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necessary	for	your	intended	use.	For	example,	other	rights	such	as	publicity,	privacy,	or	moral	rights	may	limit	how	you	use	the	material.	Biological	system	in	animals	and	plants	for	gas	exchange	This	article	is	about	the	biological	system.	For	other	uses,	see	Breathing	system.	Respiratory	systemA	complete,	schematic	view	of	the	human	respiratory
system	with	their	parts	and	functionsDetailsIdentifiersLatinsystema	respiratoriumMeSHD012137TA98A06.0.00.000TA23133FMA7158Anatomical	terminology[edit	on	Wikidata]	The	respiratory	system	(also	respiratory	apparatus,	ventilatory	system)	is	a	biological	system	consisting	of	specific	organs	and	structures	used	for	gas	exchange	in	animals	and
plants.	The	anatomy	and	physiology	that	make	this	happen	varies	greatly,	depending	on	the	size	of	the	organism,	the	environment	in	which	it	lives	and	its	evolutionary	history.	In	land	animals,	the	respiratory	surface	is	internalized	as	linings	of	the	lungs.[1]	Gas	exchange	in	the	lungs	occurs	in	millions	of	small	air	sacs;	in	mammals	and	reptiles,	these	are
called	alveoli,	and	in	birds,	they	are	known	as	atria.	These	microscopic	air	sacs	have	a	very	rich	blood	supply,	thus	bringing	the	air	into	close	contact	with	the	blood.[2]	These	air	sacs	communicate	with	the	external	environment	via	a	system	of	airways,	or	hollow	tubes,	of	which	the	largest	is	the	trachea,	which	branches	in	the	middle	of	the	chest	into	the
two	main	bronchi.	These	enter	the	lungs	where	they	branch	into	progressively	narrower	secondary	and	tertiary	bronchi	that	branch	into	numerous	smaller	tubes,	the	bronchioles.	In	birds,	the	bronchioles	are	termed	parabronchi.	It	is	the	bronchioles,	or	parabronchi	that	generally	open	into	the	microscopic	alveoli	in	mammals	and	atria	in	birds.	Air	has	to
be	pumped	from	the	environment	into	the	alveoli	or	atria	by	the	process	of	breathing	which	involves	the	muscles	of	respiration.	In	most	fish,	and	a	number	of	other	aquatic	animals	(both	vertebrates	and	invertebrates),	the	respiratory	system	consists	of	gills,	which	are	either	partially	or	completely	external	organs,	bathed	in	the	watery	environment.	This
water	flows	over	the	gills	by	a	variety	of	active	or	passive	means.	Gas	exchange	takes	place	in	the	gills	which	consist	of	thin	or	very	flat	filaments	and	lammellae	which	expose	a	very	large	surface	area	of	highly	vascularized	tissue	to	the	water.	Other	animals,	such	as	insects,	have	respiratory	systems	with	very	simple	anatomical	features,	and	in
amphibians,	even	the	skin	plays	a	vital	role	in	gas	exchange.	Plants	also	have	respiratory	systems	but	the	directionality	of	gas	exchange	can	be	opposite	to	that	in	animals.	The	respiratory	system	in	plants	includes	anatomical	features	such	as	stomata,	that	are	found	in	various	parts	of	the	plant.[3]	Main	articles:	Lung	and	Respiratory	tract	Fig.	1.
Respiratory	system	Fig.	2.	The	lower	respiratory	tract,	or	"Respiratory	Tree"TracheaMainstem	bronchusLobar	bronchusSegmental	bronchusBronchioleAlveolar	ductAlveolus	In	humans	and	other	mammals,	the	anatomy	of	a	typical	respiratory	system	is	the	respiratory	tract.	The	tract	is	divided	into	an	upper	and	a	lower	respiratory	tract.	The	upper	tract
includes	the	nose,	nasal	cavities,	sinuses,	pharynx	and	the	part	of	the	larynx	above	the	vocal	folds.	The	lower	tract	(Fig.	2.)	includes	the	lower	part	of	the	larynx,	the	trachea,	bronchi,	bronchioles	and	the	alveoli.	The	branching	airways	of	the	lower	tract	are	often	described	as	the	respiratory	tree	or	tracheobronchial	tree	(Fig.	2).[4]	The	intervals	between
successive	branch	points	along	the	various	branches	of	"tree"	are	often	referred	to	as	branching	"generations",	of	which	there	are,	in	the	adult	human,	about	23.	The	earlier	generations	(approximately	generations	0–16),	consisting	of	the	trachea	and	the	bronchi,	as	well	as	the	larger	bronchioles	which	simply	act	as	air	conduits,	bringing	air	to	the
respiratory	bronchioles,	alveolar	ducts	and	alveoli	(approximately	generations	17–23),	where	gas	exchange	takes	place.[5][6]	Bronchioles	are	defined	as	the	small	airways	lacking	any	cartilaginous	support.[4]	The	first	bronchi	to	branch	from	the	trachea	are	the	right	and	left	main	bronchi.	Second,	only	in	diameter	to	the	trachea	(1.8	cm),	these	bronchi
(1–1.4	cm	in	diameter)[5]	enter	the	lungs	at	each	hilum,	where	they	branch	into	narrower	secondary	bronchi	known	as	lobar	bronchi,	and	these	branch	into	narrower	tertiary	bronchi	known	as	segmental	bronchi.	Further	divisions	of	the	segmental	bronchi	(1	to	6	mm	in	diameter)[7]	are	known	as	4th	order,	5th	order,	and	6th	order	segmental	bronchi,	or
grouped	together	as	subsegmental	bronchi.[8][9]	Compared	to	the	23	number	(on	average)	of	branchings	of	the	respiratory	tree	in	the	adult	human,	the	mouse	has	only	about	13	such	branchings.	The	alveoli	are	the	dead	end	terminals	of	the	"tree",	meaning	that	any	air	that	enters	them	has	to	exit	via	the	same	route.	A	system	such	as	this	creates	dead
space,	a	volume	of	air	(about	150	ml	in	the	adult	human)	that	fills	the	airways	after	exhalation	and	is	breathed	back	into	the	alveoli	before	environmental	air	reaches	them.[10][11]	At	the	end	of	inhalation,	the	airways	are	filled	with	environmental	air,	which	is	exhaled	without	coming	in	contact	with	the	gas	exchanger.[10]	Fig.	3	Output	of	a	'spirometer'.
