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Abstract

Background. Understanding how different sports influence bone health and body composition is key to improving
athletic performance and overall well-being. Weightlifting, yoga, and long-distance running each have unique
impacts on the body. This study offers insights into how specific sports disciplines shape bone health and body
composition, providing valuable guidance for enhancing fitness and health recommendations.

Objectives. The study aimed to assess the effects of weightlifting, yoga, and long-distance running on body
composition and bone mineral density, highlighting how these activities significantly influence both factors.
Materials and methods. A random sampling method was used to select ninety (N = 90) interuniversity athletes.
The sample consisted of long-distance runners (n = 30), weightlifting athletes (n = 30), and yoga practitioners

(n = 30). Bone mineral density was measured using the Achilles EXPII (Part 1) Bone Mineral Density Analyzer, while
body composition was assessed with the GS6.5B Body Building Weight Test System (Version 1.0).

Results. Significant differences were observed among the groups in bone mineral density F, s, = 15.95, p =.000,
body fat percentage F, s, = 26.15, p = .000, and skeletal muscle mass F, s, = 23.30, p = .000. A post-hoc LSD test
showed that weightlifters had the highest bone mineral density and skeletal muscle mass, whereas long-distance
runners demonstrated the lowest body fat percentage among the groups.

Conclusions. The study revealed substantial differences in skeletal muscle mass, body fat percentage, and bone
mineral density among weightlifters, yoga practitioners, and long-distance runners. These findings highlight

the distinct physiological adaptations associated with each sport, emphasizing the need for customized training
and health strategies to optimize performance and health outcomes across different athletic disciplines.
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Introduction

Exercise is considered a protective factor that lowers
the risk of osteoporosis; however, not all physical activities
have an equal effect on bone health. Non-weight-bearing
sports may have a neutral or even negative impact (Bellver
et al., 2019), whereas weight-bearing exercises are well-
documented to promote long-term bone health (Boreham &
McKay, 2011; Karlsson & Rosengren, 2012). The development
of bone during childhood and adolescence plays a crucial
role in determining peak bone mass and the future risk of
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osteoporosis and fragility fractures in later life (Baxter-Jones
etal., 2011).

Athletes in endurance sports like running or non-
weight-bearing activities such as biking and swimming
often have lower bone mineral density compared to those
in ball or power sports (Scofield & Hecht, 2012), which
require strength and power to perform game-related skills
effectively (Rahman & Sharma, 2023). In some cases, their
bone density is even lower than that of their sedentary peers
(Fredericson et al., 2005; Fredericson et al., 2007; Nagle
& Brooks, 2011). Low bone mineral density increases the
risk of stress and fragility fractures in competitive athletes
and later in life (Kelsey et al., 2007). Since adequate bone
mineral density is linked to both long-term health and
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injury prevention—especially in high-impact sports like
running and weightlifting—maintaining bone health is
critical (Turner & Robling, 2003). Exercises involving
multidirectional motions and high-impact forces, such as
gymnastics and team sports, are associated with stronger
bones than low-impact exercises (Sale & Elliott-Sale, 2019).

Maintaining optimal body composition and bone health
is essential for overall health and athletic performance. These
physical traits can be influenced differently by various sports,
and it is crucial for athletes and healthcare professionals to
understand these differences (Goolsby & Boniquit, 2017;
Reza et al., 2024). Endurance sports like long-distance
running and cycling, due to their high energy demands,
often produce a leaner physique, while strength-based
sports like weightlifting tend to increase muscle mass and
result in a more muscular appearance (Kraemer et al., 1999).
The physiological demands of each sport play a significant
role in shaping athletes’ body composition and bone health
(Carbuhn et al., 2010). Weightlifting, for example, promotes
skeletal muscle mass and improves bone mineral density
by applying high-intensity resistance that stimulates bone
formation (Hong & Kim, 2018).

