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Weightlifting	&	Running	Speed	|	Running	&	Gym	Gains	|	Benefits	Of	Running	&	Strength	Training	|	Tips	&	Advice	|	Running	&	Strength	Training	Workout	PlanRunning	and	weightlifting	are	often	thought	of	as	two	separate	entities	--	running	as	a	cardiovascular	exercise	which	is	often	taken	up	to	lose	weight,	improve	heart	health,	and	increase
aerobic	capacity	and	endurance,	while	strength	training	is	seen	as	a	practice	that	focuses	on	building	muscle	strength,	size,	and	power.It's	a	common	misconception	that	combining	these	two	types	of	training	'cancels	out'	the	benefits	each	provides,	but	in	this	blog	Zach	Kingsbury,	PT	and	Gym	Manager	at	PureGym	Cambridge	Grafton	explains	how
running	and	strength	training	can	actually	work	together	to	create	the	perfect	workout	schedule.Why	Do	People	Think	Running	And	Strength	Training	Don't	Work	Together?Many	runners	believe	that	strength	training	can	limit	their	running	potential,	and	many	weightlifters	believe	that	running	will	prevent	gains.	Why	is	it	that	so	many	people	think
running	and	strength	training	are	such	a	bad	combination?While	some	of	this	boils	down	to	having	different	goals	(for	example,	losing	weight	with	running	vs	gaining	weight	with	lifting),	some	of	it	is	due	to	each	of	these	training	formats	eliciting	different	responses	in	the	body.Strength	training	works	by	creating	micro-tears	in	the	muscle	fibres.	As
the	body	repairs	these	tears,	it	stimulates	growth	in	size	and	strength.	Some	runners	believe	that	weightlifting	is	problematic	in	a	few	ways,	including	taking	time	away	from	running,	added	weight	and	mass	making	it	harder	to	run	fast,	and	recovering	from	strength	training	meaning	less	energy	and	muscle	endurance	for	runs.However,	the	reality	is
that	it	takes	a	lot	of	time,	hard	work,	and	dedication	for	most	people	to	build	bulky	muscles,	and	unless	you're	deliberately	bulking	and	eating	in	a	calorie	surplus,	your	weight	is	unlikely	to	change,	so	running	speed	isn't	going	to	be	affected.	In	fact,	strengthening	the	muscles	involved	in	running	can	help	to	improve	running	speed	and	form.While	it	is
true	that	running	after	a	particularly	heavy	gym	session	might	feel	more	challenging,	having	a	training	programme	that	is	properly	scheduled	and	factors	in	rest	will	prevent	this	from	being	an	issue.	Over	time,	increased	muscular	endurance	from	strength	training	will	increase	your	running	endurance	too.Weightlifters	believe	that	running	can
negatively	impact	their	goals	too.	One	reason	for	this	is	that	running	burns	a	high	number	of	calories,	which	reduces	the	energy	available	for	rebuilding	muscle,	reducing	gains.	Recovering	from	runs	is	also	thought	to	have	a	negative	effect	on	recovering	from	strength	training.While	these	are	not	unfounded	fears,	making	sure	you	get	enough	rest	and
are	eating	enough	calories	and	protein	will	prevent	this	from	being	an	issue.Both	running	and	strength	training	are	physically	demanding,	and	including	both	in	your	routine	can	be	problematic	if	it's	not	managed	properly,	leading	to	fatigue,	poor	recovery,	and	increased	risk	of	injury.	However,	when	done	correctly,	it	can	be	beneficial	to	include	both
running	and	training	in	your	fitness	plan.So	just	how	can	you	combine	both	running	and	strength	training?	While	there	are	multiple	ways	to	do	this	(and	we've	provided	more	detail	how	to	do	so	below),	listening	to	your	body	is	key.	If	you're	feeling	fatigued	after	a	long	run,	this	isn't	the	best	time	to	try	for	a	PB	in	the	gym.	Likewise,	if	you're	extremely
sore	after	a	weight	lifting	session,	a	recovery	run	will	be	more	beneficial	than	a	high	intensity	or	long	distance	run.	Incorporating	rest	days	is	also	crucial	to	allow	your	muscles	and	energy	levels	time	to	recover	(we	cover	more	about	why	rest	days	are	so	important	here).Once	you	have	created	a	routine	that	balances	these	disciplines	successfully,	your
body	can	adapt	to	the	workload	and	you	can	build	up	the	volume	and	intensity	of	one	or	both.When	planned	properly,	strength	training	and	running	won't	just	not	negatively	impact	each	other,	but	they	can	actually	work	together	to	improve	overall	health	and	performance	too.Some	of	the	benefits	of	including	both	running	and	weight/strength	training
in	your	workout	plans	are:Improved	running	endurance.	Strength	training	helps	to	build	muscular	endurance,	which	means	it	takes	longer	before	your	muscles	fatigue	on	your	runs.Improved	lifts.	Increasing	your	cardiovascular	endurance	can	actually	improve	your	lifting	ability.Balanced,	full	body	training.	Running	mainly	targets	the	lower	body
muscles	and	cardiovascular	system,	and	if	it's	your	only	form	of	training,	major	muscle	groups	will	be	neglected.	Strength	training	does	allow	for	all	muscle	groups	to	be	strengthened	but	does	not	work	the	cardiovascular	system.	Combining	both	running	and	strength	training	means	every	muscle	group,	including	the	heart,	are	worked.Balanced,	full
body	training.	Running	mainly	targets	the	lower	body	muscles	and	cardiovascular	system,	and	if	it's	your	only	form	of	training,	major	muscle	groups	will	be	neglected.	Strength	training	does	allow	for	all	muscle	groups	to	be	strengthened	but	does	not	work	the	cardiovascular	system.	Combining	both	running	and	strength	training	means	every	muscle
group,	including	the	heart,	are	worked.Body	composition	and	weight	management.	Running	is	great	for	burning	calories,	but	for	a	toned,	athletic	look,	you	need	to	also	build	muscle.	By	combining	running	and	strength	training	you	can	burn	calories	and	improve	cardio	fitness	while	simultaneously	building	muscle	and	reshaping	your	body.Injury
prevention.	Strength	training	is	a	great	way	to	reduce	the	risk	of	injury	associated	with	running.	In	addition	to	strengthening	the	muscles,	strength	training	builds	stronger	tendons,	ligaments,	and	even	bone,	helping	your	body	to	cope	more	effectively	with	the	repetitive	impact	and	stress	of	running.Ready	to	get	all	the	benefits	mentioned	above	and
combine	both	running	and	strength	training	into	your	weekly	workouts?	Try	the	workout	plan	below,	or	if	you	want	to	create	your	own,	here	are	some	tips	to	get	you	started.Establish	your	goals.	Your	perfect	balance	of	running	to	strength	training	will	depend	on	what	your	goals	are.	If	your	main	fitness	goal	is	to	build	strength	while	maintaining	your
