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	 Background:	Body	composition,	 leg	strength	ratio,	and	handgrip	strength	could	
significantly	 affect	 and	 predict	 aspects	 of	 health	 and	 athletic	 performance.	 We	
explored	the	association	between	body	composition	(BC),	leg	strength	(LSR),	and	
hand	grip	strength	(HGS)	among	university	athletes	in	different	sports.	
Aims:	to	investigate	the	multiple	influences	of	these	physical	factors	through	other	
sports	to	provide	a	more	integrated	understanding	of	the	total	effect	of	these	factors	
on	athlete	performance	and	selection.	
Methods:	Sixty-six	university	athletes	(age:	22.76±	2.11y,	BMI	21.57±	3.04	kg/m2)	
were	 enrolled	 for	 our	 study.	 The	 participants	 (39	 males	 and	 27	 females)	
participated	in	cricket,	volleyball,	and	athletics.	Body	composition	(BC),	including	
lean	body	mass	(LBM),	muscle	mass	(MM),	skeletal	muscle	mass	(SMM),	body	fat	
mass	(BFM),	basal	metabolic	rate	(BMR),	hand	grip	strength	(HGS),	and	leg	strength	
ratio	 (LSR),	 was	 assessed.	 A	 chi-square	 test	 and	 independent	 sample	 t-tests	
analyzed	the	differences	between	categorical	and	continuous	variables.	A	one-way	
ANOVA	was	used	to	analyze	the	multiple	comparisons	(BMR,	LSR,	BFM,	and	HGS)	
across	cricket,	volleyball,	and	track	and	field	athletes.		
Results:	The	mean	BFM	 in	volleyball	players	was	higher	 than	 in	 track	and	 field	
athletes	 (14.20	±	6.28	vs	8.44	±	3.15,	p<0.05).	Analysis	with	a	 linear	 regression	
model	adjusted	for	age,	sex,	BMI,	and	smoking	habit	indicated	that	LBM	and	BFM	of	
participants	were	positively	associated	with	HGS	(p<0.05).	However,	an	increase	in	
HGS	was	associated	with	greater	LSR	in	cricket	(p<	0.001),	volleyball	(p	<0.0001),	
and	track	and	field	athletes	(p<	0.01).		
Conclusions:	Our	findings	suggest	that	body	composition,	hand	grip	strength,	and	
leg	 strength	 may	 be	 useful	 in	 player	 selection	 and	 improving	 performance	 for	
specific	sports.	Our	results	indicate	increased	hand	grip	strength	is	associated	with	
greater	leg	strength.	
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INTRODUCTION	
																	Body	mass	 is	determined	by	 the	sum	of	different	body	segments	(Bazzocchi	et	al.,	2016;	
Stagi	et	al.,	2021;	Motimath	&	A,	2025).	Body	composition	(BC)	has	a	four-compartment	molecular	
and	 three-compartment	 tissue	 models.	 The	 three-compartment	 tissue	 model	 is	 widely	 used	 in	
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clinical	and	research	settings	to	determine	body	composition	(Moon	et	al.,	2008),	and	describes	the	
relationship	between	fat-free	mass	(FFM)	and	fat	mass	(FM)	as	well	as	the	attainment	of	a	low	body	
fat	percentage	(%BF)	and	which	are	all	considered	desirable	factors	for	athletes	(Fields	et	al.,	2018).	
Body	composition	is	more	than	just	body	weight;	it	also	looks	at	the	proportions	of	different	tissues	
and	how	they	affect	health	 (Prado	&	Heymsfield,	2014).	Knowledge	of	BC	 improves	performance	
according	to	sport-specific	body	size	(Slater	et	al.,	2018).	Body	composition	is	important	for	assessing	
performance	 and	physical	 fitness	 before,	 during,	 and	 after	 sporting	 competitions	 and	 in	 practice	
sessions	(Trexler	et	al.,	2017).	It	influences	an	athlete's	strength,	speed,	agility,	endurance,	flexibility,	
and	overall	performance	(Silva,	2019).	Measuring	body	composition	and	muscle	features	in	teenage	
athletes	 can	 provide	 information	 about	 their	 susceptibility	 to	 injuries	 and	 peak	 performance	
(Tabassum	&	Azim,	2024).	
		 Lean	body	mass	(LBM),	muscle	mass	(MM),	skeletal	muscle	mass	(SMM),	and	basal	metabolic	
rate	 (BMR)	 each	 have	 specific	 functions	 in	 defining	 total	 body	 composition	 (Abidin,	 2023).	
Furthermore,	lean	body	mass	is	an	important	indicator	of	general	and	athletic	health.	It	is	commonly	
used	in	various	sectors,	including	medicine,	fitness,	and	nutrition,	to	assess	a	person's	physical	state	
(Prado	 &	 Heymsfield,	 2014).	 Measuring	 and	 maintaining	 an	 appropriate	 LBM	 is	 important	 for	
athletes,	gymnasts,	and	dancers	regarding	their	strength,	power,	and	overall	physical	performance	
(Fahs	et	al.,	2020;	Lobo	et	al.,	2024).	Muscle	mass	refers	to	the	amount	of	muscle	tissue	in	the	human	
body.	Muscle	tissue	comprises	fibers	that	contract	and	generate	force,	allowing	movement,	stability,	
and	posture	(Blemker	et	al.,	2024).	A	person's	muscle	mass	determines	how	strong	they	are	and	how	
efficiently	they	can	do	various	physical	tasks.	Maintaining	adequate	muscle	mass	is	crucial	for	general	
health	because	it	supports	functional	movements,	bone	health,	and	metabolic	well-being	(Argilés	et	
al.,	2016).	Skeletal	muscle	mass	is	the	total	weight	of	skeletal	muscle	tissue,	which	allows	for	body	
movement	(Tagliaferri	et	al.,	2015).	