Upward	movement	of	the	graph,	read	from	the	left,	indicates	the	intake	of	air;	downward	movements	represent	exhalation.Main	articles:	Breathing	and	Lung	volumes	The	lungs	expand	and	contract	during	the	breathing	cycle,	drawing	air	in	and	out	of	the	lungs.	The	volume	of	air	moved	in	or	out	of	the	lungs	under	normal	resting	circumstances	(the
resting	tidal	volume	of	about	500	ml),	and	volumes	moved	during	maximally	forced	inhalation	and	maximally	forced	exhalation	are	measured	in	humans	by	spirometry.[12]	A	typical	adult	human	spirogram	with	the	names	given	to	the	various	excursions	in	volume	the	lungs	can	undergo	is	illustrated	below	(Fig.	3):	Not	all	the	air	in	the	lungs	can	be
expelled	during	maximally	forced	exhalation	(ERV).	This	is	the	residual	volume	(volume	of	air	remaining	even	after	a	forced	exhalation)	of	about	1.0–1.5	liters	which	cannot	be	measured	by	spirometry.	Volumes	that	include	the	residual	volume	(i.e.	functional	residual	capacity	of	about	2.5–3.0	liters,	and	total	lung	capacity	of	about	6	liters)	can	therefore
also	not	be	measured	by	spirometry.	Their	measurement	requires	special	techniques.[12]	The	rates	at	which	air	is	breathed	in	or	out,	either	through	the	mouth	or	nose	or	into	or	out	of	the	alveoli	are	tabulated	below,	together	with	how	they	are	calculated.	The	number	of	breath	cycles	per	minute	is	known	as	the	respiratory	rate.	An	average	healthy
human	breathes	12–16	times	a	minute.	Measurement	Equation	Description	Minute	ventilation	tidal	volume	*	respiratory	rate	the	total	volume	of	air	entering,	or	leaving,	the	nose	or	mouth	per	minute	or	normal	respiration.	Alveolar	ventilation	(tidal	volume	–	dead	space)	*	respiratory	rate	the	volume	of	air	entering	or	leaving	the	alveoli	per	minute.	Dead
space	ventilation	dead	space	*	respiratory	rate	the	volume	of	air	that	does	not	reach	the	alveoli	during	inhalation,	but	instead	remains	in	the	airways,	per	minute.	Fig.	6	Real-time	magnetic	resonance	imaging	(MRI)	of	the	chest	movements	of	human	thorax	during	breathing	Main	article:	Breathing	§	Mechanics	The	"pump	handle"	and	"bucket	handle
movements"	of	the	ribsFig.	4	The	effect	of	the	muscles	of	inhalation	in	expanding	the	rib	cage.	The	particular	action	illustrated	here	is	called	the	pump	handle	movement	of	the	rib	cage.Fig.	5	In	this	view	of	the	rib	cage	the	downward	slope	of	the	lower	ribs	from	the	midline	outwards	can	be	clearly	seen.	This	allows	a	movement	similar	to	the	"pump
handle	effect",	but	in	this	case,	it	is	called	the	bucket	handle	movement.	The	color	of	the	ribs	refers	to	their	classification,	and	is	not	relevant	here.	BreathingFig.	7	The	muscles	of	breathing	at	rest:	inhalation	on	the	left,	exhalation	on	the	right.	Contracting	muscles	are	shown	in	red;	relaxed	muscles	in	blue.	Contraction	of	the	diaphragm	generally
contributes	the	most	to	the	expansion	of	the	chest	cavity	(light	blue).	However,	at	the	same	time,	the	intercostal	muscles	pull	the	ribs	upwards	(their	effect	is	indicated	by	arrows)	also	causing	the	rib	cage	to	expand	during	inhalation	(see	diagram	on	other	side	of	the	page).	The	relaxation	of	all	these	muscles	during	exhalation	causes	the	rib	cage	and
abdomen	(light	green)	to	elastically	return	to	their	resting	positions.	Compare	with	Fig.	6,	the	MRI	video	of	the	chest	movements	during	the	breathing	cycle.Fig.	8	The	muscles	of	forceful	breathing	(inhalation	and	exhalation).	The	color	code	is	the	same	as	on	the	left.	In	addition	to	a	more	forceful	and	extensive	contraction	of	the	diaphragm,	the
intercostal	muscles	are	aided	by	the	accessory	muscles	of	inhalation	to	exaggerate	the	movement	of	the	ribs	upwards,	causing	a	greater	expansion	of	the	rib	cage.	During	exhalation,	apart	from	the	relaxation	of	the	muscles	of	inhalation,	the	abdominal	muscles	actively	contract	to	pull	the	lower	edges	of	the	rib	cage	downwards	decreasing	the	volume	of
the	rib	cage,	while	at	the	same	time	pushing	the	diaphragm	upwards	deep	into	the	thorax.	In	mammals,	inhalation	at	rest	is	primarily	due	to	the	contraction	of	the	diaphragm.	This	is	an	upwardly	domed	sheet	of	muscle	that	separates	the	thoracic	cavity	from	the	abdominal	cavity.	When	it	contracts,	the	sheet	flattens,	(i.e.	moves	downwards	as	shown	in
Fig.	7)	increasing	the	volume	of	the	thoracic	cavity	in	the	antero-posterior	axis.	The	contracting	diaphragm	pushes	the	abdominal	organs	downwards.	But	because	the	pelvic	floor	prevents	the	lowermost	abdominal	organs	from	moving	in	that	direction,	the	pliable	abdominal	contents	cause	the	belly	to	bulge	outwards	to	the	front	and	sides,	because	the
relaxed	abdominal	muscles	do	not	resist	this	movement	(Fig.	7).	This	entirely	passive	bulging	(and	shrinking	during	exhalation)	of	the	abdomen	during	normal	breathing	is	sometimes	referred	to	as	"abdominal	breathing",	although	it	is,	in	fact,	"diaphragmatic	breathing",	which	is	not	visible	on	the	outside	of	the	body.	Mammals	only	use	their	abdominal
muscles	during	forceful	exhalation	(see	Fig.	8,	and	discussion	below).	Never	during	any	form	of	inhalation.	As	the	diaphragm	contracts,	the	rib	cage	is	simultaneously	enlarged	by	the	ribs	being	pulled	upwards	by	the	intercostal	muscles	as	shown	in	Fig.	4.	All	the	ribs	slant	downwards	from	the	rear	to	the	front	(as	shown	in	Fig.	4);	but	the	lowermost	ribs
also	slant	downwards	from	the	midline	outwards	(Fig.	5).	Thus	the	rib	cage's	transverse	diameter	can	be	increased	in	the	same	way	as	the	antero-posterior	diameter	is	increased	by	the	so-called	pump	handle	movement	shown	in	Fig.	4.	The	enlargement	of	the	thoracic	cavity's	vertical	dimension	by	the	contraction	of	the	diaphragm,	and	its	two	horizontal
dimensions	by	the	lifting	of	the	front	and	sides	of	the	ribs,	causes	the	intrathoracic	pressure	to	fall.	The	lungs'	interiors	are	open	to	the	outside	air	and	being	elastic,	therefore	expand	to	fill	the	increased	space,	pleura	fluid	between	double-layered	pleura	covering	of	lungs	helps	in	reducing	friction	while	lungs	expand	and	contract.	The	inflow	of	air	into
the	lungs	occurs	via	the	respiratory	airways	(Fig.	2).	In	a	healthy	person,	these	airways	begin	with	the	nose.[13][14]	(It	is	possible	to	begin	with	the	mouth,	which	is	the	backup	breathing	system.	However,	chronic	mouth	breathing	leads	to,	or	is	a	sign	of,	illness.[15][16][17])	It	ends	in	the	microscopic	dead-end	sacs	called	alveoli,	which	are	always	open,
though	the	diameters	of	the	various	sections	can	be	changed	by	the	sympathetic	and	parasympathetic	nervous	systems.	The	alveolar	air	pressure	is	therefore	always	close	to	atmospheric	air	pressure	(about	100	kPa	at	sea	level)	at	rest,	with	the	pressure	gradients	because	of	lungs	contraction	and	expansion	cause	air	to	move	in	and	out	of	the	lungs