cardio,	you'll	benefit	from	having	more	strength	sessions	than	runs.	If	your	goal	is	to	improve	your	running	performance	while	avoiding	injuries,	you'll	want	to	prioritise	running,	with	strength	training	to	supplement.Plan	your	schedule.	Once	you	know	your	goals,	map	out	what	your	weekly	routine	looks	like.	Your	schedule	should	be	strategic	to	allow
time	for	recovery	--	no	putting	in	long	runs	the	day	after	a	heavy	leg	session.Include	rest	days.	Rest	and	recovery	days	are	just	as	important	as	active	days	in	a	training	schedule.	Allow	for	a	full	day	between	working	the	same	muscle	group	twice	and	factor	at	least	one	full	rest	day	a	week.	Resting	allows	the	central	nervous	system,	muscles,	and
ligaments	to	recover.	Without	rest,	you're	more	at	risk	for	injuries	and	will	have	less	energy	for	recovery,	or	for	your	workouts.	A	good	approach	could	be	alternating	your	running	and	strength	training	days,	with	your	rest	day	after	a	lower	body	strength	training	workout.	This	allows	different	muscle	groups	to	recover	between	workouts.Consider
combined	workouts.	You	could	also	pick	some	activities	that	combine	elements	of	both	running	and	strength	training.	High	Intensity	Interval	Training	(HIIT)	and	circuit	training	can	both	include	running	intervals	and	strength-boosting	exercises,	saving	you	time	whilst	ensuring	you	get	the	benefits	of	both	training	styles.Just	make	sure	you're	still
getting	enough	recovery	between	sessions	if	you	go	down	this	route.Factor	in	warm-ups	and	cool	downs.	For	every	workout	you	have	planned,	make	sure	to	factor	in	5-10	minutes	before	and	after	to	properly	warm	up	with	some	walking	and	dynamic	stretches,	and	cool	down	with	some	static	stretches.	This	will	ensure	your	body	is	prepared	for	your
strength	training	or	run,	reducing	risk	of	injury	and	helping	to	reduce	muscle	soreness.Don't	forget	nutrition	and	hydration.	Nutrition	plays	an	important	role	in	fuelling	performance	and	recovery	for	both	running	and	strength	training.	Make	sure	you're	eating	enough	calories	throughout	the	day,	carbs	to	fuel	your	workouts,	and	protein	to
recover.Consider	expert	guidance.	If	you're	not	sure	how	to	create	a	running	and	strength	training	plan,	you	could	start	by	booking	a	session	with	a	personal	trainer	who	can	help	you	map	out	your	weekly	workouts.The	best	workout	plan	for	running	and	strength	training	will	depend	on	your	current	skill	levels,	goals	and	lifestyle,	but	the	below	can
serve	as	inspiration	for	your	weekly	schedule.Monday	--	medium	intensity	runWarm-up:	Start	with	a	brisk	walk	or	light	jog	for	5-10	minutes.	You	can	also	try	these	warm	up	exercises	for	runners.Run:	Aim	for	a	moderate-paced	run	at	a	comfortable	intensity	for	your	desired	time.Cool-down:	Finish	with	a	5-minute	walk	or	gentle	jog	to	gradually
decrease	your	heart	rate.Tuesday	--	lower	body	strengthWarm-up:	Perform	5-10	minutes	of	light	cardio	(e.g.,	cycling	or	jumping	jacks)	followed	by	dynamic	stretches.Strength	exercises:	Focus	on	targeting	your	lower	body	muscles.Barbell	Squats:	3	sets	of	8-12	repsRomanian	Deadlifts:	3	sets	of	8-12	repsWalking	Lunges:	3	sets	of	10-12	steps	per
legLeg	Press:	3	sets	of	8-12	repsCalf	Raises:	3	sets	of	12-15	repsCool-down:	Finish	with	gentle	stretching	for	your	lower	body	muscles.Wednesday	--	low-intensity	run	+	upper	body	strengthWarm-up:	Start	with	a	brisk	walk	or	light	jog	for	5-10	minutes.Run:	Perform	a	low-intensity	run	at	a	comfortable	pace.Strength	exercises:	Focus	on	targeting	your
upper	body	muscles.Push-ups:	3	sets	of	8-12	repsOverhead	Press:	3	sets	of	8-12	repsBent-Over	Rows:	3	sets	of	8-12	repsLat	Pulldowns:	3	sets	of	8-12	repsDumbbell	Bicep	Curls:	3	sets	of	8-12	repsCool-down:	Finish	with	gentle	stretching	for	your	upper	body	muscles.Thursday	--	rest/	core/	mobilityYou	can	either	take	this	as	a	complete	rest	day	to	allow
your	body	to	recover,	or	you	can	work	on	your	mobility	with	gentle	stretching	or	do	some	core	exercises.	You	can	even	do	some	light	yoga	which	incorporates	core	strength	with	this	yoga	for	core	strength	sequence.Friday	--	high	intensity,	max	effort	runWarm-up:	Start	with	a	brisk	walk	or	light	jog	for	5-10	minutes.Run:	Push	yourself	to	perform	a
high-intensity	run,	such	as	interval	training	or	a	tempo	run.	You	can	incorporate	sprints,	hill	repeats,	or	a	faster-paced	run	for	your	desired	time.Cool-down:	Finish	with	a	5-minute	walk	or	gentle	jog	to	gradually	decrease	your	heart	rate.Saturday	--	rest/	core/	mobilityYou	can	either	take	this	as	a	complete	rest	day,	do	some	stretching	and	core	work,	or
do	a	short	recovery	run.	Make	sure	you	have	at	least	one	full	rest	day	across	the	week.Sunday	--	lower	body	strengthWarm-up:	Perform	5-10	minutes	of	light	cardio	(e.g.,	cycling	or	jumping	jacks)	followed	by	dynamic	stretches.Strength	exercises:	Focus	on	targeting	your	lower	body	muscles.Deadlifts:	3	sets	of	8-12	repsBulgarian	Split	Squats:	3	sets	of
8-12	reps	per	legGlute	Bridges:	3	sets	of	12-15	repsLeg	Extensions:	3	sets	of	8-12	repsStanding	Calf	Raises:	3	sets	of	12-15	repsCool-down:	Finish	with	gentle	stretching	for	your	lower	body	muscles.All	blog	postsJump	to:For	many	runners,	the	marathon	represents	the	ultimate	test	of	physical	and	mental	endurance.	The	months	leading	up	to	a
marathon	require	careful	planning,	including	a	sensible	and	progressive	training	programme,	a	nutrition	plan	and	strategies	to	reduce	the	risk	of	getting	injured.	One	strategy,	which	all	marathon	runners	should	consider	as	part	of	their	plans,	is	strength	training.	Although	logging	miles	and	long	runs	is	crucial	to	achieving	your	marathon	goals,
strength	training	is	an	underestimated	tool	for	marathon	runners	who	are	looking	to	enhance	their	performance	and	lower	their	chances	of	picking	up	an	injury.	How	to	avoid	injuries	during	marathon	trainingMarathon	running	demands	an	excellent	level	of	endurance	and	resilience,	which	is	largely	developed	by	accumulating	high	volumes	of
running.	However,	an	important	component	of	your	endurance	is	how	efficiently	and	economically	you	move	when	you	run,	which	can	be	improved	using	strength	training	activities.	Strength	training	enhances	the	force	and	power	that	your	muscles	produce,	which,	in	turn,	can	reduce	the	amount	of	energy	that	you	use	at	your	target	marathon	pace.