Basal	 metabolic	 rate	 is	 the	 minimum	 energy	 (calories)	 required	 to	 sustain	 physiological	
activities	 at	 rest	 (Pavlidou	 et	 al.,	 2023).	 Age,	 gender,	 body	 composition,	 genetics,	 general	 health,	
smoking	habit,	and	body	cell	mass	 impact	BMR	(Jeong	et	al.,	2021	 ;Ning	et	al.,	2024).	Leg	muscle	
strength	ratio	(LSR)	influences	sprinting	speed	and	performance	regarding	acceleration	and	force	
production	 (Pandy	 et	 al.,	 2021).	 The	 relationship	 between	 leg	 strength	 and	 variables,	 such	 as	
anaerobic	performance,	flexibility,	and	injury	prevention,	has	been	extensively	observed	in	sports	
like	wrestling,	 gymnastics,	 football,	 volleyball,	 basketball,	 and	handball	 (Çimen	Polat	 et	 al.,	 2018;	
Teixeira	et	al.,	2015).	BC	and	LSR	have	a	strong	relationship	with	muscle	strength	and	body	mass,	
especially	 LBM	 (Caspersen	 et	 al.,	 1985).	 Grip	 strength	 and	 leg	 press	 power	 correlate	 positively	
(Winger	et	al.,	2021).	
											Another	fitness	parameter,	handgrip	strength	(HGS),	predicts	various	aspects	of	health,	such	as	
physical	 fitness,	hand	functionality,	and	nutritional	status	(Al-Asadi,	2018;	Jarrett	et	al.,	2020).	Its	
predictive	value	is	influenced	by	age,	gender,	BMI,	and	hand	dimensions,	among	other	factors	(Jaafar	
et	al.,	2023).	HGS	is	a	basic	measure	of	physical	well-being	and	is	important	in	activities	that	involve	
grabbing	or	gripping,	as	well	as	an	individual's	work	capability	(Hossain	Parash	et	al.,	2022).	The	
measurement	of	HGS	is	important	in	evaluating	the	functional	capacity	of	the	upper	extremities	and	
the	general	physical	health	of	athletes,	such	as	those	at	the	elite	and	sub-elite	levels,	who	perform	
Olympic-style	weightlifting	 (Erdağı,	 2020).	Hand	 grip	 strength	 (HGS)	 in	 cricketers	 has	 a	 positive	
correlation	with	height,	weight,	BMI,	and	hand	and	arm	dimensions	such	as	hand	width,	hand	length,	
forearm	length,	arm	length,	and	upper	extremity	length	(Shanbhag	&	Kumar	,	2021).	In	cricket	and	
football,	 dominant	 HGS	 correlates	 positively	 with	 weight,	 height,	 mid-upper-arm	 circumference	
(MUAC),	mid-upper	arm	diameter,	mid-upper	arm	area,	corrected	mid-upper	arm	muscle	area,	and	
mid-upper	arm	fat	area,	BMI,	percent	body	fat,	and	percent	lean	body	weight	but	negatively	with	arm	
fat	index	and	triceps	skin	thickness	(Rukadikar,	2020,	Rukadikar	et	al	2017).	
												Although	the	role	of	 individual	BC	components,	HGS,	and	LSR	has	been	assessed	 in	various	
sports	settings,	significant	gaps	remain	in	the	literature.	Most	studies	have	focused	on	single	factors	
or	a	single	sport	and	disregarded	a	cross-comparison	of	athletes	from	multiple	sports.	Furthermore,	
little	research	has	examined	the	combined	effects	of	BC,	HGS,	and	LSR	on	participant	performance	
and	 selection	 in	 various	 sports.	 The	 present	 study	 attempts	 to	 overcome	 these	 limitations	 by	
comprehensively	comparing	the	three	most	important	physical	attributes	in	cricket,	volleyball,	and	
track	&	field	players.	This	study's	novelty	is	that	it	combines	body	composition,	handgrip	strength,	
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and	leg	strength	into	a	holistic	investigation	to	explore	the	relationship	between	the	three	and	their	
impact	on	sport-specific	performance.	The	study's	focus	on	athlete	selection	background	broadens	
its	applied	value,	offering	informative	knowledge	for	coaches	and	sport	scientists	to	optimize	training	
and	talent	identification.	

The	 main	 research	 question	 is:	 how	 do	 body	 composition,	 hand	 grip	 strength,	 and	 leg	
strength	interact	concerning	performance	and	selection	as	an	athlete	in	cricket,	volleyball,	and	track	
and	field?	This	question	frames	the	investigation	of	the	multiple	influences	of	these	physical	factors	
through	other	sports	to	provide	a	more	integrated	understanding	of	the	total	effect	of	these	factors	
on	athlete	performance	and	selection.	This	approach	addresses	the	current	gaps	in	the	literature	and	
provides	a	unique	value	added	in	this	field	by	capturing	multiple	characteristics	within	a	multi-sport	
perspective.	We	hypothesized	that	lean	body	mass	and	handgrip	strength	would	positively	correlate	
with	 leg	 strength,	 and	 that	 these	 relationships	 would	 vary	 by	 sport	 due	 to	 their	 differing	
biomechanical	demands.	
	

METHOD	
Research	Design	
																	Data	for	this	study	were	obtained	from	the	Physical	Education	and	Sports	Science	research	
group,	University	of	Rajshahi.	Participants	were	divided	into	three	experimental	groups:	a)	cricket	
group	 (n=28),	 b)	 volleyball	 group	 (n=24),	 and	 c)	 track	 and	 field	 group	 (n=14),	 including	 100m	
sprinters	(n=5),	200m	sprinters	(n=5),	and	long	jumpers	(n=4).	The	participants'	training,	nutrition,	
and	 psychological	 factors	 were	 closely	 monitored.	 Participants'	 body	 composition	 and	 physical	
fitness	test	results	were	assessed	at	the	end	of	the	2022-2023	Bangladesh	Inter-University	Athletics	
Tournament.	Every	group	underwent	90	days	of	regular	activity	in	their	specific	sporting	activities,	
with	a	minimum	of	two	sessions	and	four	hours	of	practice	per	week	in	each	group.	We	measured	
LBM,	MM,	SMM,	BMR,	BFM,	HGS,	and	LSR	after	90	days	of	regular	activity,	using	a	body	composition	
analyzer	 (InBCA,	 IN-F500,	 Shenzhen,	 China),	 hand	 grip	dynamometer	 (Smedlay's	Dynamo	Meter,	
TTM,	 Tokyo,	 Japan),	 and	 leg	 strength	measuring	machine	 (zaRitz	 BM-220,	 TANITA	Corp.,	 Tokyo,	
Japan).	HGS	and	LSR	were	assessed	three	times	for	measurement	accuracy.	
	