during	breathing	rarely	exceeding	2–3	kPa.[18][19]	During	exhalation,	the	diaphragm	and	intercostal	muscles	relax.	This	returns	the	chest	and	abdomen	to	a	position	determined	by	their	anatomical	elasticity.	This	is	the	"resting	mid-position"	of	the	thorax	and	abdomen	(Fig.	7)	when	the	lungs	contain	their	functional	residual	capacity	of	air	(the	light
blue	area	in	the	right	hand	illustration	of	Fig.	7),	which	in	the	adult	human	has	a	volume	of	about	2.5–3.0	liters	(Fig.	3).[6]	Resting	exhalation	lasts	about	twice	as	long	as	inhalation	because	the	diaphragm	relaxes	passively	more	gently	than	it	contracts	actively	during	inhalation.	Fig.	9	The	changes	in	the	composition	of	the	alveolar	air	during	a	normal
breathing	cycle	at	rest.	The	scale	on	the	left,	and	the	blue	line,	indicate	the	partial	pressures	of	carbon	dioxide	in	kPa,	while	that	on	the	right	and	the	red	line,	indicate	the	partial	pressures	of	oxygen,	also	in	kPa	(to	convert	kPa	into	mm	Hg,	multiply	by	7.5).The	volume	of	air	that	moves	in	or	out	(at	the	nose	or	mouth)	during	a	single	breathing	cycle	is
called	the	tidal	volume.	In	a	resting	adult	human,	it	is	about	500	ml	per	breath.	At	the	end	of	exhalation,	the	airways	contain	about	150	ml	of	alveolar	air	which	is	the	first	air	that	is	breathed	back	into	the	alveoli	during	inhalation.[10][20]	This	volume	air	that	is	breathed	out	of	the	alveoli	and	back	in	again	is	known	as	dead	space	ventilation,	which	has
the	consequence	that	of	the	500	ml	breathed	into	the	alveoli	with	each	breath	only	350	ml	(500	ml	–	150	ml	=	350	ml)	is	fresh	warm	and	moistened	air.[6]	Since	this	350	ml	of	fresh	air	is	thoroughly	mixed	and	diluted	by	the	air	that	remains	in	the	alveoli	after	a	normal	exhalation	(i.e.	the	functional	residual	capacity	of	about	2.5–3.0	liters),	it	is	clear	that
the	composition	of	the	alveolar	air	changes	very	little	during	the	breathing	cycle	(see	Fig.	9).	The	oxygen	tension	(or	partial	pressure)	remains	close	to	13–14	kPa	(about	100	mm	Hg),	and	that	of	carbon	dioxide	very	close	to	5.3	kPa	(or	40	mm	Hg).	This	contrasts	with	composition	of	the	dry	outside	air	at	sea	level,	where	the	partial	pressure	of	oxygen	is
21	kPa	(or	160	mm	Hg)	and	that	of	carbon	dioxide	0.04	kPa	(or	0.3	mmHg).[6]	During	heavy	breathing	(hyperpnea),	as,	for	instance,	during	exercise,	inhalation	is	brought	about	by	a	more	powerful	and	greater	excursion	of	the	contracting	diaphragm	than	at	rest	(Fig.	8).	In	addition,	the	"accessory	muscles	of	inhalation"	exaggerate	the	actions	of	the
intercostal	muscles	(Fig.	8).	These	accessory	muscles	of	inhalation	are	muscles	that	extend	from	the	cervical	vertebrae	and	base	of	the	skull	to	the	upper	ribs	and	sternum,	sometimes	through	an	intermediary	attachment	to	the	clavicles.[6]	When	they	contract,	the	rib	cage's	internal	volume	is	increased	to	a	far	greater	extent	than	can	be	achieved	by
contraction	of	the	intercostal	muscles	alone.	Seen	from	outside	the	body,	the	lifting	of	the	clavicles	during	strenuous	or	labored	inhalation	is	sometimes	called	clavicular	breathing,	seen	especially	during	asthma	attacks	and	in	people	with	chronic	obstructive	pulmonary	disease.	During	heavy	breathing,	exhalation	is	caused	by	relaxation	of	all	the	muscles
of	inhalation.	But	now,	the	abdominal	muscles,	instead	of	remaining	relaxed	(as	they	do	at	rest),	contract	forcibly	pulling	the	lower	edges	of	the	rib	cage	downwards	(front	and	sides)	(Fig.	8).	This	not	only	drastically	decreases	the	size	of	the	rib	cage,	but	also	pushes	the	abdominal	organs	upwards	against	the	diaphragm	which	consequently	bulges	deeply
into	the	thorax	(Fig.	8).	The	end-exhalatory	lung	volume	is	now	well	below	the	resting	mid-position	and	contains	far	less	air	than	the	resting	"functional	residual	capacity".	However,	in	a	normal	mammal,	the	lungs	cannot	be	emptied	completely.	In	an	adult	human,	there	is	always	still	at	least	1	liter	of	residual	air	left	in	the	lungs	after	maximum
exhalation.[6]	The	automatic	rhythmical	breathing	in	and	out,	can	be	interrupted	by	coughing,	sneezing	(forms	of	very	forceful	exhalation),	by	the	expression	of	a	wide	range	of	emotions	(laughing,	sighing,	crying	out	in	pain,	exasperated	intakes	of	breath)	and	by	such	voluntary	acts	as	speech,	singing,	whistling	and	the	playing	of	wind	instruments.	All	of
these	actions	rely	on	the	muscles	described	above,	and	their	effects	on	the	movement	of	air	in	and	out	of	the	lungs.	Although	not	a	form	of	breathing,	the	Valsalva	maneuver	involves	the	respiratory	muscles.	It	is,	in	fact,	a	very	forceful	exhalatory	effort	against	a	tightly	closed	glottis,	so	that	no	air	can	escape	from	the	lungs.[21]	Instead,	abdominal
contents	are	evacuated	in	the	opposite	direction,	through	orifices	in	the	pelvic	floor.	The	abdominal	muscles	contract	very	powerfully,	causing	the	pressure	inside	the	abdomen	and	thorax	to	rise	to	extremely	high	levels.	The	Valsalva	maneuver	can	be	carried	out	voluntarily	but	is	more	generally	a	reflex	elicited	when	attempting	to	empty	the	abdomen
during,	for	instance,	difficult	defecation,	or	during	childbirth.	Breathing	ceases	during	this	maneuver.	Main	article:	Gas	exchange	Mechanism	of	gas	exchangeFig.	11	A	highly	diagrammatic	illustration	of	the	process	of	gas	exchange	in	the	mammalian	lungs,	emphasizing	the	differences	between	the	gas	compositions	of	the	ambient	air,	the	alveolar	air
(light	blue)	with	which	the	pulmonary	capillary	blood	equilibrates,	and	the	blood	gas	tensions	in	the	pulmonary	arterial	(blue	blood	entering	the	lung	on	the	left)	and	venous	blood	(red	blood	leaving	the	lung	on	the	right).	All	the	gas	tensions	are	in	kPa.	To	convert	to	mm	Hg,	multiply	by	7.5.Fig.	12	A	diagrammatic	histological	cross-section	through	a
portion	of	lung	tissue	showing	a	normally	inflated	alveolus	(at	the	end	of	a	normal	exhalation),	and	its	walls	containing	the	pulmonary	capillaries	(shown	in	cross-section).	This	illustrates	how	the	pulmonary	capillary	blood	is	completely	surrounded	by	alveolar	air.	In	a	normal	human	lung,	all	the	alveoli	together	contain	about	3	liters	of	alveolar	air.	All	the
pulmonary	capillaries	contain	about	100	ml	of	blood.	Fig.	10	A	histological	cross-section	through	an	alveolar	wall	showing	the	layers	through	which	the	gases	have	to	move	between	the	blood	plasma	and	the	alveolar	air.	The	dark	blue	objects	are	the	nuclei	of	the	capillary	endothelial	and	alveolar	type	I	epithelial	cells	(or	type	1	pneumocytes).	The	two