More	importantly,	stronger	muscles	can	also	delay	fatigue	from	setting	in	over	the	course	of	the	marathon,	so	you	have	something	left	for	those	crucial	final	miles	of	the	race.	Unfortunately,	progressively	increasing	your	running	training	volume	also	leaves	you	vulnerable	to	injury,	which	is	all	too	common	in	marathon	runners	and	can	derail	training
for	weeks.	A	targeted	programme	of	strength	training	fortifies	your	muscles,	bones	and	tendons,	thereby	reducing	the	likelihood	of	you	suffering	an	overuse	injury.	Finally,	marathon	training	can	also	feel	like	a	monotonous	slog	at	times,	so	including	a	different	and	challenging	type	of	exercise	in	your	training	programme	can	provide	a	welcome	relief
to	your	daily	running	grind.	How	to	perfect	your	running	formAs	a	general	rule,	marathon	runners	should	aim	to	include	two	strength	training	sessions	per	week	in	their	programme,	with	each	session	separated	by	at	least	48	hours.	Around	two	weeks	before	race	day,	it	is	important	that	you	begin	to	taper	down	your	training	volume,	including	your
strength	training.	Although	it	is	a	good	idea	to	keep	some	strength	work	going	right	up	until	the	final	week,	aim	to	do	about	half	of	your	usual	amount.	Also,	be	sure	to	keep	the	intensity	high,	so	you	feel	fired	up	and	ready	to	go	as	the	big	day	approaches.	Free	marathon	training	plans	for	every	goalIdeally,	strength	training	sessions	should	be
performed	separately	from	your	running	sessions,	either	on	a	day	that	you	dont	run	or	at	least	six	hours	after	a	run.	However,	if	this	isnt	possible,	you	will	still	gain	important	benefits	by	adding	two	strength	training	sessions	per	week,	performed	before	or	after	runs.	Another	option	is	to	perform	a	small	amount	(10-15	minutes)	of	purposeful	strength
training	on	most	days	of	the	week.10	essential	strength	moves	for	preventing	injuryTo	gain	strength	and	bulletproof	your	body	against	injury,	your	muscles	need	to	be	challenged	to	produce	more	force	or	power	than	they	are	accustomed	to.	This	means	that	you	will	need	to	lift	a	load	that	is	relatively	heavy	compared	to	your	current	strength	level,	or
move	a	light	load	very	quickly.	If	you	are	new	to	strength	training,	performing	exercises	against	your	bodyweight	will	provide	enough	resistance	and	overload	to	improve	strength.	However,	your	muscles	will	adapt	and	become	stronger	quite	quickly,	therefore	you	will	need	to	add	some	external	load	in	the	form	of	free	weights	(like	dumbbells	or	a
barbell)	or	elastic	bands	to	keep	improving.	The	weight	that	is	best	to	use	on	an	exercise	is	completely	dependent	upon	your	own	strength	levels	and	experience,	so	avoid	comparing	yourself	with	others.	Lastly,	it	is	highly	unlikely	that	lifting	heavy	weights	will	add	any	muscle	bulk	that	will	slow	you	down	as	a	runner.	You	would	need	to	cut	back	your
running	volume	and	do	higher	amounts	of	strength	training	to	put	on	significant	muscle	mass.	3	bike	workouts	to	support	your	running	trainingTo	improve	your	running	performance	and	reduce	your	risk	of	getting	injured,	your	strength	training	programme	should	include	mostly	lower-body	exercises	that	use	movement	patterns	similar	to	running.	It
is	also	a	good	idea	to	include	some	upper-body	and	trunk	exercises	each	week,	plus	exercises	that	specifically	target	areas	that	are	vulnerable	to	injury,	such	as	the	calf	or	achilles	and	knee.	In	general,	each	week,	your	strength	training	programme	should	include	one	exercise	from	each	of	the	following	movement	categories:	The	priority	when	you
begin	any	new	strength	training	programme	is	to	first	establish	good	technique	in	basic	versions	of	each	movement	pattern.	Try	to	maintain	good	posture	(a	neutral	spine),	a	controlled	tempo	and	work	on	developing	your	range	of	motion	through	each	repetition.	If	you	are	new	to	strength	training,	completing	the	initial	few	weeks	of	the	programme
using	only	your	bodyweight	as	resistance	is	an	appropriate	way	to	get	started.	As	you	become	stronger,	the	exercises	will	start	to	feel	less	challenging,	so	you	will	need	to	add	some	resistance	in	the	form	of	elastic	bands,	dumbbells	or	a	barbell	to	keep	progressing.	You	can	also	progress	by	picking	slightly	more	complex	versions	of	the	exercise	or
moving	faster	and	more	explosively.	Compared	to	shorter	race	distances,	the	level	of	muscle	damage	you	are	likely	to	experience	on	your	long	runs	and	during	the	marathon	is	likely	to	be	greater.	Therefore,	some	exercises	that	strengthen	your	muscles	and	joints	to	prevent	this	damage	will	also	be	beneficial.	The	53	shoes	youll	want	to	run	in	next
yearWeeks	1-5:	Movement	skill	and	basic	strengthThe	priority	in	weeks	1-5	of	the	programme	is	to	develop	your	movement	competency	across	a	range	of	basic	strength	exercises.	If	you	are	a	complete	novice	to	this	type	of	training,	this	stage	of	the	plan	is	important	for	building	your	confidence	and	ensuring	that	you	dont	pick	up	an	injury.	In	the	first
week	of	the	programme,	perform	2	sets	of	8	repetitions	of	each	exercise.	In	week	2,	increase	the	repetitions	to	10	per	set,	and	in	week	3	add	a	third	set	to	the	last	three	exercises	in	the	programme.	In	weeks	4	and	5,	perform	3	sets	of	10	repetitions	of	each	exercise.	If	you	have	performed	strength	training	before	or	the	exercises	arent	leaving	you
feeling	too	sore,	try	adding	a	light	load	by	holding	dumbbells	or	a	barbell	in	the	second	and	third	sets.	Day	1	exercises	Warm-up	perform	5-10	minutes	of	light	jumping	and	skipping	exercises	(or	light	cardio),	followed	by	dynamic	stretches	Bodyweight	or	goblet	squat	2-3	sets	x	8-10	reps	Lateral	split	squat	2-3	sets	x	8-10	reps	on	each	leg	Dead-leg	step-
up	2-3	sets	x	8-10	reps	on	each	leg	Press-up	2-3	sets	x	8-10	reps	Calf	raise	2-3	sets	x	8-10	reps	Side	plank	2-3	sets	x	30	seconds	on	each	sideDay	2	exercises	Warm-up	perform	5-10	minutes	of	light	jumping	and	skipping	exercises	(or	light	cardio),	followed	by	dynamic	stretches	Glute	bridge	2-3	sets	x	8-10	reps	Split	squat	2-3	sets	x	8-10	reps	on	each
leg	Single-leg	Romanian	deadlift	2-3	sets	x	8-10	reps	on	each	leg	Inverted	row	2-3	sets	x	8-10	reps	Side-lying	leg	raise	2-3	sets	x	15	reps	on	each	leg	Kneeling	superman	2-3	sets	x	8	reps	on	each	sideHow	to	do	a	glute	bridgeWeeks	6-10:	Maximal	strengthThe	second	phase	of	the	plan	aims	to	develop	your	maximal	strength	capability,	so	you	should
start	adding	some	load	to	the	movement	skills	that	you	developed	in	the	first	phase	(weeks	1-5).	During	week	6	of	the	programme,	reduce	the	number	of	sets	that	you	were	previously	performing	so	you	can	familiarise	yourself	with	the	exercises	in	this	new	routine.	So,	aim	to	perform	2	sets	of	8	repetitions	on	the	key	exercises	and	try	to	use	some	load
to	challenge	yourself.	In	week	7,	aim	to	perform	3	sets	of	6	repetitions	with	a	heavier	weight	and,	in	the	weeks	8-10,	gradually	increase	the	load	further	and	perform	3	sets	of	5	repetitions	(unless	stated	otherwise).	Day	1	exercises	Warm-up	perform	5-10	minutes	of	light	jumping	and	skipping	exercises	(or	light	cardio),	followed	by	dynamic	stretches
Box	step-off	2-3	sets	x	6	reps	(~30	cm	high)	Barbell	back	squat	2-3	sets	x	5-8	reps	Split	squat	2-3	sets	x	5-8	reps	on	each	leg	Single-leg	squat	2-3	sets	x	5-8	reps	on	each	leg	Half-kneeling	overhead	dumbbell	press	2-3	sets	x	5-8	reps	on	each	arm	Single-leg	calf	raise	2-3	sets	x	5-8	reps	on	each	leg	Dead	bugs	3	sets	x	16	repsDay	2	exercises	Warm-up
perform	5-10	minutes	of	light	jumping	and	skipping	exercises	(or	light	cardio),	followed	by	dynamic	stretches	Standing	broad/long	jump	2-3	sets	x	6	reps	Deadlift	(barbell	or	hex-bar)	2-3	sets	x	5-8	reps	In-place	forward	lunge	2-3	sets	x	5-8	reps	on	each	leg	Single-leg	glute	bridge	2-3	sets	x	5-8	reps	on	each	leg	Lat	pull-down	or	(assisted)	pull-ups	2-3
