical region
according to the Kruskal-Wallis test and the Mann—Whitney comparison of medians (p < 0.05).

The weight load experienced during weightlifting practice
seems to impact mainly the lower back. The spine has the
functions of keeping the body upright and supporting and
transmitting the weight of the head, upper extremities, and
trunk to the legs. It has been reported that when performing
barbell half squats, lifting loads from 0.8 to 1.6 times of body
weight, the compression acting on the lumbar spine (L3-L4)
increases from 6 to 10 times [30]. Likewise, the BMD of the
hip and the femoral neck in women who practiced weightlifting
turned out to be benefited, when detecting similar values to
those observed in males. This is interesting since hip and
vertebra fractures are among the most common in older people,
mainly in women [31 - 33]. It has been estimated that 30% of
older adults will experience a fall during their lifetime, and
15% will result in a fracture. The hip is one of the regions of
most concern due to its disabling and lethal consequence in
50% of cases after surgery [24, 34]. By the time weightlifting
athletes finish their stage as college athletes, it is highly likely
that they will achieve a maximum peak of bone mass in these
areas, protecting them from future injuries due to lack of bone
mineralization.

The total mineral density value of each group was obtained
with the sum of the average BMD of each anatomical region
evaluated. Fig. (2) shows the TMDV in each group. No
statistical differences were detected between female athletes
and both groups of males. However, in women who did not
practice weightlifting, the TMDV was significantly lower (p <
0.05). The architecture and bone mass of the bone depending
on the degree of pressure of the workload with which it is
trained [25]. In this case, it seems that in women who were
under training, the stress to which the bones were subjected by
weight loads helped promote osteogenesis in certain areas,

reaching a higher average TMDV compared to non-athlete
women. A study by Creighton et al. [16] in university women
revealed that players of volleyball and basketball, considered
high-impact sports, had higher BMD in the femoral neck and
trochanter and TMDV compared to players of soccer and
swimming, sports considered medium and low impact,
respectively. However, no difference in spine BMD density
was detected among this group of women. On the contrary,
according to our results, weightlifting practice contributed to
the mineralization of the lumbar in men and women and helped
increase TMDYV in women. In this sense, it seems that each
sport impacts different areas of the skeleton, contributing to its
mineralization.

Table 3 shows the blood values of the markers of bone
formation and resorption. The objective of evaluating
biomarkers of bone remodelling is to study the influence of
exercise on metabolism and dynamic turnover in bone. The
ALP activity was significantly higher (p < 0.05) in the group of
male athletes compared to the other study groups, which did
not differ from each other. This enzyme plays a very important
role in mineralization and osteoid formation. No significant
differences in the ACP activity were detected between the
groups. Its concentration in the blood is a marker of osteoclast
activity and bone resorption [35, 36].

Tracking markers of bone remodelling are analyses that
generally accompany studies of BMD in athletes. Matsumoto
et al. [37] reported a higher activity in bone resorption in
judokas compared to runners and swimmers. Resorption was
determined by urinary pyridinoline and deoxypyridinoline.
However, no significant differences were reported in terms of
bone formation as measured by the activity of the ALP and the
procollagen type I carboxy-terminal propeptide (PICP).
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Table 1. Weekly training routine of the weightlifting athletes.
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Monday Tuesday Wednesday Thursday Friday
Barbell squat with maximum Barbell squat with maximum Snatch maximum weight
Barbell squat (4x5) Barbell squat (4x5) weight (1x10) weight (3x3, 1x5) (10x1)
Snatch (5x3) Snatch push press (3x10) Jerk (5x2) Snatch balance (3x3) Jerk mazcllr(;l;r)] weight
Cuban press (3x3) Clean (5x2) Pull snatch (3x3) Jerk pull (3x3) Run (40 min)
Barbell shrug (4x5) Jerk pull (3x3) Dead-weight (5%4) Split jerk (5x2)

The number of series per repetitions performed in each exercise is indicated in parentheses.

Table 2. Anthropometric characteristics and nutrient intake per day in young athletes and non-athletes.