red	objects	labeled	"RBC"	are	red	blood	cells	in	the	pulmonary	capillary	blood.	The	primary	purpose	of	the	respiratory	system	is	the	equalizing	of	the	partial	pressures	of	the	respiratory	gases	in	the	alveolar	air	with	those	in	the	pulmonary	capillary	blood	(Fig.	11).	This	process	occurs	by	simple	diffusion,[22]	across	a	very	thin	membrane	(known	as	the
blood–air	barrier),	which	forms	the	walls	of	the	pulmonary	alveoli	(Fig.	10).	It	consists	of	the	alveolar	epithelial	cells,	their	basement	membranes	and	the	endothelial	cells	of	the	alveolar	capillaries	(Fig.	10).[23]	This	blood	gas	barrier	is	extremely	thin	(in	humans,	on	average,	2.2	μm	thick).	It	is	folded	into	about	300	million	small	air	sacs	called	alveoli[23]
(each	between	75	and	300	μm	in	diameter)	branching	off	from	the	respiratory	bronchioles	in	the	lungs,	thus	providing	an	extremely	large	surface	area	(approximately	145	m2)	for	gas	exchange	to	occur.[23]	The	air	contained	within	the	alveoli	has	a	semi-permanent	volume	of	about	2.5–3.0	liters	which	completely	surrounds	the	alveolar	capillary	blood
(Fig.	12).	This	ensures	that	equilibration	of	the	partial	pressures	of	the	gases	in	the	two	compartments	is	very	efficient	and	occurs	very	quickly.	The	blood	leaving	the	alveolar	capillaries	and	is	eventually	distributed	throughout	the	body	therefore	has	a	partial	pressure	of	oxygen	of	13–14	kPa	(100	mmHg),	and	a	partial	pressure	of	carbon	dioxide	of
5.3	kPa	(40	mmHg)	(i.e.	the	same	as	the	oxygen	and	carbon	dioxide	gas	tensions	as	in	the	alveoli).[6]	As	mentioned	in	the	section	above,	the	corresponding	partial	pressures	of	oxygen	and	carbon	dioxide	in	the	ambient	(dry)	air	at	sea	level	are	21	kPa	(160	mmHg)	and	0.04	kPa	(0.3	mmHg)	respectively.[6]	This	marked	difference	between	the	composition
of	the	alveolar	air	and	that	of	the	ambient	air	can	be	maintained	because	the	functional	residual	capacity	is	contained	in	dead-end	sacs	connected	to	the	outside	air	by	fairly	narrow	and	relatively	long	tubes	(the	airways:	nose,	pharynx,	larynx,	trachea,	bronchi	and	their	branches	down	to	the	bronchioles),	through	which	the	air	has	to	be	breathed	both	in
and	out	(i.e.	there	is	no	unidirectional	through-flow	as	there	is	in	the	bird	lung).	This	typical	mammalian	anatomy	combined	with	the	fact	that	the	lungs	are	not	emptied	and	re-inflated	with	each	breath	(leaving	a	substantial	volume	of	air,	of	about	2.5–3.0	liters,	in	the	alveoli	after	exhalation),	ensures	that	the	composition	of	the	alveolar	air	is	only
minimally	disturbed	when	the	350	ml	of	fresh	air	is	mixed	into	it	with	each	inhalation.	Thus	the	animal	is	provided	with	a	very	special	"portable	atmosphere",	whose	composition	differs	significantly	from	the	present-day	ambient	air.[24]	It	is	this	portable	atmosphere	(the	functional	residual	capacity)	to	which	the	blood	and	therefore	the	body	tissues	are
exposed	–	not	to	the	outside	air.	The	resulting	arterial	partial	pressures	of	oxygen	and	carbon	dioxide	are	homeostatically	controlled.	A	rise	in	the	arterial	partial	pressure	of	CO2	and,	to	a	lesser	extent,	a	fall	in	the	arterial	partial	pressure	of	O2,	will	reflexly	cause	deeper	and	faster	breathing	until	the	blood	gas	tensions	in	the	lungs,	and	therefore	the
arterial	blood,	return	to	normal.	The	converse	happens	when	the	carbon	dioxide	tension	falls,	or,	again	to	a	lesser	extent,	the	oxygen	tension	rises:	the	rate	and	depth	of	breathing	are	reduced	until	blood	gas	normality	is	restored.	Since	the	blood	arriving	in	the	alveolar	capillaries	has	a	partial	pressure	of	O2	of,	on	average,	6	kPa	(45	mmHg),	while	the
pressure	in	the	alveolar	air	is	13–14	kPa	(100	mmHg),	there	will	be	a	net	diffusion	of	oxygen	into	the	capillary	blood,	changing	the	composition	of	the	3	liters	of	alveolar	air	slightly.	Similarly,	since	the	blood	arriving	in	the	alveolar	capillaries	has	a	partial	pressure	of	CO2	of	also	about	6	kPa	(45	mmHg),	whereas	that	of	the	alveolar	air	is	5.3	kPa
(40	mmHg),	there	is	a	net	movement	of	carbon	dioxide	out	of	the	capillaries	into	the	alveoli.	The	changes	brought	about	by	these	net	flows	of	individual	gases	into	and	out	of	the	alveolar	air	necessitate	the	replacement	of	about	15%	of	the	alveolar	air	with	ambient	air	every	5	seconds	or	so.	This	is	very	tightly	controlled	by	the	monitoring	of	the	arterial
blood	gases	(which	accurately	reflect	composition	of	the	alveolar	air)	by	the	aortic	and	carotid	bodies,	as	well	as	by	the	blood	gas	and	pH	sensor	on	the	anterior	surface	of	the	medulla	oblongata	in	the	brain.	There	are	also	oxygen	and	carbon	dioxide	sensors	in	the	lungs,	but	they	primarily	determine	the	diameters	of	the	bronchioles	and	pulmonary
capillaries,	and	are	therefore	responsible	for	directing	the	flow	of	air	and	blood	to	different	parts	of	the	lungs.	It	is	only	as	a	result	of	accurately	maintaining	the	composition	of	the	3	liters	of	alveolar	air	that	with	each	breath	some	carbon	dioxide	is	discharged	into	the	atmosphere	and	some	oxygen	is	taken	up	from	the	outside	air.	If	more	carbon	dioxide
than	usual	has	been	lost	by	a	short	period	of	hyperventilation,	respiration	will	be	slowed	down	or	halted	until	the	alveolar	partial	pressure	of	carbon	dioxide	has	returned	to	5.3	kPa	(40	mmHg).	It	is	therefore	strictly	speaking	untrue	that	the	primary	function	of	the	respiratory	system	is	to	rid	the	body	of	carbon	dioxide	"waste".	The	carbon	dioxide	that	is
breathed	out	with	each	breath	could	probably	be	more	correctly	be	seen	as	a	byproduct	of	the	body's	extracellular	fluid	carbon	dioxide	and	pH	homeostats	If	these	homeostats	are	compromised,	then	a	respiratory	acidosis,	or	a	respiratory	alkalosis	will	occur.	In	the	long	run	these	can	be	compensated	by	renal	adjustments	to	the	H+	and	HCO3−
concentrations	in	the	plasma;	but	since	this	takes	time,	the	hyperventilation	syndrome	can,	for	instance,	occur	when	agitation	or	anxiety	cause	a	person	to	breathe	fast	and	deeply	thus	causing	a	distressing	respiratory	alkalosis	through	the	blowing	off	of	too	much	CO2	from	the	blood	into	the	outside	air.[25]	Oxygen	has	a	very	low	solubility	in	water,	and
is	therefore	carried	in	the	blood	loosely	combined	with	hemoglobin.	The	oxygen	is	held	on	the	hemoglobin	by	four	ferrous	iron-containing	heme	groups	per	hemoglobin	molecule.	When	all	the	heme	groups	carry	one	O2	molecule	each	the	blood	is	said	to	be	"saturated"	with	oxygen,	and	no	further	increase	in	the	partial	pressure	of	oxygen	will