Yogic practices have shown potential in enhancing
physiological and physical metrics, which are essential for
unlocking the body’s full potential and improving sports
performance (Pramanik et al., 2024). By integrating weight-
bearing postures with isometric exercises, yoga not only sup-
ports bone mineral density but also aids in muscle mainte-
nance, providing these benefits in a gentler, less strenuous
manner (Ross & Thomas, 2010). Long-distance running,
with its consistent aerobic activity, generally leads to a leaner
body composition and lower body fat (Willis et al., 2012).
However, its impact on bone health can vary depending on
factors like exercise intensity and duration. Long-term par-
ticipation in endurance sports, such as long-distance run-
ning or cycling, may be associated with lower peak bone
density (Tenforde & Fredericson, 2011; Barrack et al., 2010).

Understanding how these factors influence bone
mineral density and body composition is vital for improving
both athletic performance and long-term health. Evaluating
the effects of different exercise regimens on bone mineral
density is essential in determining which activities provide
the most health benefits. The purpose of this study is to offer
evidence-based recommendations to motivate individuals
to engage in exercise that optimizes both bone health and
body composition.

Materials and Methods

Study Participants

In this study, ninety (N = 90) male university-level
participants from Punjabi University, Patiala, India, were
selected usingarandom sampling technique. The participants
included (n = 30) weightlifters, (n = 30) long-distance
runners, and (n = 30) yoga practitioners, all aged between
18 and 25 years and having competed in interuniversity-
level competitions in their respective sports. Long-distance
runners were defined as those participating in events of
3,000 meters or more. The subjects were recruited from
interuniversity camps, ensuring they were actively preparing
for upcoming competitions.

The research scholar explained the objectives and
procedures of the study, and after obtaining informed
consent, the athletes voluntarily participated. All subjects
were healthy and free of musculoskeletal problems, with
those having medical conditions excluded from the study.

Table 1. The anthropometric data (M + SD) of the subjects

Variables  Weight Lifters Lm;gu E;?;nce Pracg)t%:ners
Age (yrs) 19.67 + 1.88 20.13 £1.99 23.33+1.53
Height (cm) 173.12 £ 9.71 172.51 £5.61 175.00 £ 6.40
Weight (kg) ~ 67.40+3.78 5873 +4.48  63.43+501
BMI (kg/m?) 22.85%2.62 20.07 £ 0.829 20.74 £ 2.24
Test Procedure

To assess the participants’ lean body mass and body fat
percentage, the Body Composition Analyzer GS6.5B Body
Building Weight Test System (Version 1.0) was used. Bone
mineral density (stiffness index) was measured using the
Achilles EXPII (Part 1). All tests were conducted in the
Physiology Lab of the Department of Physical Education
at Punjabi University, Patiala, India. Prior to testing,
participants’ queries were addressed, and the procedure
was thoroughly explained. A certified lab technician was
responsible for recording all measurements. For the
purposes of the study, skeletal muscle mass (kg), body fat
percentage (%), and bone mineral density (stiffness index)
were measured and compared among the groups.

Body Composition Analysis

Participants were instructed to remove heavy clothing
and accessories and were informed in advance to refrain
from eating for at least two hours before the test to ensure
accurate measurements (Kyle et al,, 2004a). The test
administrator guided participants to stand barefoot on the
electrode platform and grip the electrode rods with both
hands, ensuring full contact between their feet and the
electrodes (Sergi et al., 2017). The GS6.5B was calibrated
before each session to ensure precision. This system uses
bioelectrical impedance analysis (BIA) to measure body
composition parameters such as body fat percentage and
lean body mass (Kyle et al., 2004b; Mialich et al., 2014).