Participants		
											Following	the	recommended	guidelines	proposed	by	Beck	(2013),	we	used	G*Power	software	
(version	3.1.9.6;	Kiel	University,	Kiel,	Germany)	to	pre-determine	the	required	sample	size	for	this	
study	(Faul	et	al.,	2007).	The	significance	level	(α)	was	established	at	0.05,	with	a	desired	statistical	
power	(β)	of	0.95.	We	approximated	an	effect	size	of	0.5	to	attain	the	requisite	statistical	power	based	
on	 the	 findings	of	 the	 study	of	Al-Asadi	 (2018).	We	determined	 that	 a	 sample	 size	of	 at	 least	60	
athletes	would	be	sufficient,	minimizing	the	probability	of	a	type	2	statistical	error.		
													Among	 the	 82	 reviewed	 surveys,	 71	 university	 athletes	 were	 considered	 suitable	 and	
volunteered	to	participate	in	the	study.	However,	during	the	experimental	phase,	five	participants	
withdrew	due	to	sudden	injuries	sustained	in	their	sports.	Thus,	the	data	in	this	study	were	gathered	
from	 the	 66	 participants	 (males=39;	 females=27)	 who	 completed	 all	 the	 experiment	 sessions.	
Participants	were	selected	based	on	the	following	inclusion	criteria:	(1)	actively	participated	in	the	
inter-university	 competitions;	 (2)	 participated	 in	 at	 least	 3	 months	 of	 regular	 sports	 activity	
organized	and	oriented	by	a	coach;	and	(3)	had	a	minimum	of	2	sessions	and	4	hours	of	practice	per	
week	in	each	group.	The	exclusion	criteria	were	as	follows:	(a)	any	diseases	or	illnesses	that	could	
affect	 performance	 in	 various	 tests	 and/or	 the	 use	 of	 any	 medications	 for	 any	 chronic	 medical	
condition;	 (b)	 the	 consumption	 of	 any	 substance	 (such	 as	 stimulants,	 narcotics,	 or	 psychotropic	
drugs),	 nutritional	 supplements	 and/or	 undergoing	 any	 restrictive	 diet	 control	 in	 the	 past	 three	
months	 that	 could	 impact	 hormone	 levels	 or	 athletic	 performance;	 (c)	 the	 use	 of	 any	 form	 of	
contraception,	including	pills,	patches,	injections,	implants	and	intrauterine	devices;	and/or	having	
any	menstrual	or	endocrine	abnormalities	in	the	previous	six	months	for	female	athletes;	and	(d)	
sleep	issues	and/or	the	consumption	of	alcohol.	

The	 university	 athletes	 were	 informed	 about	 all	 the	 experiment	 details,	 including	 the	
schedule	and	the	assessments	they	would	need	to	complete	before	signing	the	consent.	All	protocols	
and	methods	received	approval	from	the	local	research	ethics	committee	of	the	Institute	of	Biological	
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Sciences,	 Rajshahi	 University,	 Bangladesh	 (No:	 72(22)/320/IAMEBBC/IBSc,	 Serial	 Number:	
#00018),	and	adhered	to	the	latest	version	of	the	Declaration	of	Helsinki.	
Instruments	
	
Body	composition	measurements		
												The	individual	being	tested	stood	on	the	platform	of	the	body	composition	analyzer	(InBCA,	
IN-F500,	Shenzhen).	The	analyzer	used	bioelectrical	impedance	analysis	(BIA),	as	Ward	(2019)	has	
described.	Electrodes	on	the	platform	and	handgrip	electrodes	interacted	with	the	individual's	skin.	
A	 low-level	 electrical	 current	 was	 passed	 through	 the	 body,	 and	 the	 analyzer	 measured	 the	
impedance	(resistance)	to	the	flow	of	the	electrical	current.	This	provided	detailed	information	on	
muscle	and	fat	distribution.	The	analyzer	typically	provided	a	range	of	data,	including,	but	not	limited	
to:	total	body	weight,	LBM	(muscle	and	other	non-fat	components),	fat	mass,	body	fat	percentage,	
BMR,	and	segmental	muscle	and	fat	measurements.		
	
Leg	strength	measurements		
											Leg	strength	ratio	was	measured	using	a	bilateral	isometric	leg	press	measuring	device	(zaRitz	
BM-220,	 TANITA	 Corp.,	 Tokyo,	 Japan).	 The	 participants	 performed	 three	 maximal	 voluntary	
contractions,	and	the	average	value	was	recorded	(Hossain	et	al.,	2024;	Kera	et	al.,	2022).	
	
Hand	strength	measurements		

The	 muscle	 strength	 of	 the	 anterior	 compartment	 of	 the	 forearm	 was	 measured	 using	 a	
handgrip	dynamometer	(Smedley's	Dynamo	Meter,	TTM,	Tokyo,	Japan).	Only	the	dominant	hand	was	
tested,	 which	 was	 determined	 by	 participant	 self-report	 (Von	 Hurst	 et	 al.,	 2013).	 The	 handgrip	
dynamometer	was	calibrated	and	adjusted	to	fit	the	hand	size	of	the	person	before	the	assessment.	
The	resting	blood	pressure	of	the	study	subjects	was	measured	according	to	the	standards	of	the	
American	Heart	Association	(AHA)	(Muntner	et	al.,	2019).	Each	participant	performed	three	trials	
for	hand	grip	and	leg	strength	assessments,	with	a	2-minute	rest	interval	between	trials.	The	highest	
value	of	the	three	was	used	for	analysis.	These	measures	ensured	consistency	and	reduced	fatigue	
bias.	
	