meaningfully	increase	the	oxygen	concentration	of	the	blood.	Most	of	the	carbon	dioxide	in	the	blood	is	carried	as	bicarbonate	ions	(HCO3−)	in	the	plasma.	However	the	conversion	of	dissolved	CO2	into	HCO3−	(through	the	addition	of	water)	is	too	slow	for	the	rate	at	which	the	blood	circulates	through	the	tissues	on	the	one	hand,	and	through	alveolar
capillaries	on	the	other.	The	reaction	is	therefore	catalyzed	by	carbonic	anhydrase,	an	enzyme	inside	the	red	blood	cells.[26]	The	reaction	can	go	in	both	directions	depending	on	the	prevailing	partial	pressure	of	CO2.[6]	A	small	amount	of	carbon	dioxide	is	carried	on	the	protein	portion	of	the	hemoglobin	molecules	as	carbamino	groups.	The	total
concentration	of	carbon	dioxide	(in	the	form	of	bicarbonate	ions,	dissolved	CO2,	and	carbamino	groups)	in	arterial	blood	(i.e.	after	it	has	equilibrated	with	the	alveolar	air)	is	about	26	mM	(or	58	ml/100	ml),[27]	compared	to	the	concentration	of	oxygen	in	saturated	arterial	blood	of	about	9	mM	(or	20	ml/100	ml	blood).[6]	Main	article:	Control	of
ventilation	Ventilation	of	the	lungs	in	mammals	occurs	via	the	respiratory	centers	in	the	medulla	oblongata	and	the	pons	of	the	brainstem.[6]	These	areas	form	a	series	of	neural	pathways	which	receive	information	about	the	partial	pressures	of	oxygen	and	carbon	dioxide	in	the	arterial	blood.	This	information	determines	the	average	rate	of	ventilation	of
the	alveoli	of	the	lungs,	to	keep	these	pressures	constant.	The	respiratory	center	does	so	via	motor	nerves	which	activate	the	diaphragm	and	other	muscles	of	respiration.	The	breathing	rate	increases	when	the	partial	pressure	of	carbon	dioxide	in	the	blood	increases.	This	is	detected	by	central	blood	gas	chemoreceptors	on	the	anterior	surface	of	the
medulla	oblongata.[6]	The	aortic	and	carotid	bodies,	are	the	peripheral	blood	gas	chemoreceptors	which	are	particularly	sensitive	to	the	arterial	partial	pressure	of	O2	though	they	also	respond,	but	less	strongly,	to	the	partial	pressure	of	CO2.[6]	At	sea	level,	under	normal	circumstances,	the	breathing	rate	and	depth,	is	determined	primarily	by	the
arterial	partial	pressure	of	carbon	dioxide	rather	than	by	the	arterial	partial	pressure	of	oxygen,	which	is	allowed	to	vary	within	a	fairly	wide	range	before	the	respiratory	centers	in	the	medulla	oblongata	and	pons	respond	to	it	to	change	the	rate	and	depth	of	breathing.[6]	Exercise	increases	the	breathing	rate	due	to	the	extra	carbon	dioxide	produced
by	the	enhanced	metabolism	of	the	exercising	muscles.[28]	In	addition,	passive	movements	of	the	limbs	also	reflexively	produce	an	increase	in	the	breathing	rate.[6][28]	Information	received	from	stretch	receptors	in	the	lungs'	limits	tidal	volume	(the	depth	of	inhalation	and	exhalation).	The	alveoli	are	open	(via	the	airways)	to	the	atmosphere,	with	the
result	that	alveolar	air	pressure	is	exactly	the	same	as	the	ambient	air	pressure	at	sea	level,	at	altitude,	or	in	any	artificial	atmosphere	(e.g.	a	diving	chamber,	or	decompression	chamber)	in	which	the	individual	is	breathing	freely.	With	expansion	of	the	lungs	the	alveolar	air	occupies	a	larger	volume,	and	its	pressure	falls	proportionally,	causing	air	to
flow	in	through	the	airways,	until	the	pressure	in	the	alveoli	is	again	at	the	ambient	air	pressure.	The	reverse	happens	during	exhalation.	This	process	(of	inhalation	and	exhalation)	is	exactly	the	same	at	sea	level,	as	on	top	of	Mt.	Everest,	or	in	a	diving	chamber	or	decompression	chamber.	Fig.	14	A	graph	showing	the	relationship	between	total
atmospheric	pressure	and	altitude	above	sea	level	However,	as	one	rises	above	sea	level	the	density	of	the	air	decreases	exponentially	(see	Fig.	14),	halving	approximately	with	every	5500	m	rise	in	altitude.[29]	Since	the	composition	of	the	atmospheric	air	is	almost	constant	below	80	km,	as	a	result	of	the	continuous	mixing	effect	of	the	weather,	the
concentration	of	oxygen	in	the	air	(mmols	O2	per	liter	of	ambient	air)	decreases	at	the	same	rate	as	the	fall	in	air	pressure	with	altitude.[30]	Therefore,	in	order	to	breathe	in	the	same	amount	of	oxygen	per	minute,	the	person	has	to	inhale	a	proportionately	greater	volume	of	air	per	minute	at	altitude	than	at	sea	level.	This	is	achieved	by	breathing
deeper	and	faster	(i.e.	hyperpnea)	than	at	sea	level	(see	below).	Fig.	13	Aerial	photo	of	Mount	Everest	from	the	south,	behind	Nuptse	and	Lhotse	There	is,	however,	a	complication	that	increases	the	volume	of	air	that	needs	to	be	inhaled	per	minute	(respiratory	minute	volume)	to	provide	the	same	amount	of	oxygen	to	the	lungs	at	altitude	as	at	sea	level.
During	inhalation,	the	air	is	warmed	and	saturated	with	water	vapor	during	its	passage	through	the	nose	passages	and	pharynx.	Saturated	water	vapor	pressure	is	dependent	only	on	temperature.	At	a	body	core	temperature	of	37	°C	it	is	6.3	kPa	(47.0	mmHg),	irrespective	of	any	other	influences,	including	altitude.[31]	Thus	at	sea	level,	where	the
ambient	atmospheric	pressure	is	about	100	kPa,	the	moistened	air	that	flows	into	the	lungs	from	the	trachea	consists	of	water	vapor	(6.3	kPa),	nitrogen	(74.0	kPa),	oxygen	(19.7	kPa)	and	trace	amounts	of	carbon	dioxide	and	other	gases	(a	total	of	100	kPa).	In	dry	air	the	partial	pressure	of	O2	at	sea	level	is	21.0	kPa	(i.e.	21%	of	100	kPa),	compared	to	the
19.7	kPa	of	oxygen	entering	the	alveolar	air.	(The	tracheal	partial	pressure	of	oxygen	is	21%	of	[100	kPa	–	6.3	kPa]	=	19.7	kPa).	At	the	summit	of	Mt.	Everest	(at	an	altitude	of	8,848	m	or	29,029	ft),	the	total	atmospheric	pressure	is	33.7	kPa,	of	which	7.1	kPa	(or	21%)	is	oxygen.[29]	The	air	entering	the	lungs	also	has	a	total	pressure	of	33.7	kPa,	of	which
6.3	kPa	is,	unavoidably,	water	vapor	(as	it	is	at	sea	level).	This	reduces	the	partial	pressure	of	oxygen	entering	the	alveoli	to	5.8	kPa	(or	21%	of	[33.7	kPa	–	6.3	kPa]	=	5.8	kPa).	The	reduction	in	the	partial	pressure	of	oxygen	in	the	inhaled	air	is	therefore	substantially	greater	than	the	reduction	of	the	total	atmospheric	pressure	at	altitude	would	suggest
(on	Mt	Everest:	5.8	kPa	vs.	7.1	kPa).	A	further	minor	complication	exists	at	altitude.	If	the	volume	of	the	lungs	were	to	be	instantaneously	doubled	at	the	beginning	of	inhalation,	the	air	pressure	inside	the	lungs	would	be	halved.	This	happens	regardless	of	altitude.	Thus,	halving	of	the	sea	level	air	pressure	(100	kPa)	results	in	an	intrapulmonary	air
pressure	of	50	kPa.	Doing	the	same	at	5500	m,	where	the	atmospheric	pressure	is	only	50	kPa,	the	intrapulmonary	air	pressure	falls	to	25	kPa.	Therefore,	the	same	change	in	lung	volume	at	sea	level	results	in	a	50	kPa	difference	in	pressure	between	the	ambient	air	and	the	intrapulmonary	air,	whereas	it	result	in	a	difference	of	only	25	kPa	at	5500	m.