sets	x	5-8	reps	Seated	single-leg	calf	raise	2-3	sets	x	5-8	reps	on	each	leg	Front	plank	3	sets	x	30	secondsTry	this	squat	technique	to	increase	quad	strengthWeeks	11-14:	Explosive	strengthAfter	10	weeks	of	developing	your	movement	skills	and	maximal	strength,	weeks	11-14	change	the	emphasis	to	make	you	more	explosive.	Training	for	explosive
power	is	equally	(if	not	more)	important	than	training	for	maximal	strength,	so	in	these	sessions	you	should	use	lighter	weights	(or	even	just	bodyweight),	but	aim	to	complete	the	upward	phase	of	each	repetition	as	quickly	as	possible.	Try	to	move	with	as	much	effort	and	intent	as	you	can!	These	weeks	also	include	some	exercises	that	are	the	same	or
similar	to	the	previous	two	phases,	because	it	is	important	to	maintain	your	new-found	maximal	strength	levels.	In	week	11,	perform	2	sets	of	5	repetitions	of	the	new	exercises	and	progress	to	3	sets	of	5	repetitions	in	week	12.Day	1	exercises	Warm-up	perform	5-10	minutes	of	light	jumping	and	skipping	exercises	(or	light	cardio),	followed	by	dynamic
stretches	Hop	for	height	and	stick	(balance)	the	landing	2-3	sets	x	6	reps	on	each	leg	Dumbbell	squat	jumps	2-3	sets	x	5	reps	Split	jumps	2-3	sets	x	5	reps	on	each	leg	Single	leg	squat	3	sets	x	8	reps	on	each	leg	Tricep	dips	(from	feet)	2-3	sets	x	8-12	reps	Bent-knee	single	leg	calf	raise	3	sets	x	8	reps	on	each	leg	Half-kneeling	cable/band	chops	3	sets	x
8	reps	on	each	sideDay	2	exercises	Warm-up	perform	5-10	minutes	of	light	jumping	and	skipping	exercises	(or	light	cardio),	followed	by	dynamic	stretches	Hop	for	distance	and	stick	(balance)	the	landing	2-3	sets	x	6	reps	on	each	leg	Barbell	back	squat	3	sets	x	5	reps	Walking	lunge	2-3	sets	x	5	reps	on	each	leg	Single-leg	Romanian	deadlift	2-3	sets	x	8
reps	on	each	leg	Single-arm	dumbbell	row	3	x	8	reps	on	each	arm	Single-leg	calf	raise	3	sets	x	8	reps	on	each	leg	Lateral	loaded	carry	walk	3	sets	x	20	steps	on	each	sideWhy	lunges	should	feature	in	your	strength	routineWeeks	15-16:	Tapering	The	aim	in	the	final	couple	of	weeks	before	your	marathon	is	to	reduce	accumulated	fatigue	and	ensure
that	your	body	is	ready	and	raring	to	go	for	the	big	day!	You	should	reduce	the	amount	of	strength	training	that	you	do	as	you	reduce	your	running	training	volume.	It	is	a	good	idea	to	maintain	at	least	one	session	per	week,	though,	so	your	hard-earned	improvements	do	not	start	deteriorating	as	the	race	approaches.	So,	during	the	taper	weeks,	aim
to	reduce	your	training	volume	by	about	half	and	maintain	intensity	by	using	similar	loads	to	weeks	13	and	14.	Schedule	your	final	strength	training	session	4-5	days	before	marathon	race	day.Tapering	weeks	session	Warm-up	perform	5-10	minutes	of	light	jumping	and	skipping	exercises	(or	light	cardio),	followed	by	dynamic	stretches.	Dumbbell
squat	jumps	2	sets	x	5	reps	Barbell	back	squat	2	sets	x	4	reps	Single	leg	squats	2	sets	x	6	reps	on	each	leg	Press-ups	2	sets	x	8	reps	Single-leg	calf	raise	2	sets	x	8	reps	on	each	leg	Front-side	plank	rotations	2	sets	x	15	seconds	on	each	sideWhat	is	running	economy?Exercise	to	improve	strengthA	gym	where	various	forms	of	strength	training	are	being
practiced.	From	left:	overhead	presses,	battle	ropes,	planking,	and	kettlebell	raises.Strength	training,	also	known	as	weight	training	or	resistance	training,	is	exercise	designed	to	improve	physical	strength.	It	is	often	associated	with	the	lifting	of	weights.	It	can	also	incorporate	techniques	such	as	bodyweight	exercises	(e.g.,	push-ups,	pull-ups,	and
squats),	isometrics	(holding	a	position	under	tension,	like	planks),	and	plyometrics	(explosive	movements	like	jump	squats	and	box	jumps).[1]Training	works	by	progressively	increasing	the	force	output	of	the	muscles	and	uses	a	variety	of	exercises	and	types	of	equipment.	Strength	training	is	primarily	an	anaerobic	activity,	although	circuit	training
also	is	a	form	of	aerobic	exercise.Strength	training	can	increase	muscle,	tendon,	and	ligament	strength	as	well	as	bone	density,	metabolism,	and	the	lactate	threshold;	improve	joint	and	cardiac	function;	and	reduce	the	risk	of	injury	in	athletes	and	the	elderly.	For	many	sports	and	physical	activities,	strength	training	is	central	or	is	used	as	part	of	their
training	regimen.	This	article	will	cover	many	topics	including	principles	and	training	methods,	comparisons	of	different	exercises,	nutrition,	history,	and	safety	concerns.Strength	training	follows	the	fundamental	principle	that	involves	repeatedly	overloading	a	muscle	group.	This	is	typically	done	by	contracting	the	muscles	against	heavy	resistance
and	then	returning	to	the	starting	position.	This	process	is	repeated	for	several	repetitions	until	the	muscles	reach	the	point	of	failure.[2]	The	basic	method	of	resistance	training	uses	the	principle	of	progressive	overload,	in	which	the	muscles	are	overloaded	by	working	against	as	high	resistance	as	they	are	capable	of.	They	respond	by	growing	larger
and	stronger.[3]	Beginning	strength-trainers	are	in	the	process	of	training	the	neurological	aspects	of	strength,	the	ability	of	the	brain	to	generate	a	rate	of	neuronal	action	potentials	that	will	produce	a	muscular	contraction	that	is	close	to	the	maximum	of	the	muscle's	potential.[4]A	dumbbell	half-squat.[5]Strength	training	also	requires	the	use	of
proper	or	'good	form',	performing	the	movements	with	the	appropriate	muscle	group,	and	not	transferring	the	weight	to	different	body	parts	in	order	to	move	greater	weight	(called	'cheating').	An	injury	or	an	inability	to	reach	training	objectives	might	arise	from	poor	form	during	a	training	set.	If	the	desired	muscle	group	is	not	challenged	sufficiently,
the	threshold	of	overload	is	never	reached	and	the	muscle	does	not	gain	in	strength.	At	a	particularly	advanced	level,	however,	"cheating"	can	be	used	to	break	through	strength	plateaus	and	encourage	neurological	and	muscular	adaptation.[6]Maintaining	proper	form	is	one	of	the	many	steps	in	order	to	perfectly	perform	a	certain	strength	training
technique.	Correct	form	in	weight	training	improves	strength,	muscle	tone,	and	maintaining	a	healthy	weight.	Improper	form	can	lead	to	strains	and	fractures.[7]Main	article:	Warming	upWeight	trainers	often	spend	time	warming	up	before	starting	their	workout,	a	practice	strongly	recommended	by	the	National	Strength	and	Conditioning
Association	(NSCA).	A	warm-up	may	include	cardiovascular	activity	such	as	light	stationary	biking	(a	"pulse	raiser"),	flexibility	and	joint	mobility	exercises,	static	and/or	dynamic	stretching,	"passive	warm	up"	such	as	applying	heat	pads	or	taking	a	hot	shower,	and	workout-specific	warm-up,[8]	such	as	rehearsal	of	the	intended	exercise	with	no
weights	or	light	weights.	The	intended	purpose	of	warming	up	is	to	enhance	exercise	effectiveness	and	reduce	the	risk	of	injury.[9]Evidence	is	limited	regarding	whether	warming	up	reduces	injuries	during	strength	training.[9]	As	of	2015,	no	articles	existed	on	the	effects	of	warm-up	for	upper	body	injury	prevention.[10]	For	the	lower	limbs,	several
programs	significantly	reduce	injuries	in	sports	and	military	training,	but	no	universal	injury	prevention	program	has	emerged,	and	it	is	unclear	if	warm-ups	designed	for	these	areas	will	also	be	applicable	to	strength	training.[11]	Static	stretching	can	increase	the	risk	of	injury	due	to	its	analgesic	effect	and	cellular	damage	caused	by	it.[12]The	effects
of	warming	up	on	exercise	effectiveness	are	clearer.	For	1RM	trials,	an	exercise	rehearsal	has	significant	benefits.	For	submaximal	strength	training	(3	sets	of	80%	of	1RM	to	failure),	exercise	rehearsal	does	not	provide	any	benefits	regarding	fatigue	or	total	repetitions	for	exercises	such	as	bench	press,	squats,	and	arm	curl,	compared	to	no	warm-up.