Bone Mineral Density Analysis

Participants were instructed to remove their shoes and
socks. After getting into a comfortable position, they were
asked to place their feet between the membranes for the heel
scan (Lu et al,, 2022; Li et al., 2019). The measurements were
performed with the participant seated and one foot placed
on the footplate (Weerasinghe et al., 2020). The device sends
ultrasonic waves through the heel, and bone mineral density
is determined by measuring how much these waves attenuate
(Bi et al., 2023). The Achilles EXPII combines speed of
sound (SOS) and broadband ultrasound attenuation (BUA)
readings to create a clinical metric known as the Stiffness
Index, which represents the ultrasound results (Gonnelli et
al., 2002; Moayvyeri et al., 2012).
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Statistical Analysis

The data was analyzed using IBM SPSS software (ver-
sion 29). Descriptive statistics and one-way ANOVA were
employed to fulfil the study’s objectives, followed by a post
hoc LSD test to identify significant differences. The Shapiro-
Wilk test confirmed that the data followed a normal distri-
bution, while Levene’s test verified the equality of variances.
A significance level of 0.05 was set for all analyses.

Table 2. Descriptive statistics of the variables

Results

A one-way ANOVA (Table 3) revealed significant
differences in bone mineral density F, 4, = 15.95, p = .000,
body fat percentage F, 5;) = 26.15, p = .000, and skeletal
muscle mass F, g, = 23.30, p = .000 among weight lifters,
long-distance runners, and yoga practitioners. These results
indicate that the type of physical activity significantly
influences these physiological parameters.

Parameters Groups n Mean  Std. Deviation Std. Error Minimum Maximum
Weight Lifters 30 110.40 6.59 1.20 98 118
Bone Mineral Density Long Distance Runners 30 105.00 5.19 0.95 90 115
Yoga Practitioners 30 101.77 6.07 1.11 85 117
Weight Lifters 30 16.69 2.09 0.38 14 20
Body Fat % Long Distance Runners 30 15.02 1.93 0.35 11 18
Yoga Practitioners 30 18.39 1.28 0.23 14 20
Weight Lifters 30 30.78 1.53 0.28 29 34
Skeletal Muscle Mass ~ Long Distance Runners 30 26.82 241 0.44 22 31
Yoga Practitioners 30 28.46 2.69 0.49 24 33

Table 3. One-way ANOVA of selected parameters of weight lifters, long-distance runners and Yoga practitioners

Variables Groups Sum of Squares df Mean Square F-ratio p-value
. . Between Groups 1141.489 2 570.744
Bone Mineral Density o 15.953 .000
Within Groups 3112.567 87 35.777
Between Groups 170.092 2 85.046
Body Fat % . 26.145 .000
Within Groups 283.004 87 3.253
Between Groups 238.311 2 119.155
Skeletal Muscle Mass o 23.296 .000
Within Groups 445.000 87 5.115
*  Significant at 0.05 level
Table 4. Post-hoc (LSD) test
Parameters Groups Groups Mean Difference Std. Error  Sig. Level
. . Long Distance Runners 5.400* 1.544 .001
Weight Lifters .
Yoga Practitioners 8.633* 1.544 .000
. . ) Weight Lifters -5.400* 1.544 .001
Bone Mineral Density Long-Distance Runners .
Yoga Practitioners 3.233* 1.544 .039
. Weight Lifters -8.633* 1.544 .000
Yoga Practitioners .
Long-Distance Runners -3.233% 1.544 .039
. . Long-Distance Runners 1.663* 0.466 .001
Weight Lifters o
Yoga Practitioners -1.704* 0.466 .000
i Weight Lifters -1.663* 0.466 .001
Body Fat Percentage Long Distance Runners .
Yoga Practitioners -3.367* 0.466 .000
. Weight Lifters 1.704* 0.466 .000
Yoga Practitioners .
Long-Distance Runners 3.367* 0.466 .000
. . Long Distance Runners 3.967* 0.584 .000
Weight Lifters B
Yoga Practitioners 2.322* 0.584 .000
i Weight Lifters -3.967* 0.584 .000
Skeletal Muscle Mass Long Distance Runners .
Yoga Practitioners -1.645% 0.584 .006
» Weight Lifters -2.322% 0.584 .000
Yoga Practitioners .
Long Distance Runners 1.645* 0.584 .006

*

The mean difference is significant at the 0.05 level
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Fig. 1. Showings mean plots of variables between groups