The	driving	pressure	forcing	air	into	the	lungs	during	inhalation	is	therefore	halved	at	this	altitude.	The	rate	of	inflow	of	air	into	the	lungs	during	inhalation	at	sea	level	is	therefore	twice	that	which	occurs	at	5500	m.	However,	in	reality,	inhalation	and	exhalation	occur	far	more	gently	and	less	abruptly	than	in	the	example	given.	The	differences	between
the	atmospheric	and	intrapulmonary	pressures,	driving	air	in	and	out	of	the	lungs	during	the	breathing	cycle,	are	in	the	region	of	only	2–3	kPa.[18][19]	A	doubling	or	more	of	these	small	pressure	differences	could	be	achieved	only	by	very	major	changes	in	the	breathing	effort	at	high	altitudes.	All	of	the	above	influences	of	low	atmospheric	pressures	on
breathing	are	accommodated	primarily	by	breathing	deeper	and	faster	(hyperpnea).	The	exact	degree	of	hyperpnea	is	determined	by	the	blood	gas	homeostat,	which	regulates	the	partial	pressures	of	oxygen	and	carbon	dioxide	in	the	arterial	blood.	This	homeostat	prioritizes	the	regulation	of	the	arterial	partial	pressure	of	carbon	dioxide	over	that	of
oxygen	at	sea	level.[6]	That	is	to	say,	at	sea	level	the	arterial	partial	pressure	of	CO2	is	maintained	at	very	close	to	5.3	kPa	(or	40	mmHg)	under	a	wide	range	of	circumstances,	at	the	expense	of	the	arterial	partial	pressure	of	O2,	which	is	allowed	to	vary	within	a	very	wide	range	of	values,	before	eliciting	a	corrective	ventilatory	response.	However,	when
the	atmospheric	pressure	(and	therefore	the	partial	pressure	of	O2	in	the	ambient	air)	falls	to	below	50–75%	of	its	value	at	sea	level,	oxygen	homeostasis	is	given	priority	over	carbon	dioxide	homeostasis.[6]	This	switch-over	occurs	at	an	elevation	of	about	2500	m	(or	about	8000	ft).	If	this	switch	occurs	relatively	abruptly,	the	hyperpnea	at	high	altitude
will	cause	a	severe	fall	in	the	arterial	partial	pressure	of	carbon	dioxide,	with	a	consequent	rise	in	the	pH	of	the	arterial	plasma.	This	is	one	contributor	to	high	altitude	sickness.	On	the	other	hand,	if	the	switch	to	oxygen	homeostasis	is	incomplete,	then	hypoxia	may	complicate	the	clinical	picture	with	potentially	fatal	results.	There	are	oxygen	sensors	in
the	smaller	bronchi	and	bronchioles.	In	response	to	low	partial	pressures	of	oxygen	in	the	inhaled	air	these	sensors	reflexively	cause	the	pulmonary	arterioles	to	constrict.[32]	(This	is	the	exact	opposite	of	the	corresponding	reflex	in	the	tissues,	where	low	arterial	partial	pressures	of	O2	cause	arteriolar	vasodilation.)	At	altitude	this	causes	the	pulmonary
arterial	pressure	to	rise	resulting	in	a	much	more	even	distribution	of	blood	flow	to	the	lungs	than	occurs	at	sea	level.	At	sea	level,	the	pulmonary	arterial	pressure	is	very	low,	with	the	result	that	the	tops	of	the	lungs	receive	far	less	blood	than	the	bases,	which	are	relatively	over-perfused	with	blood.	It	is	only	in	the	middle	of	the	lungs	that	the	blood	and
air	flow	to	the	alveoli	are	ideally	matched.	At	altitude,	this	variation	in	the	ventilation/perfusion	ratio	of	alveoli	from	the	tops	of	the	lungs	to	the	bottoms	is	eliminated,	with	all	the	alveoli	perfused	and	ventilated	in	more	or	less	the	physiologically	ideal	manner.	This	is	a	further	important	contributor	to	the	acclimatatization	to	high	altitudes	and	low	oxygen
pressures.	The	kidneys	measure	the	oxygen	content	(mmol	O2/liter	blood,	rather	than	the	partial	pressure	of	O2)	of	the	arterial	blood.	When	the	oxygen	content	of	the	blood	is	chronically	low,	as	at	high	altitude,	the	oxygen-sensitive	kidney	cells	secrete	erythropoietin	(EPO)	into	the	blood.[33][34]	This	hormone	stimulates	the	red	bone	marrow	to
increase	its	rate	of	red	cell	production,	which	leads	to	an	increase	in	the	hematocrit	of	the	blood,	and	a	consequent	increase	in	its	oxygen	carrying	capacity	(due	to	the	now	high	hemoglobin	content	of	the	blood).	In	other	words,	at	the	same	arterial	partial	pressure	of	O2,	a	person	with	a	high	hematocrit	carries	more	oxygen	per	liter	of	blood	than	a
person	with	a	lower	hematocrit	does.	High	altitude	dwellers	therefore	have	higher	hematocrits	than	sea-level	residents.[34][35]	Irritation	of	nerve	endings	within	the	nasal	passages	or	airways,	can	induce	a	cough	reflex	and	sneezing.	These	responses	cause	air	to	be	expelled	forcefully	from	the	trachea	or	nose,	respectively.	In	this	manner,	irritants
caught	in	the	mucus	which	lines	the	respiratory	tract	are	expelled	or	moved	to	the	mouth	where	they	can	be	swallowed.[6]	During	coughing,	contraction	of	the	smooth	muscle	in	the	airway	walls	narrows	the	trachea	by	pulling	the	ends	of	the	cartilage	plates	together	and	by	pushing	soft	tissue	into	the	lumen.	This	increases	the	expired	airflow	rate	to
dislodge	and	remove	any	irritant	particle	or	mucus.	Respiratory	epithelium	can	secrete	a	variety	of	molecules	that	aid	in	the	defense	of	the	lungs.	These	include	secretory	immunoglobulins	(IgA),	collectins,	defensins	and	other	peptides	and	proteases,	reactive	oxygen	species,	and	reactive	nitrogen	species.	These	secretions	can	act	directly	as
antimicrobials	to	help	keep	the	airway	free	of	infection.	A	variety	of	chemokines	and	cytokines	are	also	secreted	that	recruit	the	traditional	immune	cells	and	others	to	the	site	of	infections.	Surfactant	immune	function	is	primarily	attributed	to	two	proteins:	SP-A	and	SP-D.	These	proteins	can	bind	to	sugars	on	the	surface	of	pathogens	and	thereby
opsonize	them	for	uptake	by	phagocytes.	It	also	regulates	inflammatory	responses	and	interacts	with	the	adaptive	immune	response.	Surfactant	degradation	or	inactivation	may	contribute	to	enhanced	susceptibility	to	lung	inflammation	and	infection.[36]	Most	of	the	respiratory	system	is	lined	with	mucous	membranes	that	contain	mucosa-associated
lymphoid	tissue,	which	produces	white	blood	cells	such	as	lymphocytes.	Main	article:	Pulmonary	surfactant	The	lungs	make	a	surfactant,	a	surface-active	lipoprotein	complex	(phospholipoprotein)	formed	by	type	II	alveolar	cells.	It	floats	on	the	surface	of	the	thin	watery	layer	which	lines	the	insides	of	the	alveoli,	reducing	the	water's	surface	tension.	The
surface	tension	of	a	watery	surface	(the	water-air	interface)	tends	to	make	that	surface	shrink.[6]	When	that	surface	is	curved	as	it	is	in	the	alveoli	of	the	lungs,	the	shrinkage	of	the	surface	decreases	the	diameter	of	the	alveoli.	The	more	acute	the	curvature	of	the	water-air	interface	the	greater	the	tendency	for	the	alveolus	to	collapse.[6]	This	has	three
effects.	Firstly,	the	surface	tension	inside	the	alveoli	resists	expansion	of	the	alveoli	during	inhalation	(i.e.	it	makes	the	lung	stiff,	or	non-compliant).	Surfactant	reduces	the	surface	tension	and	therefore	makes	the	lungs	more	compliant,	or	less	stiff,	than	if	it	were	not	there.	Secondly,	the	diameters	of	the	alveoli	increase	and	decrease	during	the
breathing	cycle.	This	means	that	the	alveoli	have	a	greater	tendency	to	collapse	(i.e.	cause	atelectasis)	at	the	end	of	exhalation	than	at	the	end	of	inhalation.	Since	surfactant	floats	on	the	watery	surface,	its	molecules	are	more	tightly	packed	together	when	the	alveoli	shrink	during	exhalation.[6]	This	causes	them	to	have	a	greater	surface	tension-