[9]	Dynamic	warm-ups	(performed	with	greater	than	20%	of	maximal	effort)	enhance	strength	and	power	in	upper-body	exercises.[10]	When	properly	warmed	up	the	lifter	will	have	more	strength	and	stamina	since	the	blood	has	begun	to	flow	to	the	muscle	groups.[13]	Pulse	raisers	do	not	have	any	effect	on	either	1RM	or	submaximal	training.[9]
Static	stretching	induces	strength	loss,	and	should	therefore	probably	not	be	performed	before	strength	training.	Resistance	training	functions	as	an	active	form	of	flexibility	training,	with	similar	increases	in	range	of	motion	when	compared	to	performing	a	static	stretching	protocol.	Static	stretching,	performed	either	before	or	after	exercise,	also
does	not	reduce	muscle	soreness	in	healthy	adults.[9]Like	numerous	forms	of	exercise,	weight	training	has	the	potential	to	cause	the	breathing	pattern	to	deepen.	This	helps	to	meet	increased	oxygen	requirements.	One	approach	to	breathing	during	weight	training	consists	of	avoiding	holding	one's	breath	and	breathing	shallowly.	The	benefits	of	this
include	protecting	against	a	lack	of	oxygen,	passing	out,	and	increased	blood	pressure.	The	general	procedure	of	this	method	is	to	inhale	when	lowering	the	weight	(the	eccentric	portion)	and	exhale	when	lifting	the	weight	(the	concentric	portion).	However,	the	reverse,	inhaling	when	lifting	and	exhaling	when	lowering,	may	also	be	recommended.
There	is	little	difference	between	the	two	techniques	in	terms	of	their	influence	on	heart	rate	and	blood	pressure.[14]On	the	other	hand,	for	people	working	with	extremely	heavy	loads	(such	as	powerlifters),	breathing	la	the	Valsalva	maneuver	is	often	used.	This	involves	deeply	inhaling	and	then	bracing	down	with	the	abdominal	and	lower	back
muscles	as	the	air	is	held	in	during	the	entire	rep.	Air	is	then	expelled	once	the	rep	is	done,	or	after	a	number	of	reps	is	done.	The	Valsalva	maneuver	leads	to	an	increase	in	intrathoracic	and	intra-abdominal	pressure.	This	enhances	the	structural	integrity	of	the	torsoprotecting	against	excessive	spinal	flexion	or	extension	and	providing	a	secure	base
to	lift	heavy	weights	effectively	and	securely.[15]	However,	as	the	Valsalva	maneuver	increases	blood	pressure,	lowers	heart	rate,	and	restricts	breathing,	it	can	be	a	dangerous	method	for	those	with	hypertension	or	for	those	who	faint	easily.Training	volume	is	commonly	defined	as	sets	reps	load.	That	is,	an	individual	moves	a	certain	load	for	some
number	of	repetitions,	rests,	and	repeats	this	for	some	number	of	sets,	and	the	volume	is	the	product	of	these	numbers.	For	non-weightlifting	exercises,	the	load	may	be	replaced	with	intensity,	the	amount	of	work	required	to	achieve	the	activity.	Training	volume	is	one	of	the	most	critical	variables	in	the	effectiveness	of	strength	training.	There	is	a
positive	relationship	between	volume	and	hypertrophy.[16][17]The	load	or	intensity	is	often	normalized	as	the	percentage	of	an	individual's	one-repetition	maximum	(1RM).	Due	to	muscle	failure,	the	intensity	limits	the	maximum	number	of	repetitions	that	can	be	carried	out	in	one	set,	and	is	correlated	with	the	repetition	ranges	chosen.	Depending	on
the	goal,	different	loads	and	repetition	amounts	may	be	appropriate:[18]Strength	development	(1RM	performance):	Gains	may	be	achieved	with	a	variety	of	loads.	However,	training	efficiency	is	maximized	by	using	heavy	loads	(80%	to	100%	of	1RM).	The	number	of	repetitions	is	secondary	and	may	be	1	to	5	repetitions	per	set.[18]Muscle	growth
(hypertrophy):	Hypertrophy	can	be	maximized	by	taking	sets	to	failure	or	close	to	failure.	Any	load	30%	of	1RM	or	greater	may	be	used.	The	NCSA	recommends	"medium"	loads	of	8	to	12	repetitions	per	set	with	60%	to	80%	of	1RM.[18]Endurance:	Endurance	may	be	trained	by	performing	many	repetitions,	such	as	15	or	more	per	set.	The	NCSA
recommends	"light"	loads	below	60%	of	1RM,	but	some	studies	have	found	conflicting	results	suggesting	that	"moderate"	15-20RM	loads	may	work	better	when	performed	to	failure.[18]Training	to	muscle	failure	is	not	necessary	for	increasing	muscle	strength	and	muscle	mass,	but	it	also	is	not	harmful.[19]The	speed	or	pace	at	which	each	repetition
is	performed	is	also	an	important	factor	in	strength	and	muscle	gain.	The	emerging	format	for	expressing	this	is	as	a	4-number	tempo	code	such	as	3/1/4/2,	meaning	an	eccentric	phase	lasting	3	seconds,	a	pause	of	1	second,	a	concentric	phase	of	4	seconds,	and	another	pause	of	2	seconds.	The	letter	X	in	a	tempo	code	represents	a	voluntary	explosive
action	whereby	the	actual	velocity	and	duration	is	not	controlled	and	may	be	involuntarily	extended	as	fatigue	manifests,	while	the	letter	V	implies	volitional	freedom	"at	your	own	pace".	A	phase's	tempo	may	also	be	measured	as	the	average	movement	velocity.	Less	precise	but	commonly	used	characterizations	of	tempo	include	the	total	time	for	the
repetition	or	a	qualitative	characterization	such	as	fast,	moderate,	or	slow.	The	ACSM	recommends	a	moderate	or	slower	tempo	of	movement	for	novice-	and	intermediate-trained	individuals,	but	a	combination	of	slow,	moderate,	and	fast	tempos	for	advanced	training.[20]Intentionally	slowing	down	the	movement	tempo	of	each	repetition	can	increase
muscle	activation	for	a	given	number	of	repetitions.	However,	the	maximum	number	of	repetitions	and	the	maximum	possible	load	for	a	given	number	of	repetitions	decreases	as	the	tempo	is	slowed.	Some	trainers	calculate	training	volume	using	the	time	under	tension	(TUT),	namely	the	time	of	each	rep	times	the	number	of	reps,	rather	than	simply
the	number	of	reps.[20]	However,	hypertrophy	is	similar	for	a	fixed	number	of	repetitions	and	each	repetition's	duration	varying	from	0.5	s	-	8	s.	There	is	however	a	marked	decrease	in	hypertrophy	for	"very	slow"	durations	greater	than	10	s.[21]	There	are	similar	hypertrophic	effects	for	50-60%	1RM	loads	with	a	slower	3/0/3/0	tempo	and	80-90%
1RM	loads	with	a	faster	1/1/1/0	tempo.	It	may	be	beneficial	for	both	hypertrophy	and	strength	to	use	fast,	short	concentric	phases	and	slower,	longer	eccentric	phases.	Research	has	not	yet	isolated	the	effects	of	concentric	and	eccentric	durations,	or	tested	a	wide	variety	of	exercises	and	populations.[20]In	general,	more	weekly	training	sessions	lead
to	higher	increases	in	physical	strength.	However,	when	training	volume	was	equalized,	training	frequency	had	no	influence	on	muscular	strength.	In	addition,	greater	frequency	had	no	significant	effect	on	single-joint	exercises.	There	may	be	a	fatigue	recovery	effect	in	which	spreading	the	same	amount	of	training	over	multiple	days	boosts	gains,	but
this	has	to	be	confirmed	by	future	studies.[22]For	muscle	growth,	a	training	frequency	of	two	sessions	per	week	had	greater	effects	than	once	per	week.	Whether	training	a	muscle	group	three	times	per	week	is	superior	to	a	twice-per-week	protocol	remains	to	be	determined.[23]The	rest	period	is	defined	as	the	time	dedicated	to	recovery	between
sets	and	exercises.	Exercise	causes	metabolic	stress,	such	as	the	buildup	of	lactic	acid	and	the	depletion	of	adenosine	triphosphate	and	phosphocreatine.[24]	Resting	35	minutes	between	sets	allows	for	significantly	greater	repetitions	in	the	next	set	versus	resting	12	minutes.[25]For	untrained	individuals	(no	previous	resistance	training	experience),
the	effect	of	resting	on	muscular	strength	development	is	small	and	other	factors	such	as	volitional	fatigue	and	discomfort,	cardiac	stress,	and	the	time	available	for	training	may	be	more	important.	Moderate	rest	intervals	(60-160s)	are	better	than	short	(20-40	s),	but	long	rest	intervals	(34	minutes)	have	no	significant	difference	from	moderate.