Analysis	plan		
								The	SPSS	software	(IBM	Corp.	Released	2017.	IBM	SPSS	Statistics	for	Windows,	Version	25.0.	
Armonk,	NY:	IBM	Corp.)	was	used	to	conduct	all	statistical	analyses	for	this	study.	The	differences	in	
categorical	variables	(sex,	BMI,	smoking	habit,	type	of	students,	and	discipline	area	of	players)	and	
continuous	variables	(age,	SBP,	DBP,	LBM,	MM,	BFM,	SM,	LSR,	BMR,	and	HGS)	were	analyzed	by	chi-
square	tests	and	an	independent	sample	t-test,	respectively.	A	generalized	linear	regression	model	
examined	the	relationships	between	BFM	and	LBM	with	HGS.	The	model	was	adjusted	for	age,	sex,	
BMI,	and	smoking	habits.	To	enhance	the	estimation	accuracy	in	the	regression	model,	the	values	of	
BFM	and	LBM	with	hand	grip	strength	were	log-transformed.	Multiple	comparisons	(BMR,	LSR,	BFM,	
and	 HGS)	 across	 various	 sporting	 events	 (cricket,	 volleyball,	 and	 track	 and	 field	 athletes)	 were	
analyzed	by	one-way	ANOVA	followed	by	Bonferroni	multiple	comparison	tests.	A	generalized	linear	
regression	analysis	was	used	to	assess	the	associations	between	BFM	and	LBM	with	the	hand	grip	of	
the	 participants	 before	 and	 after	 adjusting	 for	 age,	 sex,	 BMI,	 and	 smoking	 habits.	 A	 Pearson	
correlation	coefficient	test	evaluated	the	correlations	of	LSR	with	HGS.	All	results	are	shown	using	
95%	confidence	intervals;	the	minimum	significance	level	was	p<0.05.	

	
RESULTS	AND	DISCUSSION	

Results	
											The	 descriptive	 features	 of	 the	 study	 participants	 are	 summarized	 in	 Table	 1.	 Our	 study	
included	 66	 participants,	 of	 whom	 28	were	 cricketers,	 24	were	 volleyball	 players,	 and	 14	were	
involved	in	athletics.	There	were	no	significant	differences	in	sex,	BMI,	smoking	habits,	and	other	
socio-demographic	variables	among	cricket,	volleyball,	and	track	and	field	athletics	groups.	There	
were	59.1%	male	and	40.9%	female	participants.	There	were	variations	in	average	BMI	in	the	track	
and	field	athletes'	group	participants.	None	of	the	female	participants	were	smokers,	while	16.7%	of	
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male	participants	were	smokers.	Levels	of	systolic	blood	pressure	(SBP)	and	diastolic	blood	pressure	
(DBP)	were	similar	in	the	three	study	groups	(Table	1).	
Table	1.	Descriptive	Characteristics	of	Study	Participants	in	Cricket,	Volleyball,	and	Track	and	Field	

Groups	
Parameters	 All	 Cricket	 Volleyball																							Athletics	 p-

value	
Study	participants	
[n,	(%)]	

66	(100)	 28	(42.4)	 24	(36.4)	 14(21.2)	 	

Sex	[n,	(%)]	 	 	 	 	 	
			Male	 39	(59.1)	 17(60.7)	 12	(50)	 10	(71.4)	 0.684	
			Female	 27	(40.9)	 11(39.3)	 12	(50)	 4	(28.6)	 	
Age	(years)a	 22.76±	2.11	 22.21±	1.99	 23.46±2.11																					22.64±2.13	 0.101	
BMI	 (kg/m2)[n,	
(%)]	

21.57±	3.04	 21.58	±	3.46	 22.31	±	2.85																				20.29	±	2.04	 0.141	

Smoking	[n,	(%)]	 	 	 	 	 	
		Yes	 11	(16.66)	 5	(17.86)	 3	(12.5)																																																																			3	(21.43)	 0.342	
		No	 55	(83.34)	 23	(82.14)	 21	(87.5)																							11	(78.57)	 	
SBP	(mm	Hg)a	 109.51	±	10.29	 107.14	±	11.70	 111.81	±	8.76																110.29	 ±	

9.31	
0.254	

DBP	(mm	Hg)a	 69.14	±	7.97	 67.43	±	7.75	 71.58	±	6.71																					68.39	±	9.76	 0.160	
The	results	are	presented	as	mean	±	SD.	BMI	was	calculated	as	body	weight	(Kg)	divided	by	body	height	squared	(m2).	P-
values	were	obtained	from	the	independent	sample	t-test	and	chi-square	test,	respectively.	BMI	was	categorized	into	four	
groups:	Underweight	–	below	18.5	kg/m2,	Normal	–	18.5	to	24.9	kg/m2,	Overweight	–	25.0	to	29.9	kg/m2,	and	Obese	–	30	
kg/m2	or	higher	(WHO,	1995).	Abbreviations:	BMI=	Body	Mass	Index;	SBP=	Systolic	Blood	Pressure;	DBP=	Diastolic	Blood	
Pressure.	
	
Body	composition	parameters,	leg	strength,	and	handgrip	strength		
												The	power-to-weight	ratio	in	track	and	field	athletes	depends	on	their	LBM,	whereas	MM	and	
SMM	are	indicators	of	muscular	growth	and	affect	strength	and	endurance	(Cialdella-Kam	&	Manore,	
2017).	The	analysis	of	body	composition	parameters	and	physical	metrics	(such	as	LBM,	MM,	SMM,	
BFM,	BMR,	LSR,	and	HGS)	in	the	three	study	groups	is	shown	in	Table	2.	The	average	values	of	MM	
(44.46±6.70	 kg),	 SMM	 (25.32±3.63	 kg),	 and	 basal	metabolic	 rate	 (BMR)	 (1408±152.36	 kg)	were	
higher	in	the	volleyball	group	compared	to	those	participating	in	cricket	and	track	and	field	athletics.	
However,	BFM	was	increased	in	the	volleyball	group	compared	to	the	track	and	field	athletics	group	
(14.20	±	6.28	vs.	8.44	±	3.15	kg,	p<0.05).	Cricketers	had	a	higher	LBM	(44.84±7.47)	compared	to	the	
other	groups;	HGS	was	similar	in	all	groups,	although	there	was	a	non-significant	increase	in	the	field	
athletics	group	(p>0.05)	(Table	2).	
Table	2.	Body	Composition	Parameters	in	Cricket,	Volleyball,	and	Track	and	Field	Athlete	Groups.	