A post-hoc LSD test (Table 4) revealed significant dif-
ferences between the groups for all parameters. For bone
mineral density, weight lifters had significantly higher values
than long-distance runners (p = .001) and yoga practitioners
(p =.000), and long-distance runners had higher values than
yoga practitioners (p = .039). Regarding body fat percentage,
long-distance runners had lower percentages than weight lift-
ers (p = .001) and yoga practitioners (p = .000), with weight
lifters also having lower body fat than yoga practitioners
(p = .000). For skeletal muscle mass, weight lifters showed
greater mass compared to long-distance runners (p = .000)
and yoga practitioners (p =.000), with yoga practitioners hav-
ing more muscle mass than long-distance runners (p = .006).

Discussion

The present study revealed significant differences in bone
mineral density (BMD), body fat percentage, and skeletal
muscle mass across three groups of athletes: weight lifters,
long-distance runners, and yoga practitioners. Weightlifters
exhibited the highest bone mineral density (BMD) among
the groups, which is consistent with research showing that
high-intensity mechanical loads, such as those encountered
during weightlifting, stimulate bone adaptation and enhance
BMD (Kohrt et al., 2010; Kohrt et al., 2004). The mechanical
stress induced by the loading forces of weightlifting leads to
significant bone strengthening (Souza et al., 2020; Hackett
& Sabag, 2021). In contrast, long-distance runners had
moderate BMD. Although running provides mechanical
load, it is less intense than weightlifting, which may explain
why runners have lower BMD compared to weightlifters
(Tenforde et al., 2011). The continuous, moderate impact of
endurance running contributes positively to bone health but
falls short of achieving the higher BMD that weightlifting
promotes (Borer, 2005; Kohrt et al., 2004). Meanwhile,
yoga practitioners had the lowest BMD, likely due to the
lower impact of yoga. Despite incorporating weight-bearing
poses, yoga does not generate sufficient mechanical stress
to significantly enhance BMD (Fernandez-Rodriguez et al.,
2021; Greendale et al., 2002).

Skeletal muscle mass is a crucial component of overall
physical health and well-being, particularly during the
formative years of youth. Maintaining optimal skeletal
muscle mass can have far-reaching benefits, from improved
physical performance to the prevention of age-related
muscle loss (sarcopenia) later in life (Aversa et al., 2019;
Tieland et al., 2018). Study found that weightlifters had the

highest skeletal muscle mass, which is a direct result of the
hypertrophic effects of resistance training (Hackett & Sabag,
2021; Benito et al., 2020). Mechanical loads and muscle
contractions during weightlifting promote muscle size and
strength through increased protein synthesis and muscle
fiber recruitment (Morton et al., 2016; Schoenfeld, 2010).
In contrast, long-distance runners exhibited the lowest
skeletal muscle mass, as their training focuses on endurance
and cardiovascular efficiency rather than hypertrophy. The
high energy expenditure during endurance exercise can
lead to muscle breakdown rather than growth, as muscle
development is not prioritized in this type of training
(Konopka & Harber, 2014; Fyfe et al., 2014). Enhance the
eccentric strength of the hamstrings, significantly reducing
the risk of muscle strains in athletes participating in high-
intensity sports (Islam et al., 2024). Yoga practitioners
displayed moderate skeletal muscle mass. While yoga
involves isometric contractions that help maintain muscle
mass, the intensity and frequency of muscle engagement
are lower than those seen in weightlifting, resulting in more
modest muscle development (Cramer et al., 2013; Ross &
Thomas, 2010).

Long-distance runners showed the lowest body fat
percentage among the groups, corresponding to the
high caloric expenditure and fat oxidation associated
with sustained aerobic activity (Mooses et al., 2013). The
prolonged aerobic nature of endurance running leads to
increased fat metabolism and energy expenditure, making
it highly effective for fat reduction (Willis et al., 2012).
Weightlifters, while having a higher body fat percentage than
runners, maintained lower fat levels than yoga practitioners.
Increased muscle mass from resistance training elevates basal
metabolic rate and facilitates fat loss (Kraemer & Ratamess,
2004; Schoenfeld, 2010). Yoga practitioners had the highest
body fat percentage, likely due to the lower intensity and
caloric expenditure of yoga compared to weightlifting and
running. According to Lauche et al. (2016), yoga does not
promote the same level of metabolic activity necessary
for substantial fat reduction due to its focus on flexibility,
balance, and mental health (Cowen & Adams, 2005).