lowering	effect	when	the	alveoli	are	small	than	when	they	are	large	(as	at	the	end	of	inhalation,	when	the	surfactant	molecules	are	more	widely	spaced).	The	tendency	for	the	alveoli	to	collapse	is	therefore	almost	the	same	at	the	end	of	exhalation	as	at	the	end	of	inhalation.	Thirdly,	the	surface	tension	of	the	curved	watery	layer	lining	the	alveoli	tends	to
draw	water	from	the	lung	tissues	into	the	alveoli.	Surfactant	reduces	this	danger	to	negligible	levels,	and	keeps	the	alveoli	dry.[6][37]	Pre-term	babies	who	are	unable	to	manufacture	surfactant	have	lungs	that	tend	to	collapse	each	time	they	breathe	out.	Unless	treated,	this	condition,	called	respiratory	distress	syndrome,	is	fatal.	Basic	scientific
experiments,	carried	out	using	cells	from	chicken	lungs,	support	the	potential	for	using	steroids	as	a	means	of	furthering	the	development	of	type	II	alveolar	cells.[38]	In	fact,	once	a	premature	birth	is	threatened,	every	effort	is	made	to	delay	the	birth,	and	a	series	of	steroid	injections	is	frequently	administered	to	the	mother	during	this	delay	in	an	effort
to	promote	lung	maturation.[39]	The	lung	vessels	contain	a	fibrinolytic	system	that	dissolves	clots	that	may	have	arrived	in	the	pulmonary	circulation	by	embolism,	often	from	the	deep	veins	in	the	legs.	They	also	release	a	variety	of	substances	that	enter	the	systemic	arterial	blood,	and	they	remove	other	substances	from	the	systemic	venous	blood	that
reach	them	via	the	pulmonary	artery.	Some	prostaglandins	are	removed	from	the	circulation,	while	others	are	synthesized	in	the	lungs	and	released	into	the	blood	when	lung	tissue	is	stretched.	The	lungs	activate	one	hormone.	The	physiologically	inactive	decapeptide	angiotensin	I	is	converted	to	the	aldosterone-releasing	octapeptide,	angiotensin	II,	in
the	pulmonary	circulation.	The	reaction	occurs	in	other	tissues	as	well,	but	it	is	particularly	prominent	in	the	lungs.	Angiotensin	II	also	has	a	direct	effect	on	arteriolar	walls,	causing	arteriolar	vasoconstriction,	and	consequently	a	rise	in	arterial	blood	pressure.[40]	Large	amounts	of	the	angiotensin-converting	enzyme	responsible	for	this	activation	are
located	on	the	surfaces	of	the	endothelial	cells	of	the	alveolar	capillaries.	The	converting	enzyme	also	inactivates	bradykinin.	Circulation	time	through	the	alveolar	capillaries	is	less	than	one	second,	yet	70%	of	the	angiotensin	I	reaching	the	lungs	is	converted	to	angiotensin	II	in	a	single	trip	through	the	capillaries.	Four	other	peptidases	have	been
identified	on	the	surface	of	the	pulmonary	endothelial	cells.	The	movement	of	gas	through	the	larynx,	pharynx	and	mouth	allows	humans	to	speak,	or	phonate.	Vocalization,	or	singing,	in	birds	occurs	via	the	syrinx,	an	organ	located	at	the	base	of	the	trachea.	The	vibration	of	air	flowing	across	the	larynx	(vocal	cords),	in	humans,	and	the	syrinx,	in	birds,
results	in	sound.	Because	of	this,	gas	movement	is	vital	for	communication	purposes.	Panting	in	dogs,	cats,	birds	and	some	other	animals	provides	a	means	of	reducing	body	temperature,	by	evaporating	saliva	in	the	mouth	(instead	of	evaporating	sweat	on	the	skin).	Disorders	of	the	respiratory	system	can	be	classified	into	several	general	groups:	Airway
obstructive	conditions	(e.g.,	emphysema,	bronchitis,	asthma)	Pulmonary	restrictive	conditions	(e.g.,	fibrosis,	sarcoidosis,	alveolar	damage,	pleural	effusion)	Vascular	diseases	(e.g.,	pulmonary	edema,	pulmonary	embolism,	pulmonary	hypertension)	Infectious,	environmental	and	other	"diseases"	(e.g.,	pneumonia,	tuberculosis,	asbestosis,	particulate
pollutants)	Primary	cancers	(e.g.	bronchial	carcinoma,	mesothelioma)	Secondary	cancers	(e.g.	cancers	that	originated	elsewhere	in	the	body,	but	have	seeded	themselves	in	the	lungs)	Insufficient	surfactant	(e.g.	respiratory	distress	syndrome	in	pre-term	babies)	.	Disorders	of	the	respiratory	system	are	usually	treated	by	a	pulmonologist	and	respiratory
therapist.	Where	there	is	an	inability	to	breathe	or	insufficiency	in	breathing,	a	medical	ventilator	may	be	used.	This	section	is	an	excerpt	from	Cetacea	§	Respiration.[edit]	Cetaceans	have	lungs,	which	means	that	they	breathe	air.	An	individual	can	last	without	a	breath	from	a	few	minutes	to	over	two	hours	depending	on	the	species.	Whales	are
deliberate	breathers:	they	must	be	awake	to	inhale	and	exhale.	When	stale	air,	warmed	from	the	lungs,	is	exhaled,	it	condenses	as	it	meets	colder	external	air.	As	with	a	terrestrial	mammal	breathing	out	on	a	cold	day,	a	small	cloud	of	'steam'	appears.	This	is	called	the	'spout'	and	varies	across	species	in	shape,	angle	and	height.	Species	can	be	identified
at	a	distance	using	this	characteristic.	The	structure	of	the	respiratory	and	circulatory	systems	is	of	particular	importance	for	the	life	of	marine	mammals.	The	oxygen	balance	is	effective.	Each	breath	can	replace	up	to	90%	of	the	total	lung	volume.	For	land	mammals,	in	comparison,	this	value	is	usually	about	15%.	During	inhalation,	about	twice	as	much
oxygen	is	absorbed	by	the	lung	tissue	as	in	a	land	mammal.	As	with	all	mammals,	the	oxygen	is	stored	in	the	blood	and	the	lungs,	but	in	cetaceans,	it	is	also	stored	in	various	tissues,	mainly	in	the	muscles.	Here,	this	happens	through	the	muscle	pigment,	myoglobin,	provides	an	effective	bond.	This	additional	oxygen	storage	is	vital	for	deep	diving,	since
beyond	a	depth	around	100	m	(330	ft),	the	lung	tissue	is	almost	completely	compressed	by	the	water	pressure.	Main	article:	Respiratory	system	of	the	horse	Horses	are	obligate	nasal	breathers	which	means	that	they	are	different	from	many	other	mammals	because	they	do	not	have	the	option	of	breathing	through	their	mouths	and	must	take	in	air
through	their	noses.	A	flap	of	tissue	called	the	soft	palate	blocks	off	the	pharynx	from	the	mouth	(oral	cavity)	of	the	horse,	except	when	swallowing.	This	helps	to	prevent	the	horse	from	inhaling	food,	but	does	not	allow	use	of	the	mouth	to	breathe	when	in	respiratory	distress,	a	horse	can	only	breathe	through	its	nostrils.[citation	needed]	The	elephant	is
the	only	mammal	known	to	have	no	pleural	space.	Instead,	the	parietal	and	visceral	pleura	are	both	composed	of	dense	connective	tissue	and	joined	to	each	other	via	loose	connective	tissue.[41]	This	lack	of	a	pleural	space,	along	with	an	unusually	thick	diaphragm,	are	thought	to	be	evolutionary	adaptations	allowing	the	elephant	to	remain	underwater
for	long	periods	while	breathing	through	its	trunk	which	emerges	as	a	snorkel.[42]	In	the	elephant	the	lungs	are	attached	to	the	diaphragm	and	breathing	relies	mainly	on	the	diaphragm	rather	than	the	expansion	of	the	ribcage.[43]	See	also:	Bird	anatomy	§	Respiratory	system	Fig.	15	The	arrangement	of	the	air	sacs	and	lungs	in	birds	Fig.	16	The
anatomy	of	bird's	respiratory	system,	showing	the	relationships	of	the	trachea,	primary	and	intra-pulmonary	bronchi,	the	dorso-	and	ventro-bronchi,	with	the	parabronchi	running	between	the	two.	The	posterior	and	anterior	air	sacs	are	also	indicated,	but	not	to	scale.	Fig.	17	A	dove	skeleton,	showing	the	movement	of	the	chest	during	inhalation.	Arrow
1	indicates	the	movement	of	the	vertebral	ribs.	Arrow	2	shows	the	consequent	movement	of	the	sternum	(and	its	keel).	The	two	movements	increase	the	vertical	and	transverse	diameters	of	the	chest	portion	of	the	trunk	of	the	bird.	Key:	1.	skull;	2.	cervical	vertebrae;	3.	furcula;	4.	coracoid;	5.	vertebral	ribs;	6.	sternum	and	its	keel;	7.	patella;	8.	tarsus;	9.