Results	presented	as	means	�SD.	Results	and	p-values	were	from	one-way	ANOVA.	*:	Volleyball	is	significantly	different	
from	athletics	(p=0.031).	LBM=	Lean	Body	Mass,	MM=	Muscle	Mass,	SMM=	Skeletal	Muscle	Mass,	BFM=	Body	Fat	Mass,	
BMR=	Basal	Metabolic	Rate,	LSR=	Leg	Strength	and	HGS=	Hand	Grip	Strength.	
	
Association	between	BFM,	LBM,	and	hand	grip	strength	in	different	sports.	
															A	positive	correlation	exists	between	HGS	and	LBM	in	cricket	and	football	players	(Rukadikar	
et	al.,	2017).	A	linear	regression	analysis	to	investigate	the	relationship	between	BFM,	LBM,	and	HGS	
indicated	a	positive	association	between	LBM	and	HGS	and	an	inverse	association	between	BFM	and	

Parameters	 All	 Cricket	 Volleyball																														Athletics	 p-value	
LBM	(kg)	 46.07±	6.91	 44.84±7.47	 47.64±6.54																							45.83±	6.23																								0.348	
MM	(kg)	 43.25±7.12	 42.43±7.49	 44.46±6.70																							42.84	±	7.30	 0.581	
SMM	(kg)	 24.02±4.34	 23.01±4.97	 25.32±3.63																							23.82	±	3.74	 0.157	
BFM	(kg)	 12.11±	6.58	 12.15±	7.42																		14.20±	6.28																						8.44	±	3.15																		0.031*	
BMR	(kcal)	 1330±	

243.46	
1316.07	
±206.20	

1408	±152.36																			1223	±377.90	 0.069	

LSR	(KG)	 1.56	±0.16	 1.57±0.18	 1.51	±0.15																								1.63	±0.13	 0.070	
HGS	(kg)	 23.36	±8.71	 23.05	±9.25																			22.89	±8.08																						24.77	±9.12	 0.795	
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HGS		in	cricket	and	volleyball	groups	(Table	3).	The	adjusted	β	coefficient	for	LBM	for	cricket	players	
was	0.986	(95%	CI:	0.545,	1.427,	p<0.001)	and	for	BFM	was	-0.811	(95%	CI:	-1.508,	-0.115,	p=0.024).	
Similarly,	in	volleyball	and	athletics,	the	adjusted	β	coefficient	for	LBM	was	1.118	(95%	CI:	0.837,	
1.399,	p<	0.001)	and	0.772	(95%	CI:	-0.217,	1.760,	p=0.111)	respectively,	and	for	BFM	was	-2.100	
(95%	CI:	 -2.799,	 -1.401,	p<0.001	and	-1.687	(95%	CI:	 -3.990,	0.617,	p=0.132)	respectively.	These	
associations	remained	significant	after	adjusting	for	age,	sex,	BMI,	and	smoking	habits.	
Table	3.	Association	of	BFM	and	LBM	with	HGS	of	study	participants	according	to	linear	regression	

analysis	

	
Table	4.	Intraclass	Correlation	Coefficients	(ICCs)	for	Relative	Reliability	and	Coefficients	of	

Variation	(CVs)	for	Absolute	Reliability	of	the	Applied	Hand	Grip	Strength	(HGS)	and	Leg	Strength	
Ratio	(LSR)	Tests.	

Measure	 ICC	 95%	Confidence	
Interval	(CI)	

CV%	

Hand	Grip	Strength	
(HGS)	

.994	 .990-.996	 10.26	

Leg	Strength	Ratio	
(LSR)	

.912	 .856-.946	 37.28	

	 	 	 	
β	is	adjusted	for	age,	sex	(males	used	as	a	referent	group),	BMI,	and	smoking	habit	(non-smokers	used	as	a	referent	group),	
LBM=	Lean	Body	Mass	
ICC:	Intraclass	Correlation	Coefficient,	CI:	Confidence	Interval,	and	CV:	Coefficient	of	Variation	(%)	
	

The	next	section	describes	the	relative	and	absolute	reliability	of	HGS	and	LSR	measurements	
is	described	in	the	next	section.	The	ICC	findings	showed	excellent	reliability	for	the	HGS	(0.994)	and	
good	reliability	for	the	LSR	(0.912).	The	CVs	represent	low	variance	in	HGS	(10.26%)	compared	to	a	
higher	LSR	variation	(37.28%),	indicating	that	hand	grip	strength	is	evaluated	more	consistently.	

Association	 between	hand	 grip	 and	 leg	 strength	 in	 cricket,	 volleyball,	 and	 track	 and	 field	
athletes.	We	 investigated	 whether	 increases	 in	 HGS	 are	 accompanied	 by	 increases	 in	 LSR	 using	
Pearson	correlation	coefficient	tests	(Figure	1).	There	was	a	significant	correlation	between	HGS	and	
LSR	in	the	cricket	(A,	p<	0.001;	r	=	0.802),	volleyball	(B,	p	<0.0001;	r	=	0.706),	and	track	and	field	
athletics	groups	(C,	p<	0.01;	r	=	0.678).	
	
		
	
	
	
	
	

	 	 Before	adjustment	 	 After	adjustment	 	
	 Variables	 Hand	grip	strength	

β	(95%	CI)	
p-value	 Hand	grip	strength	

β	(95%	CI)	
p-value	

Cricket	 Body	 fat	 mass	
(kg)	

-0.461	(-0.928,	0.006)	 0.053	 -0.811	(-1.508,	-0.115)	 0.024	

LBM	(kg)	 0.765	(0.375,	1.156)	 <0.001	 0.986	(0.545,	1.427)	 <0.001	
	 	 	 	 	 	
Volleyball	 Body	 fat	 mass	

(kg)	
-0.772	(-1.227,	-0.316)	 <0.01	 -2.100	(-2.799,	-1.401)	 <0.001	

LBM	(kg)	 1.087	(0.827,	1.346)	 <0.001	 1.118	(0.837,	1.399)	 <0.001	
	 	 	 	 	 	
Athletics	 Body	 fat	 mass	

(kg)	
-0.283	(-2.095,	1.529)	 0.740	 -1.687	(-3.990,	0.617)	 0.132	

LBM	(kg)	 1.046	(0.402,	1.690)	 0.004	 0.772	(-0.217,	1.760)	 0.111	
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Figure	1.	Association	between	hand	grip	strength	and	leg	strength	of	the	study	subjects	in	cricket,	
volleyball,	and	track	and	field	athletes.	The	r-values	and	p-values	were	calculated	from	Pearson	

correlation	coefficient	tests.	
	