[24]For	trained	individuals,	rest	of	35	minutes[26]	is	sufficient	to	maximize	strength	gain,	compared	to	shorter	intervals	20s-60s	and	longer	intervals	of	5	minutes.	Intervals	of	greater	than	5	minutes	have	not	been	studied.[24]	Starting	at	2	minutes	and	progressively	decreasing	the	rest	interval	over	the	course	of	a	few	weeks	to	30s	can	produce
similar	strength	gains	to	a	constant	2	minutes.[27][24]Regarding	older	individuals,	a	1-minute	rest	is	sufficient	in	females.[24]The	largest	increases	in	strength	happen	for	the	exercises	in	the	beginning	of	a	session.[28]Supersets	are	defined	as	a	pair	of	different	exercise	sets	performed	without	rest,	followed	by	a	normal	rest	period.	Common	superset
configurations	are	two	exercises	for	the	same	muscle	group,	agonist-antagonist	muscles,	or	alternating	upper	and	lower	body	muscle	groups.[29]	Exercises	for	the	same	muscle	group	(flat	bench	press	followed	by	the	incline	bench	press)	result	in	a	significantly	lower	training	volume	than	a	traditional	exercise	format	with	rests.[30]	However,
agonistantagonist	supersets	result	in	a	significantly	higher	training	volume	when	compared	to	a	traditional	exercise	format.[31]	Similarly,	holding	training	volume	constant	but	performing	upperlower	body	supersets	and	tri-sets	reduce	elapsed	time	but	increased	perceived	exertion	rate.[32]	These	results	suggest	that	specific	exercise	orders	may
allow	more	intense,	more	time-efficient	workouts	with	results	similar	to	longer	workouts.[29]See	also:	Sports	periodizationPeriodization	refers	to	the	organization	of	training	into	sequential	phases	and	cyclical	periods,	and	the	change	in	training	over	time.	The	simplest	strength	training	periodization	involves	keeping	a	fixed	schedule	of	sets	and	reps
(e.g.	2	sets	of	12	reps	of	bicep	curls	every	2	days),	and	steadily	increasing	the	intensity	on	a	weekly	basis.	This	is	conceptually	a	parallel	model,	as	several	exercises	are	done	each	day	and	thus	multiple	muscles	are	developed	simultaneously.	It	is	also	sometimes	called	linear	periodization,	but	this	designation	is	considered	a	misnomer.[33]Sequential
or	block	periodization	concentrates	training	into	periods	("blocks").	For	example,	for	athletes,	performance	can	be	optimized	for	specific	events	based	on	the	competition	schedule.	An	annual	training	plan	may	be	divided	hierarchically	into	several	levels,	from	training	phases	down	to	individual	sessions.	Traditional	periodization	can	be	viewed	as
repeating	one	weekly	block	over	and	over.	Block	periodization	has	the	advantage	of	focusing	on	specific	motor	abilities	and	muscle	groups.[33]	Because	only	a	few	abilities	are	worked	on	at	a	time,	the	effects	of	fatigue	are	minimized.	With	careful	goal	selection	and	ordering,	there	may	be	synergistic	effects.	A	traditional	block	consists	of	high-volume,
low-intensity	exercises,	transitioning	to	low-volume,	high-intensity	exercises.	However,	to	maximize	progress	to	specific	goals,	individual	programs	may	require	different	manipulations,	such	as	decreasing	the	intensity	and	increasing	volume.[34]Undulating	periodization	is	an	extension	of	block	periodization	to	frequent	changes	in	volume	and
intensity,	usually	daily	or	weekly.	Because	of	the	rapid	changes,	it	is	theorized	that	there	will	be	more	stress	on	the	neuromuscular	system	and	better	training	effects.	Undulating	periodization	yields	better	strength	improvements	on	1RM	than	non-periodized	training.[33]	For	hypertrophy,	it	appears	that	daily	undulating	periodization	has	similar	effect
to	more	traditional	models.[35]Further	information:	Split	weight	trainingA	training	split	refers	to	how	the	trainee	divides	and	schedules	their	training	volume,	or	in	other	words	which	muscles	are	trained	on	a	given	day	over	a	period	of	time	(usually	a	week).	Popular	training	splits	include	full	body,	upper/lower,	push/pull/legs,	and	the	"bro"	split.	Some
training	programs	may	alternate	splits	weekly.[36][bettersourceneeded]Further	information:	List	of	weight	training	exercisesExercise	selection	depends	on	the	goals	of	the	strength	training	program.	If	a	specific	sport	or	activity	is	targeted,	the	focus	will	be	on	specific	muscle	groups	used	in	that	sport.	Various	exercises	may	target	improvements	in
strength,	speed,	agility,	or	endurance.[37]	For	other	populations	such	as	older	individuals,	there	is	little	information	to	guide	exercise	selection,	but	exercises	can	be	selected	on	the	basis	of	specific	functional	capabilities	as	well	as	the	safety	and	efficiency	of	the	exercises.[38]For	strength	and	power	training	in	able-bodied	individuals,	the	NCSA
recommends	emphasizing	integrated	or	compound	movements	(multi-joint	exercises),	such	as	with	free	weights,	over	exercises	isolating	a	muscle	(single-joint	exercises),	such	as	with	machines.[39]	This	is	due	to	the	fact	that	only	the	compound	movements	improve	gross	motor	coordination	and	proprioceptive	stabilizing	mechanisms.[37]	However,
single-joint	exercises	can	result	in	greater	muscle	growth	in	the	targeted	muscles,[40]	and	are	more	suitable	for	injury	prevention	and	rehabilitation.[39]	Low	variation	in	exercise	selection	or	targeted	muscle	groups,	combined	with	a	high	volume	of	training,	is	likely	to	lead	to	overtraining	and	training	maladaptation.[41]	Many	exercises	such	as	the
squat	have	several	variations.	Some	studies	have	analyzed	the	differing	muscle	activation	patterns,	which	can	aid	in	exercise	selection.[42]Commonly	used	equipment	for	resistance	training	include	free	weightsincluding	dumbbells,	barbells,	and	kettlebellsweight	machines,	and	resistance	bands.[43]Resistance	can	also	be	generated	by	inertia	in
flywheel	training	instead	of	by	gravity	from	weights,	facilitating	variable	resistance	throughout	the	range	of	motion	and	eccentric	overload.[44][45]Some	bodyweight	exercises	do	not	require	any	equipment,	and	others	may	be	performed	with	equipment	such	as	suspension	trainers	or	pull-up	bars.[46]Isometric	exerciseIsotonic	exerciseIsokinetic
exerciseSee	also:	Anaerobic	exerciseStrength	training	exercise	is	primarily	anaerobic.[47]	Even	while	training	at	a	lower	intensity	(training	loads	of	20-RM),	anaerobic	glycolysis	is	still	the	major	source	of	power,	although	aerobic	metabolism	makes	a	small	contribution.[48]	Weight	training	is	commonly	perceived	as	anaerobic	exercise,	because	one	of
the	more	common	goals	is	to	increase	strength	by	lifting	heavy	weights.	Other	goals	such	as	rehabilitation,	weight	loss,	body	shaping,	and	bodybuilding	often	use	lower	weights,	adding	aerobic	character	to	the	exercise.Except	in	the	extremes,	a	muscle	will	fire	fibres	of	both	the	aerobic	or	anaerobic	types	on	any	given	exercise,	in	varying	ratio
depending	on	the	load	on	the	intensity	of	the	contraction.[47]	This	is	known	as	the	energy	system	continuum.	At	higher	loads,	the	muscle	will	recruit	all	muscle	fibres	possible,	both	anaerobic	("fast-twitch")	and	aerobic	("slow-twitch"),	to	generate	the	most	force.	However,	at	maximum	load,	the	anaerobic	processes	contract	so	forcefully	that	the
aerobic	fibers	are	completely	shut	out,	and	all	work	is	done	by	the	anaerobic	processes.	Because	the	anaerobic	muscle	fibre	uses	its	fuel	faster	than	the	blood	and	intracellular	restorative	cycles	can	resupply	it,	the	maximum	number	of	repetitions	is	limited.[49]	In	the	aerobic	regime,	the	blood	and	intracellular	processes	can	maintain	a	supply	of	fuel