Variables Female Athletes (n=6) Non-Female Athletes (n=8) Male Athletes (n=7)|Non-Male Athletes (n=8)
Age (yr) 20+0.7 19.1+0.3 20+1.5 20+1.2
Height (cm) 160.04+5.16° 161.09+5.01° 174.16£3.10° 176.82+6.14°
Weight (kg) 56.80+6.85" 55.70+5.8" 78.50+9.2° 82.10+5.17°
Body mass index 22.95+1.83 21.10£2.11 23.50+2.76 23.50+5.93
Percent body fat (%) 27.4543.53 24.394+4.02 16.95+3.40" 29.90+6.02
Percent fat-free mass (%) 73.69+6.41 74.61+1.67 82.18+8.17.19 79.33+8.30
Daily energy consumption (Kcal) 2187.74+185.01 1923+108.04 3196 +450.26" 3173.194325.62"
Daily energy requirement (Kcal) 2316.39+183.12 1776.42+109.55 3908.47+556.73 3096.19+423.0
Calcium (mg) 920+161 890+135 1250+260 1190+382

Values are medians + standard deviations. * indicates significant differences compared to the other study groups, " indicates significant differences compared to the female
groups,  indicates significant differences between male and non-male athlete groups according to the Kruskal-Wallis test and the Mann—Whitney comparison of medians

(p <0.05). Number of subjects ().

Table 3. Blood markers of bone remodeling and muscle degradation in young non-athletes and weightlifting athletes.

Variables Female Athletes (n=6) Non-Female Athletes (n=8) Male Athletes (n=7)|Non- Male Athletes (n=8)
Alkaline phosphatase (U/L) 114.91+44.27 97.83+27.09 227.9+65.20° 95.0+40.21
Acid phosphatase (U/L) 2.8242.12 1.06+0.82 4.27+2.16 2.81+1.14
Urea (mg/dL) 32.73+4.88 19.33+6.71° 38.71£9.50 18.80+4.60°
Creatine kinase (U/L) 126.51+64.10 45.33+20.26 322.26+74.05° 135.75+73.98

Values are means + standard deviations.  indicates significant differences compared to the other study groups, © indicates significant differences between male and non-
male athlete groups, ¢ indicates significant differences between female and non-female athlete groups according to the Kruskal-Wallis test and the Mann—Whitney

comparison of medians (p < 0.05). Number of subjects (n).

Likewise, Creighton ef al. [16] evaluated bone synthesis and
degradation from the concentration of PICP and carboxy-
terminal telopeptide of type I collagen (ICTP), respectively,
without finding significant differences in bone metabolism in
young women who practiced different sports. One of the
limitations of the use of markers of bone metabolism is the
variation in concentration during the day. To decrease this
factor, in the present study, all blood samples were collected in
the morning on an empty stomach during the same period. Our
results indicate greater activity in bone formation in men who
practiced weightlifting. Despite some limitations, the
quantification of bone markers is of great value in the diagnosis
of bone formation and resorption in athletes to determine their
bone metabolism.

In athletes under training, the concentration of some
markers in the blood may increase as a result of exercise.
Blood urea analyses showed a higher concentration in women
and men who practiced weightlifting (Table 3). Urea is a
breakdown product of muscle metabolism and is indicative of
the amount of protein catabolised. Monitoring their blood

levels is a good parameter of training load [38]. Strenuous
exercise over short periods produces a slight increase in urea
concentration [38]. It has been proposed that the acute phase of
urea in the post-exercise stage determines the magnitude of the
training load. Thus, a training session would have been
adequate if it elicits a response in increasing urea levels in the
post-exercise phase [39]. Likewise, CK activity was higher in
the MA group with respect to the other three evaluated groups,
which did not show significant differences between them
(Table 3). In individuals who regularly engage in intense
exercise, CK levels are usually significantly higher compared
to sedentary or moderately active people [40]. The lower
concentration detected in the FA group may be due to the
secretion of estradiol, a female estrogenic hormone that limits
the release of CK. Despite its mitigating effect on CK release,
it is not directly related to less muscle damage from exercise
[41]. Some authors state that serum CK levels may be an
indicator of damage to muscle tissue in response to the
magnitude of exercise load [42, 43]. The analyses of their
concentration in the blood after exercise could help determine
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the threshold of load or physical activity necessary to stimulate
bone remodelling.

CONCLUSION

Findings from this study indicate that weightlifting
increases bone mass gain in the lumbar vertebrae. In women,
the practice of weightlifting improved the mineral density of
the femoral neck and lower back, increasing the value of total
mineral density compared to the population of non-athlete
women in this study. Weight training in men increased alkaline
phosphatase activity and creatine kinase, parameters related to
bone formation and muscle protein turnover. Blood urea
concentration values of weightlifting athletes were higher than
in inactive subjects. These results reaffirm the theory that
activities where the skeleton is subjected to weight-bearing
induce bone formation and help improve mineral density. More
research is needed to confirm and expand on these results.
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