Conclusions

Weightlifting is the most effective method for increasing
muscle mass and bone mineral density while maintaining
lower body fat levels. Long-distance running, which
emphasizes endurance, leads to decreased muscle mass,
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moderate bone mineral density, and lower body fat. Yoga has
minimal impact on muscle mass and bone mineral density
but can help maintain muscle through isometric contractions
during poses. These results suggest that combining exercise
modalities provides a balanced approach to improving
overall health, combining the fat loss and cardiovascular
benefits of endurance training with the muscle and bone-
building effects of resistance training.

Limitations

This study had a cross-sectional design, which limits
the ability to establish causal relationships between training
programs and the observed differences in skeletal muscle
mass, body fat percentage, and bone mineral density.
Additionally, the sample size of 90 participants, with 30 in
each group, may be relatively small, potentially affecting
the generalizability of the findings. Furthermore, the study
did not account for confounding variables, such as diet and
individual training intensity, which could have influenced the
results. Future research should consider using longitudinal
designs and controlling for these variables to provide a more
comprehensive understanding of the effects of different
athletic disciplines on body composition and bone health.
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OuiHKa BNANBY CNOPTVUBHUX ANCLUNIH HA KOMNO3ULilO Tina
Ta 340pPOB’A KiCTKOBOI TKAHNHMN: AKLEHT Ha 3aHATTAX NOrolo,
Ba)XKOI0 aTNeTUKolo Ta 6irom Ha poBri gucraHuii

Hacip Vx [Jin Ba3a'A*“PF, Himan Cinrx [Teom'AB¢P®

'TlenmxabCcpKuil yHiBEpCcUTeT

ABTOpPCHKMIT BKTAJ;: A — nm3aits gocnipkenHs; B — 36ip ganux; C - crarananis; D - migroroska pykomnucy; E — 36ip komtis

Pedepar. Crarst: 8 ., 3 Tabn., 1 puc., 52 mxepena.

IcTopist nuTannA. PosymiHHA TOro, AK PisHi BUAM CIIOPTY BIVIMBAIOTh HA CTAH KiCTKOBOI TKAaHMHMU Ta KOMIIO3MIIIIO Ti/a, €
K/II0YOBYM YMHHUKOM /IS TIOKPAllleHHA CIOPTUBHOI pe3y/IbTaTMBHOCTI Ta 3arajlbHOTO CaMOIOYyTTA. Baskka aTieTnka, jora ta
6ir Ha JOBTI MUCTAHIII MalOTh yHiKa/IbHMIT BIVIMB Ha opraHisMm. Ile jocmimpkeHHA MICTUTD aHasIi3 TOTO, K KOHKPETHI CIIOPTUBHI
IVICUMIUTIHM GOPMYIOTD 3/J0POB’ A KiCTKOBOI TKaHMHM Ta KOMIIO3UIIIO Ti/la, @ TAKOX Ha/Ia€ I[iHHI peKoMeH Al II0/I0 MOMiIIIeHHA
piBH: (Bi3NYHOI MIATOTOBIEHOCTI Ta CTaHY 3OPOB .

Mera mocnimkenHs. JJOCTi)KeHHA Majlo Ha MeTi OI[iHUTY BIUIMB 3aHATh BaKKOIO aT/IETUKOIO, JIOTOI0 Ta 6iromM Ha [JOBTi
JVICTaHIil Ha KOMIIO3MILIO Ti/la Ta MiHEpa/bHY IIiIbHICTh KiCTKOBOI TKAaHMHMY, @ TAKOXXK BU3HAYNTH, HACKIIBKU CYTTEBO IIi BUIN
bi3nIHOI aKTMBHOCTI BIVIMBAIOTH Ha 00111Ba HAaKTOPIL.