and	oxygen,	and	continual	repetition	of	the	motion	will	not	cause	the	muscle	to	fail.Circuit	weight	training	is	a	form	of	exercise	that	uses	a	number	of	weight	training	exercise	sets	separated	by	short	intervals.	The	cardiovascular	effort	to	recover	from	each	set	serves	a	function	similar	to	an	aerobic	exercise,	but	this	is	not	the	same	as	saying	that	a
weight	training	set	is	itself	an	aerobic	process.Strength	training	is	typically	associated	with	the	production	of	lactate,	which	is	a	limiting	factor	of	exercise	performance.	Regular	endurance	exercise	leads	to	adaptations	in	skeletal	muscle	which	can	prevent	lactate	levels	from	rising	during	strength	training.	This	is	mediated	via	activation	of	PGC-1alpha
which	alter	the	LDH	(lactate	dehydrogenase)	isoenzyme	complex	composition	and	decreases	the	activity	of	the	lactate	generating	enzyme	LDHA,	while	increasing	the	activity	of	the	lactate	metabolizing	enzyme	LDHB.[50]Main	article:	Sports	nutritionSupplementation	of	protein	in	the	diet	of	healthy	adults	increases	the	size	and	strength	of	muscles
during	prolonged	resistance	exercise	training	(RET);	protein	intakes	of	greater	than	1.62	grams	per	kilogram	of	body	weight	a	day	did	not	additionally	increase	fatfree	mass	(FFM),	muscle	size,	or	strength,	in	a	non-energy	restricted	context.[51]	Older	lifters	may	experience	less	of	an	effect	from	protein	supplementation	on	resistance	training.[51]It	is
not	known	how	much	carbohydrate	is	necessary	to	maximize	muscle	hypertrophy.	Strength	adaptations	may	not	be	hindered	by	a	low-carbohydrate	diet.[52]A	light,	balanced	meal	prior	to	the	workout	(usually	one	to	two	hours	beforehand)	ensures	that	adequate	energy	and	amino	acids	are	available	for	the	intense	bout	of	exercise.[53]	The	type	of
nutrients	consumed	affects	the	response	of	the	body,	and	nutrient	timing	whereby	protein	and	carbohydrates	are	consumed	prior	to	and	after	workout	has	a	beneficial	impact	on	muscle	growth.[54]	Water	is	consumed	throughout	the	course	of	the	workout	to	prevent	poor	performance	due	to	dehydration.	A	protein	shake	is	often	consumed
immediately[55]	following	the	workout.	However,	the	anabolic	window	is	not	particularly	narrow	and	protein	can	also	be	consumed	before	or	hours	after	the	exercise	with	similar	effects.[56]	Glucose	(or	another	simple	sugar)	is	often	consumed	as	well	since	this	quickly	replenishes	any	glycogen	lost	during	the	exercise	period.If	consuming	recovery
drink	after	a	workout,	to	maximize	muscle	protein	anabolism,	it	is	suggested	that	the	recovery	drink	contain	glucose	(dextrose),	protein	(usually	whey)	hydrolysate	containing	mainly	dipeptides	and	tripeptides,	and	leucine.[57]Some	weight	trainers	also	take	ergogenic	aids	such	as	creatine[58]	or	anabolic	steroids	to	aid	muscle	growth.[59]	In	a	meta-
analysis	study	that	investigated	the	effects	of	creatine	supplementation	on	repeated	sprint	ability,	it	was	discovered	that	creatine	increased	body	mass	and	mean	power	output.[60]	The	creatine-induced	increase	in	body	mass	was	a	result	of	fluid	retention.[60]	The	increase	in	mean	power	output	was	attributed	to	creatine's	ability	to	counteract	the	lack
of	intramuscular	phosphocreatine.[60]	Creatine	does	not	have	an	effect	on	fatigue	or	maximum	power	output.[60]As	with	other	sports,	weight	trainers	should	avoid	dehydration	throughout	the	workout	by	drinking	sufficient	water.	This	is	particularly	true	in	hot	environments,	or	for	those	older	than	65.[61][62][63][64][65]Some	athletic	trainers	advise
athletes	to	drink	about	7	imperial	fluid	ounces	(200mL)	every	15	minutes	while	exercising,	and	about	80	imperial	fluid	ounces	(2.3L)	throughout	the	day.[66]:75However,	a	much	more	accurate	determination	of	how	much	fluid	is	necessary	can	be	made	by	performing	appropriate	weight	measurements	before	and	after	a	typical	exercise	session,	to
determine	how	much	fluid	is	lost	during	the	workout.	The	greatest	source	of	fluid	loss	during	exercise	is	through	perspiration,	but	as	long	as	fluid	intake	is	roughly	equivalent	to	the	rate	of	perspiration,	hydration	levels	will	be	maintained.[63]Under	most	circumstances,	sports	drinks	do	not	offer	a	physiological	benefit	over	water	during	weight
training.[66]:76	However,	under	certain	conditionssuch	as	prolonged	training	sessions	lasting	over	an	hour,	or	when	exercising	in	extremely	hot	and	humid	environmentssports	drinks	containing	electrolytes	and	carbohydrates	may	help	replenish	lost	salts	and	provide	an	energy	boost.	Ultimately,	the	ideal	hydration	approach	depends	on	the
individuals	training	intensity,	duration,	and	personal	needs.[67]Insufficient	hydration	may	cause	lethargy,	soreness	or	muscle	cramps.[66]:153	The	urine	of	well-hydrated	persons	should	be	nearly	colorless,	while	an	intense	yellow	color	is	normally	a	sign	of	insufficient	hydration.[66]:153The	effects	of	strength	training	include	greater	muscular
strength,	improved	muscle	tone	and	appearance,	increased	endurance,	cardiovascular	health,	and	enhanced	bone	density.[68]	These	benefits	contribute	not	only	to	athletic	performance	but	also	to	long-term	health	and	independence,	especially	as	individuals	age.	Regular	resistance	training	supports	metabolic	function,	helps	regulate	body	weight,
and	can	improve	mental	well-being	through	the	release	of	endorphins.Strength	training	also	provides	functional	benefits.	Stronger	muscles	improve	posture,[vague]	provide	better	support	for	joints,[vague]	and	reduce	the	risk	of	injury	from	everyday	activities.[69][70]Progressive	resistance	training	may	improve	function,	quality	of	life	and	reduce	pain
in	people	at	risk	of	fracture,	with	rare	adverse	effects.[71]	Weight-bearing	exercise	also	helps	to	prevent	osteoporosis	and	to	improve	bone	strength	in	those	with	osteoporosis.[72]	For	many	people	in	rehabilitation	or	with	an	acquired	disability,	such	as	following	stroke	or	orthopaedic	surgery,	strength	training	for	weak	muscles	is	a	key	factor	to
optimise	recovery.[73]	Consistent	exercise	can	actually	strengthen	bones	and	prevent	them	from	getting	frail	with	age.[74]Engaging	in	strength	training	has	been	linked	to	a	1017%	reduction	in	the	risk	of	death	from	all	causes,	including	cardiovascular	disease,	cancer,	diabetes,	and	lung	cancer.[75]	Two	of	its	primary	effectsmuscle	growth
(hypertrophy)	and	increased	muscular	strengthare	both	associated	with	improved	longevity	and	lower	mortality	rates.[76]Strength	training	also	triggers	hormonal	changes	that	may	contribute	to	positive	health	outcomes.[77]	It	can	help	lower	both	systolic	and	diastolic	blood	pressure,[78][79]	and	positively	influence	body	composition	by	decreasing
overall	body	fat,	visceral	fat,	and	fat	mass.[80]	These	changes	are	particularly	beneficial	since	excess	body	fat	and	its	distribution	are	closely	linked	to	insulin	resistance	and	the	development	of	chronic	diseases.[81]Strength	training	also	leads	to	various	beneficial	neurobiological	effects	likely	including	functional	brain	changes,	lower	white	matter
atrophy,[82]	neuroplasticity[83]	(including	some	degree	of	BDNF	expression),[84]	and	white	matter-related	structural	and	functional	changes	in	neuroanatomy.[85]	Although	resistance	training	has	been	less	studied	for	its	effect	on	depression	than	aerobic	exercise,	it	has	shown	benefits	compared	to	no	intervention.[86]Moreover,	it	also	promotes
decreases	in	total	cholesterol	(TC),	triglycerides	(TG),	low-density	lipoprotein	(LDL),	and	C-reactive	protein	(CRP)	as	well	as	increases	in	high-density	lipoprotein	(HDL)	and	adiponectin	concentrations.[87]Stronger	muscles	improve	performance	in	a	variety	of	sports.	Sport-specific	training	routines	are	used	by	many	competitors.	These	often	specify