Comparisons	between	LBM,	MM,	and	SMM	of	participants	in	cricket,	volleyball,	and	track	
and	field	athletes.	A	one-way	ANOVA	test	indicated	that	MM	and	SMM	in	the	volleyball	group	were	
similar	to	those	in	the	cricket	and	athletics	groups.	Thus,	LBM	remained	unchanged	in	participants	
of	the	three	study	groups	(Figure	2)	
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Figure	2.	Analysis	of	LBM	(A),	MM	(B),	and	SMM	(C)	of	the	participants	in	cricket,	volleyball,	and	
athletics.	Data	presented	as	Mean	±	SEM.	Results	and	p-values	were	from	one-way	ANOVA.	

Comparisons	 of	 BMR,	 LSR,	 BFM,	 and	HGS	 among	 cricket,	 volleyball,	 and	 track	 and	 field	 athletes’	
groups.	
										The	mean	BMR	was	not	different	in	the	volleyball	group	compared	to	the	cricket	and	track	and	
field	 athletes'	 groups	 (Figure	3).	 Participants	 in	 the	 track	 and	 field	 athletes'	 group	had	 a	 greater	
average	LSR	than	those	 in	the	cricket	and	volleyball	groups.	Furthermore,	 individuals	 involved	in	
volleyball	 had	 a	 greater	mean	 BFM	 (p<0.05)	 than	 those	 involved	 in	 track	 and	 field	 athletics.	 No	
differences	in	HGS	were	observed	in	the	three	study	groups	(Figure	3).	
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Figure	3.	Comparative	analysis	of	BMR,	LSR,	BFM,	and	HGS	of	subjects	in	the	cricket,	volleyball,	and	
track	and	field	athletes’	groups.	Results	presented	as	Mean	±	SEM.	Results	and	p-values	(*p<0.05)	

were	from	one-way	ANOVA.	
	