Marepianu Ta MeToAM. 32 MEeTOROM paHzoMisalii 6y/o Bifibpano ges’siHocto (N = 90) MDKYHIBEpCUTETCHKIX CHOPTCMEHIB.
Bubipka cxmaganacs 3 6iryHis Ha goBri gucTaHuii (n = 30), cropTcMeHiB-BaKKoaTIeTiB (n = 30) Ta mpaxTuKis itoru (n = 30). Bu-
MipIOBaHH: MiHepa/IbHOI IITbHOCTI KiCTKOBOI TKAaHMHM MTPOBOAUIOCH 32 IOTIOMOTO0 aHa/li3aTopa MiHepaabHOI MIi/IBHOCTI KiCT-
kool TkaunHu “Achilles EXPII” (Hactina 1), 110 nepenbadae yanTpasByKoBe JOCTIIKEHHs I ATKOBOI KICTKM, @ KOMITO3MIis Ti/Ta
OLIHIOBAJIaCh i3 BUKOpUCTAHHAM TecT-cuctemn “GS6.5B Body Building Weight Test System” (Bepcist 1.0) 3 MeTO0 BM3HaYeHHs
KOMIIOHEHTHOTO CK/Iafly MacH Ti/la CIIOPTCMEHiB.

Pesynbraru. CriocTepiranucs sHa4YHi BifIMiHHOCTI Mi>K IpyIIaMy 3a TOKa3HMKAMU MiHepa/IbHOI IiIbHOCT] KicCTKOBOI TKaHMHMU
Fi, 57 = 15,95, p = 0,000, BificoTKOBOr0O BMICTY KUpY B oprasiami F, g = 26,15, p = 0,000 Ta Macu ckeneTHux M’s3is F, &) = 23,30,
p = 0,000. Post-hoc Tect HaliMeHII0i 3HauyIIOi pi3HMIII ITOKa3aB, 110 BaYKKOATIETU MaJIi HAIBUIINI piBeHb MiHepalIbHOI M[i/b-
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HOCTI KICTKOBOI TKAHMHM Ta Macy CKeJIETHUX M sI3iB, TOAI sIK GIiryHM Ha JOBTi JUCTAHIII IPOAEMOHCTPYBA/IN HAITHVDKIWIT IIOKa3-
HUK BifICOTKOBOTO BMICTY )KMPY B OpraHi3Mi cepefi JOCTiPKyBaHUX TPYIL.

BucHoBKu. 32 pesynbraTamu JOCI/PKEHHS BCTAHOB/IEHO CYTTEBI BiIMIHHOCTI Y IOKa3HMKaX Macy CKeJIeTHMX M sI3iB, Bifico-
TKOBOTO BMICTY )XMPY B OpraHi3Mi Ta MiHepaIbHOI IIi/TbHOCTI KiCTKOBOI TKAHUMHM Cepef] BayKKOAT/IETiB, IIPAKTUKIB J10ry Ta 6iryHis
Ha 1oBri gucrannii. OTpuMaHi faHi BKa3yl0Th Ha YiTKO BUPaKeHi (bi?,ionorqui ajanTaril, OB fA3aHi i3 KOYKHUM BUIOM CIIOPTY,
HiKpecToYy HeoOXiTHICTb pO3pOOKY IHAMBITYaTbHUX TPEHYBATbHIX Ta 03[[0POBYMX CTpATeriil Iofo onTuMisanii pesyabra-
TUBHOCTI Ta TOKa3HUKIB CTaHY 3[I0POB’S B PI3HUX CHOPTUBHMX AUCHUIDIIHAX.

KirouoBi cmoBa: KoMIO3uIiist Ti/a, WiIbHICTb KiCTKOBOI TKAHMHM, M 30Ba Maca, IErKOaT/IeT 3 Oiry Ha BUTPUBAIICTD, IpakK-
TUK 0T, BaXKKa aT/IeTUKA.
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