that	the	speed	of	muscle	contraction	during	weight	training	should	be	the	same	as	that	of	the	particular	sport.[88]	Strength	training	can	substantially	prevent	sports	injuries,[89]	increase	jump	height	and	improve	change	of	direction.Strength	training	is	not	only	associated	with	an	increase	in	muscle	mass,	but	also	an	improvement	in	the	nervous
system's	ability	to	recruit	muscle	fibers	and	activate	them	at	a	faster	rate.[90]	Neural	adaptations	can	occur	in	the	motor	cortex,	the	spinal	cord,	and/or	neuromuscular	junctions.	The	initial	significant	improvements	in	strength	amongst	new	lifters	are	a	result	of	increased	neural	drive,	motor	unit	synchronization,	motor	unit	excitability,	rate	of	force
development,	muscle	fiber	conduction	velocity,	and	motor	unit	discharge	rate.[90]	Together,	these	improvements	provide	an	increase	in	strength	separate	from	muscle	hypertrophy.[91]	Typically,	the	main	barbell	lifts	squat,	bench,	and	deadlift	are	performed	with	a	full	range	of	motion,	which	provides	the	greatest	neuromuscular	improvements
compared	to	one-third	or	two-thirds	range	of	motion.[92]	However,	there	are	reasons	to	perform	these	lifts	with	less	range	of	motion,	particularly	in	the	powerlifting	community.	By	limiting	range	of	motion,	lifters	can	target	a	specific	joint	angle	in	order	to	improve	their	sticking	points	by	training	their	neural	drive.	Neuromuscular	adaptations	are
critical	for	the	development	of	strength,	but	are	especially	important	in	the	aging	adult	population,	as	the	decline	in	neuromuscular	function	is	roughly	three	times	as	great	(3%	per	year)	as	the	loss	of	muscle	mass	(1%	per	year).[93]	By	staying	active	and	following	a	resistance	training	program,	older	adults	can	maintain	their	movement,	stability,
balance,	and	independence.See	also:	History	of	physical	training	and	fitnessArthur	Saxon	performing	a	Two	Hands	Anyhow	with	an	early	kettlebell	and	plate-loaded	barbellThe	genealogy	of	lifting	can	be	traced	back	to	the	beginning	of	recorded	history[94]	where	humanity's	fascination	with	physical	abilities	can	be	found	among	numerous	ancient
writings.	In	many	prehistoric	tribes,	they	would	have	a	big	rock	they	would	try	to	lift,	and	the	first	one	to	lift	it	would	inscribe	their	name	into	the	stone.	Such	rocks	have	been	found	in	Greek	and	Scottish	castles.[95]	Progressive	resistance	training	dates	back	at	least	to	Ancient	Greece,	when	legend	has	it	that	wrestler	Milo	of	Croton	trained	by
carrying	a	newborn	calf	on	his	back	every	day	until	it	was	fully	grown.	Another	Greek,	the	physician	Galen,	described	strength	training	exercises	using	the	halteres	(an	early	form	of	dumbbell)	in	the	2nd	century.Ancient	Greek	sculptures	also	depict	lifting	feats.	The	weights	were	generally	stones,	but	later	gave	way	to	dumbbells.	The	dumbbell	was
joined	by	the	barbell	in	the	later	half	of	the	19th	century.	Early	barbells	had	hollow	globes	that	could	be	filled	with	sand	or	lead	shot,	but	by	the	end	of	the	century	these	were	replaced	by	the	plate-loading	barbell	commonly	used	today.[96]Weightlifting	was	first	introduced	in	the	Olympics	in	the	1896	Athens	Olympic	Games	as	a	part	of	track	and	field,
and	was	officially	recognized	as	its	own	event	in	1914.[97]The	1960s	saw	the	gradual	introduction	of	exercise	machines	into	the	still-rare	strength	training	gyms	of	the	time.	Weight	training	became	increasingly	popular	in	the	1970s,	following	the	release	of	the	bodybuilding	movie	Pumping	Iron,	and	the	subsequent	popularity	of	Arnold
Schwarzenegger.	Since	the	late	1990s,	increasing	numbers	of	women	have	taken	up	weight	training;	currently,	nearly	one	in	five	U.S.	women	engage	in	weight	training	on	a	regular	basis.[98]Men	and	women	have	similar	reactions	to	resistance	training	with	comparable	effect	sizes	for	hypertrophy	and	lower	body	strength,	although	some	studies	have
found	that	women	experience	a	greater	relative	increase	in	upper-body	strength.	Because	of	their	greater	starting	strength	and	muscle	mass,	absolute	gains	are	higher	in	men.[99]	In	older	adults,	women	experienced	a	larger	increase	in	lower-body	strength.[100]Orthopaedic	specialists	used	to	recommend	that	children	avoid	weight	training	because
the	growth	plates	on	their	bones	might	be	at	risk.	The	very	rare	reports	of	growth	plate	fractures	in	children	who	trained	with	weights	occurred	as	a	result	of	inadequate	supervision,	improper	form	or	excess	weight,	and	there	have	been	no	reports	of	injuries	to	growth	plates	in	youth	training	programs	that	followed	established	guidelines.[101][102]
The	position	of	the	National	Strength	and	Conditioning	Association	is	that	strength	training	is	safe	for	children	if	properly	designed	and	supervised.[103]	The	effects	of	training	on	youth	have	been	shown	to	depend	on	the	methods	of	training	being	implemented.	Studies	from	the	Journal	of	Strength	and	Conditioning	Research	concluded	that	both
Resistance	Training	and	Plyometric	training	led	to	significant	improvements	in	peak	torque,	peak	rate	of	torque	development,	and	jump	performance,	with	Plyometric	showing	a	greater	improvement	in	jump	performance	compared	to	Resistance	training.[104]	Another	study	saw	results	that	suggest	that	both	high-load,	low-repetition	and	moderate-
load,	high-repetition	resistance	training	can	be	prescribed	to	improve	muscular	fitness	in	untrained	adolescents,	as	well	as	the	jump	height	had	also	increased.[105][106]	These	finding	can	be	used	in	the	future	to	develop	training	programs	for	youth	athletes.[104]	The	big	takeaway	from	these	studies	is	that	not	only	in	training	important	for	the
development	of	strength	for	young	athletes,	but	also	it	shows	that	when	developing	a	program,	having	both	plyometrics	exercise	and	resistance	training	will	result	in	better	adaptations	in	the	short	and	long	term.[104]	This	can	be	attributed	to	the	effect	of	neuromuscular	development	and	the	principle	that	it	comes	faster	for	adolescents	than
muscular	hypertrophy.	Understanding	this	is	crucial	for	those	in	charge	of	creating	programs	for	the	youth	to	avoid	injury	and/or	overtraining.[105][106]	Since	adolescents	are	still	in	growing	and	are	not	done	with	developing	not	only	musculature	but	also	bone	and	joint	structures.	Younger	children	are	at	greater	risk	of	injury	than	adults	if	they	drop
a	weight	on	themselves	or	perform	an	exercise	incorrectly;	further,	they	may	lack	understanding	of,	or	ignore	the	safety	precautions	around	weight	training	equipment.	As	a	result,	supervision	of	minors	is	considered	vital	to	ensuring	the	safety	of	any	youth	engaging	in	strength	training.[101][102]Aging	is	associated	with	sarcopenia,	a	decrease	in
muscle	mass	and	strength.[107][108][109]	Resistance	training	can	mitigate	this	effect,[107][109][110]	and	even	the	oldest	old	(those	above	age	85)	can	increase	their	muscle	mass	with	a	resistance	training	program,	although	to	a	lesser	degree	than	younger	individuals.[107]	With	more	strength	older	adults	have	better	health,	better	quality	of	life,
better	physical	function[109]	and	fewer	falls.[109]	Resistance	training	can	improve	physical	functioning	in	older	people,	including	the	performance	of	activities	of	daily	living.[109][107]	Resistance	training	programs	are	safe	for	older	adults,	can	be	adapted	for	mobility	and	disability	limitations,	and	may	be	used	in	assisted	living	settings.[107]
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