Discussion	
									Our	 study	 explored	 the	 association	 between	 body	 composition,	 leg	 strength,	 and	 hand	 grip	
strength	in	university	athletes	participating	in	different	sports.	We	assessed	LBM,	MM,	SMM,	BMR,	
BFM,	LSR,	and	HGS	 in	participants	 in	cricket,	volleyball,	and	track	and	field	athletes.	Our	 findings	
indicated	differences	only	in	BFM	between	volleyball	and	track	and	field	participants.	Our	study	also	
indicated	a	positive	correlation	between	LBM	and	an	inverse	correlation	between	BFM	and	HGS	in	
the	participants	involved	in	cricket	and	volleyball.	
													Hand	grip	strength	is	essential	for	success	in	various	sports	disciplines,	including	basketball,	
football,	badminton,	cricket,	and	volleyball	(Cronin	et	al.,	2017;	Singla	&	Hussain,	2018).	The	LBM	in	
the	cricket	group	was	positively	correlated	with	HGS	(p<0.001).	Both	LBM	and	BFM	were	correlated	
in	 volleyball	 players	 (p<0.001),	 but	 BFM	 showed	 an	 inverse	 correlation	with	 hand	 grip	 strength	
(Table	3).	BC	determines	an	athlete's	success	and	performance	(Silvestre	et	al.,	2006).	BC	is	closely	
related	to	strength,	power,	and	explosive	performance	in	sports	such	as	cricket,	volleyball,	football,	
and	athletics.	 It	 is	possible	 that	HGS	training	could	 improve	the	execution	of	various	gross	motor	
movement	patterns	in	hand-based	athletes	and	other	athletes,	too.	An	athlete	can	enhance	maximal	
isometric	 HGS	 by	 implementing	 resistance-training	 interventions	 that	 target	 the	 development	 of	
muscle	mass	and	overall	strength	in	the	lower	and	upper	body.	However,	technical	ability,	physical	
capacity,	body	composition,	and	anthropometry	can	enhance	an	athlete's	power	to	apply	force	to	an	
object	or	use	force	during	a	specific	sport-specific	movement	(Farley	et	al.,	2020;	Zaggelidis,	2016).		
													HGS	and	LSR	are	important	measures	of	physical	fitness	because	they	reflect	both	upper	and	
lower	 body	 power	 and	 are	 especially	 important	 in	 sports	 that	 require	 explosive	 power,	 such	 as	
cricket,	 running,	 volleyball,	 and	athletics,	where	performance	 is	dependent	on	quick	and	 forceful	
movements	 (Nefesoğlu	 &	 Bas,	 2021).	 Hand	 grip	 strength	 (HGS)	 in	 cricketers	 has	 a	 positive	
correlation	with	height,	weight,	BMI,	and	hand	and	arm	dimensions	such	as	hand	width,	hand	length,	
forearm	length,	arm	length,	and	upper	extremity	length	(Shanbhag	&	Kumar	,	2021).	HGS	and	LSR	
are	influenced	by	shared	neuromuscular	characteristics,	including	motor	unit	recruitment,	muscle	
cross-sectional	 area,	 and	 neuromuscular	 coordination	 (Elgueta-Cancino	 et	 al.,	 2022).	 There	 is	 a	
positive	relationship	between	HGS	and	LSR	in	swimmers.	Our	study	indicates	varying	correlations	
between	LSR	and	HGS	in	different	sports	groups,	where	HGS	was	correlated	with	LSR	in	individuals	
who	played	cricket	(p<0.001,	r	=	0.608)	(Figure	1A).	In	addition,	our	results	also	indicate	that	LSR	
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and	 HGS	 are	 also	 positively	 associated	 (p<0.0001,	 r=0.716,	 p<0.01,	 r=0.692,	 respectively)	 in	
volleyball	and	athletics	(Figures	1B	and	C).	
											Volleyball	 players	 have	 a	 reduced	 fat	 mass	 and	 increased	 FFM	 compared	 to	 non-athletic	
individuals.	Our	findings	that	the	LBM	was	higher	in	participants	in	cricket	compared	to	volleyball	
and	track	and	field	athletes	are	consistent	with	the	results	of	(Vincenzo	et	al.,	2020).	Additionally,	
when	comparing	study	subjects	in	cricket	and	track	and	field	athletes	to	those	in	the	volleyball	group,	
MM	was	higher	in	the	volleyball	group.	In	addition,	SMM	was	greater	in	volleyball	players	than	in	
participants	in	the	cricket	and	athletics	groups	(Figure	2C).	Volleyball	emphasizes	explosive	jumping	
and	 rapid	movements,	 such	 as	 spiking	 and	 blocking	 (Brazo-Sayavera	 et	 al.,	 2017).	 These	 actions	
require	greater	lower-body	strength	and	power,	resulting	in	the	development	of	larger	leg	muscles,	
including	quadriceps,	hamstrings,	and	calf	muscles	(Majstorović	et	al.,	2020).	
Additionally,	overhead	serving	and	attacking	in	volleyball	require	strong	shoulder	and	upper	body	
muscles	(Parmar	et	al.,	2020).	Serving	and	attacking	in	volleyball	strain	the	shoulder	and	upper	body	
muscles	due	to	the	repetitive	and	vigorous	movements	required.	Consequently,	we	hypothesize	that	
the	 combination	of	 lower	and	upper-body	muscle	 engagement	 in	 volleyball	may	 increase	muscle	
mass,	as	our	results	support.	
																				Most	 adolescent	 athletes	 have	 an	 increase	 in	 BMR,	 indicating	 adaptation	 to	 strenuous	
physical	 activity,	 and	 the	 BMR	 of	 male	 volleyball	 athletes	 is	 greater	 than	 that	 of	 the	 general	
population	(Desbrow	et	al.,	2014;	Qaddomi,	2003).	Our	study	demonstrates	that	BMR	was	similar	in	
cricket	 and	 track	 and	 field	 athletes	 (100m	 sprints,	 200m	 sprints,	 and	 long	 jumps)	 but	 higher	 in	
volleyball	players.	Several	factors	could	explain	the	higher	BMR	we	measured	in	volleyball	compared	
to	 cricket	 players	 and	 other	 track	 and	 field	 athletes.	 Volleyball	 involves	 brief	 bursts	 of	 intense	
activity,	such	as	during	jumping	and	rapid	lateral	movements,	which	contribute	to	the	development	
and	maintenance	of	muscle	mass	(Tiaprapong	&	Tiaprapong	2022).	The	frequent	leaps	and	explosive	
movements	by	volleyball	players	promote	growth	of	lean	muscle	tissue,	likely	requiring	more	energy	
at	 rest,	 making	 it	 important	 to	 monitor	 both	 the	 training	 plans	 and	 food	 habits	 to	 attain	 an	
appropriate	body	 composition	on	a	volleyball	 team	 (Caparello	 et	 al.,	 2023).	Cricket,	 on	 the	other	
hand,	primarily	involves	intermittent	bouts	of	running	and	standing,	resulting	in	a	lower	impact	on	
muscle	mass	and	BMR	(Stahlschmidt,	2022).	Those	involved	in	track	and	field	athletics	have	varying	
BMR	levels	depending	on	the	event.	Still,	long-distance	runners	may	have	a	lower	BMR	due	to	their	
emphasis	on	endurance	training,	which	emphasizes	efficient	energy	use	(Stenqvist,	2016).	
													Leg	squat	training	increases	leg	muscle	strength	in	badminton	players	more	effectively	than	
in	100-meter	running	sprinters	(Nugroho	et	al.,	2025).	However,	comparison	of	leg	strength	in	track	
event	athletes,	cricketers,	and	volleyball	players	did	not	produce	conclusive	results.	The	findings	of	
our	 study	 indicate	 that	 leg	 strength	was	 greater	 in	 track	 event	 athletes	 compared	 to	 cricket	 and	
volleyball	players,	which	may	be	due	to	the	specific	 training	and	biomechanical	demands	of	 their	
respective	sports.	Athletes	rely	on	their	leg	muscles	for	explosive	power,	speed,	and	endurance	in	
track	and	field	events	(Bazyler	et	al.,	2017).	Sprinters,	for	example,	require	greater	leg	strength	to	
generate	maximum	force	during	brief,	high-intensity	bursts	of	activity	(Kavaliauskas,	2022)	while	
jumping	 and	 hurdles	 require	 robust	 leg	 musculature	 for	 takeoffs	 and	 landings	 (Jayathunga	 &	
Chandana,	 2022).	 Cricket	 and	 volleyball	 require	 different	 skill	 sets:	 cricket	 players	 require	 leg	
strength	 and	 flexibility	 for	 batting,	 bowling,	 and	 fielding,	 while	 volleyball	 players	 use	 their	 legs	
mostly	for	leaping	and	lateral	movements.		
													Our	study	indicates	that	volleyball	players	have	a	significantly	greater	BFM	level	than	track	
and	field	athletes	(p<0.05).	Volleyball	players	may	have	higher	body	fat	percentages	because	body	
fat	aids	buoyancy	and	the	ability	to	remain	afloat	during	jumping	and	diving	(Acar	&	Eler,	2019).	In	
addition,	the	physical	demands	of	volleyball	differ,	with	taller	players	requiring	more	body	fat	for	
insulation	and	energy	storage	because	they	are	less	likely	to	overheat	during	extended	periods	of	
play	(Mielgo-Ayuso,	2015).	
															Track	event	athletes,	particularly	sprinters,	also	tend	to	have	lower	body	fat	percentages,	as	
excess	body	fat	can	hinder	their	ability	to	move	quickly	and	efficiently.	These	athletes	concentrate	on	
muscle	growth,	which	can	help	treat	or	delay	type	2	diabetes,	resulting	in	lower	body	fat	levels.63	
However,	our	findings	indicate	that	hand	grip	strength	was	higher	in	track	and	field	athletes	than	in	
cricket	and	volleyball.	Athletes	in	throwing	events	such	as	the	shot	put	and	discus	require	robust	grip	
strength	to	control	the	implements	and	ensure	proper	technique	and	force	production.	
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Implications	
											The	 study's	 results	 can	 assist	 coaches	 and	 sports	 scientists	 in	 customizing	 training	 plans	
according	to	players'	strength	and	body	composition.	Early	 talent	 identification	may	benefit	 from	
hand	grip	strength,	which	serves	as	a	substitute	for	total	physical	health	and	playing	technique,	such	
as	in	cricket	(batting	grip	and	throwing	accuracy),	volleyball	(ball	control	during	blocks	and	spikes),	
and	in	athletics	(throws,	which	are	integral	to	the	shot	put	and	discus	grip	strength).	Performance	
and	 lean	body	mass	are	positively	 correlated,	 emphasizing	 the	necessity	of	personalized	 training	
techniques.	Nutritional	planning	can	be	guided	by	knowledge	of	body	composition	patterns	unique	
to	 a	 certain	 sport.	 Track	 athletes	 with	 stronger	 legs	may	 benefit	 from	 concentrated	 lower-body	
training.	All	things	considered,	this	study	backs	the	inclusion	of	physiological	evaluations	in	athlete	
development	initiatives.	
	
Research	contribution	 	
												This	 study	 looks	 at	 important	 performance	 factors	 that	 affect	 leg	 strength	 in	 sports	 like	
volleyball,	cricket,	and	athletics,	including	lean	body	mass	and	hand	grip	strength.	The	findings	show	
that	college	athletes	have	different	muscle	and	fat	distributions	based	on	their	sport.	There's	also	a	
noteworthy	link	between	hand	grip	strength	and	body	fat,	with	higher	fat	possibly	leading	to	lower	
grip	strength.	This	research	offers	a	handy	guide	for	spotting	student-athletes'	skills	and	boosting	
performance.	It	helps	coaches	make	informed	decisions	about	selecting	players	using	solid,	unbiased	
measures.	Looking	ahead,	it	opens	doors	for	research	on	a	wider	range	of	sports.	
	
Limitations		
									Our	study	has	limitations,	including:	(1)	While	G	Power	was	used	to	determine	the	sample	size	
required	 for	our	study	due	 to	 its	exploratory	nature,	 future	research	with	a	 larger	sample	size	 is	
needed	 to	 confirm	 our	 findings;	 (2).	 The	 small	 sample	 size	 of	 the	 Bangladesh	 Inter-University	
Athletics	Championships	limits	the	generalizability	of	the	results;	(3).	Gender	differences	were	not	
examined	 in	 this	 study,	 leaving	 an	 opportunity	 for	 future	 research	 to	more	 carefully	 investigate	
sports-specific	 body	 composition	 indices	 between	 sexes;	 (4)	 Our	 investigation	 did	 not	 examine	
Menstrual	 cycle	phases	 and	 training	 loads.	Training	volume	and	 intensity	were	not	 standardized	
across	 sports,	 which	 may	 have	 affected	 strength	 and	 body	 composition	 outcomes.	 This	 is	 an	
important	consideration	for	future	longitudinal	studies.	Despite	these	limitations,	our	study	lays	the	
groundwork	for	future	large-scale	studies	to	better	understand	the	link	between	body	composition,	
physical	fitness,	and	sports	performance	to	optimize	outcomes	in	various	sporting	disciplines.	
	
Suggestions	
							While	 our	 findings	 provide	 preliminary	 evidence	 for	 physiological	markers	 in	 sports	
performance,	they	are	specific	to	a	Bangladeshi	university	athlete	population.	They	may	not	
generalize	across	age	groups,	competitive	levels,	sports,	or	countries.	Later	studies	should	
use	a	wider	and	more	varied	sample	to	 improve	the	generalizability	of	the	results.	A	sex-
based	 analysis	 is	 suggested	 to	 investigate	 gender	 variations	 in	 strength	 and	 body	
composition.	We	 also	 acknowledge	 the	 limitation	 of	 not	 including	 training	 hours	 due	 to	
inconsistent	 self-reported	 data	 and	 recommend	 their	 inclusion	 in	 future	 studies.	
Incorporating	 dietary	 and	 hormonal	 evaluations	 might	 yield	 a	 more	 profound	
understanding.	 Researchers	 should	 also	 investigate	 the	 impact	 of	 biomechanical	 and	
psychological	elements	on	sports	performance.	
	
Funding	
						No	funding	was	received	for	this	research.	
	

CONCLUSION	
													Body	composition	is	important	for	health	and	fitness,	while	hand	grip	strength	has	a	greater	
role	in	some	sporting	events.	Our	findings	can	help	to	tailor	guidelines	for	selection	procedures	in	
various	 sporting	 activities,	 and	may	be	of	 interest	 to	 researchers,	 sports	 authorities,	 and	players	
alike.	 The	 results	 of	 this	 pilot	 study	 indicate	 that	 body	 composition,	 hand	 grip	 strength,	 and	 leg	
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strength	may	be	 important	 in	player	selection	and	 improving	performance	 in	specific	sports.	Our	
findings	suggest	increased	hand	grip	strength	is	associated	with	increased	leg	strength.	In	addition,	
we	determined	a	positive	relationship	between	fat	mass,	lean	body	mass,	and	hand	grip	strength	in	
cricket	and	volleyball	players.	Coaches	and	sports	scientists	should	be	able	to	use	these	results	to	
develop	specific	training	modalities	focused	on	improving	handgrip	strength	and	body	composition	
according	to	the	individual	demands	of	their	players.	The	well-conditioned	musculature	of	both	the	
upper	 and	 lower	 body,	 which	 is	 developed	 through	 resistance	 training,	 can	 only	 enhance	
performance	in	numerous	sporting	activities.	In	addition,	we	could	research	the	impact	of	nutritional	
and	psychological	factors	on	muscular	strength	and	body	composition	in	future	studies.	These	factors	
can	 essentially	 influence	 an	 athlete's	 overall	 physical	 health	 and	 performance,	 thus	 providing	 a	
deeper	insight	into	the	elements	of	sports	achievements.	The	findings	of	this	study	might	be	useful	
in	selecting	players	in	specific	sports	and	help	improve	the	body	composition	of	players	to	improve	
their	performance.	
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