digits;	10.	tibia	(tibiotarsus);	11.	fibula	(tibiotarsus);	12.	femur;	13.	ischium	(innominate);	14.	pubis	(innominate);	15.	ilium	(innominate);	16.	caudal	vertebrae;	17.	pygostyle;	18.	synsacrum;	19.	scapula;	20.	dorsal	vertebrae;	21.	humerus;	22.	ulna;	23.	radius;	24.	carpus	(carpometacarpus);	25.	metacarpus	(carpometacarpus);	26.	digits;	27.	alula	The
respiratory	system	of	birds	differs	significantly	from	that	found	in	mammals.	Firstly,	they	have	rigid	lungs	which	do	not	expand	and	contract	during	the	breathing	cycle.	Instead	an	extensive	system	of	air	sacs	(Fig.	15)	distributed	throughout	their	bodies	act	as	the	bellows	drawing	environmental	air	into	the	sacs,	and	expelling	the	spent	air	after	it	has
passed	through	the	lungs	(Fig.	18).[44]	Birds	also	do	not	have	diaphragms	or	pleural	cavities.	Bird	lungs	are	smaller	than	those	in	mammals	of	comparable	size,	but	the	air	sacs	account	for	15%	of	the	total	body	volume,	compared	to	the	7%	devoted	to	the	alveoli	which	act	as	the	bellows	in	mammals.[45]	Inhalation	and	exhalation	are	brought	about	by
alternately	increasing	and	decreasing	the	volume	of	the	entire	thoraco-abdominal	cavity	(or	coelom)	using	both	their	abdominal	and	costal	muscles.[46][47][48]	During	inhalation	the	muscles	attached	to	the	vertebral	ribs	(Fig.	17)	contract	angling	them	forwards	and	outwards.	This	pushes	the	sternal	ribs,	to	which	they	are	attached	at	almost	right
angles,	downwards	and	forwards,	taking	the	sternum	(with	its	prominent	keel)	in	the	same	direction	(Fig.	17).	This	increases	both	the	vertical	and	transverse	diameters	of	thoracic	portion	of	the	trunk.	The	forward	and	downward	movement	of,	particularly,	the	posterior	end	of	the	sternum	pulls	the	abdominal	wall	downwards,	increasing	the	volume	of
that	region	of	the	trunk	as	well.[46]	The	increase	in	volume	of	the	entire	trunk	cavity	reduces	the	air	pressure	in	all	the	thoraco-abdominal	air	sacs,	causing	them	to	fill	with	air	as	described	below.	During	exhalation	the	external	oblique	muscle	which	is	attached	to	the	sternum	and	vertebral	ribs	anteriorly,	and	to	the	pelvis	(pubis	and	ilium	in	Fig.	17)
posteriorly	(forming	part	of	the	abdominal	wall)	reverses	the	inhalatory	movement,	while	compressing	the	abdominal	contents,	thus	increasing	the	pressure	in	all	the	air	sacs.	Air	is	therefore	expelled	from	the	respiratory	system	in	the	act	of	exhalation.[46]	Fig.	19	The	cross-current	respiratory	gas	exchanger	in	the	lungs	of	birds.	Air	is	forced	from	the
air	sacs	unidirectionally	(from	right	to	left	in	the	diagram)	through	the	parabronchi.	The	pulmonary	capillaries	surround	the	parabronchi	in	the	manner	shown	(blood	flowing	from	below	the	parabronchus	to	above	it	in	the	diagram).[46][49]	Blood	or	air	with	a	high	oxygen	content	is	shown	in	red;	oxygen-poor	air	or	blood	is	shown	in	various	shades	of
purple-blue.	During	inhalation	air	enters	the	trachea	via	the	nostrils	and	mouth,	and	continues	to	just	beyond	the	syrinx	at	which	point	the	trachea	branches	into	two	primary	bronchi,	going	to	the	two	lungs	(Fig.	16).	The	primary	bronchi	enter	the	lungs	to	become	the	intrapulmonary	bronchi,	which	give	off	a	set	of	parallel	branches	called	ventrobronchi
and,	a	little	further	on,	an	equivalent	set	of	dorsobronchi	(Fig.	16).[46]	The	ends	of	the	intrapulmonary	bronchi	discharge	air	into	the	posterior	air	sacs	at	the	caudal	end	of	the	bird.	Each	pair	of	dorso-ventrobronchi	is	connected	by	a	large	number	of	parallel	microscopic	air	capillaries	(or	parabronchi)	where	gas	exchange	occurs	(Fig.	16).[46]	As	the	bird
inhales,	tracheal	air	flows	through	the	intrapulmonary	bronchi	into	the	posterior	air	sacs,	as	well	as	into	the	dorsobronchi,	but	not	into	the	ventrobronchi	(Fig.	18).	This	is	due	to	the	bronchial	architecture	which	directs	the	inhaled	air	away	from	the	openings	of	the	ventrobronchi,	into	the	continuation	of	the	intrapulmonary	bronchus	towards	the
dorsobronchi	and	posterior	air	sacs.[50][51][52]	From	the	dorsobronchi	the	inhaled	air	flows	through	the	parabronchi	(and	therefore	the	gas	exchanger)	to	the	ventrobronchi	from	where	the	air	can	only	escape	into	the	expanding	anterior	air	sacs.	So,	during	inhalation,	both	the	posterior	and	anterior	air	sacs	expand,[46]	the	posterior	air	sacs	filling	with
fresh	inhaled	air,	while	the	anterior	air	sacs	fill	with	"spent"	(oxygen-poor)	air	that	has	just	passed	through	the	lungs.	Fig.	18	Inhalation-exhalation	cycle	in	birds	During	exhalation	the	pressure	in	the	posterior	air	sacs	(which	were	filled	with	fresh	air	during	inhalation)	increases	due	to	the	contraction	of	the	oblique	muscle	described	above.	The
aerodynamics	of	the	interconnecting	openings	from	the	posterior	air	sacs	to	the	dorsobronchi	and	intrapulmonary	bronchi	ensures	that	the	air	leaves	these	sacs	in	the	direction	of	the	lungs	(via	the	dorsobronchi),	rather	than	returning	down	the	intrapulmonary	bronchi	(Fig.	18).[50][52]	From	the	dorsobronchi	the	fresh	air	from	the	posterior	air	sacs
flows	through	the	parabronchi	(in	the	same	direction	as	occurred	during	inhalation)	into	ventrobronchi.	The	air	passages	connecting	the	ventrobronchi	and	anterior	air	sacs	to	the	intrapulmonary	bronchi	direct	the	"spent",	oxygen	poor	air	from	these	two	organs	to	the	trachea	from	where	it	escapes	to	the	exterior.[46]	Oxygenated	air	therefore	flows
constantly	(during	the	entire	breathing	cycle)	in	a	single	direction	through	the	parabronchi.[53]	The	blood	flow	through	the	bird	lung	is	at	right	angles	to	the	flow	of	air	through	the	parabronchi,	forming	a	cross-current	flow	exchange	system	(Fig.	19).[44][46][49]	The	partial	pressure	of	oxygen	in	the	parabronchi	declines	along	their	lengths	as	O2
diffuses	into	the	blood.	The	blood	capillaries	leaving	the	exchanger	near	the	entrance	of	airflow	take	up	more	O2	than	do	the	capillaries	leaving	near	the	exit	end	of	the	parabronchi.	When	the	contents	of	all	capillaries	mix,	the	final	partial	pressure	of	oxygen	of	the	mixed	pulmonary	venous	blood	is	higher	than	that	of	the	exhaled	air,[46][49]	but	is
nevertheless	less	than	half	that	of	the	inhaled	air,[46]	thus	achieving	roughly	the	same	systemic	arterial	blood	partial	pressure	of	oxygen	as	mammals	do	with	their	bellows-type	lungs.[46]	The	trachea	is	an	area	of	dead	space:	the	oxygen-poor	air	it	contains	at	the	end	of	exhalation	is	the	first	air	to	re-enter	the	posterior	air	sacs	and	lungs.	In	comparison
to	the	mammalian	respiratory	tract,	the	dead	space	volume	in	a	bird	is,	on	average,	4.5	times	greater	than	it	is	in	mammals	of	the	same	size.[45][46]	Birds	with	long	necks	will	inevitably	have	long	tracheae,	and	must	therefore	take	deeper	breaths	than	mammals	do	to	make	allowances	for	their	greater	dead	space	volumes.	In	some	birds	(e.g.	the
whooper	swan,	Cygnus	cygnus,	the	white	spoonbill,	Platalea	leucorodia,	the	whooping	crane,	Grus	americana,	and	the	helmeted	curassow,	Pauxi	pauxi)	the	trachea,	which	some	cranes	can	be	1.5	m	long,[46]	is	coiled	back	and	forth	within	the	body,	drastically	increasing	the	dead	space	ventilation.[46]	The	purpose	of	this	extraordinary	feature	is
unknown.	Main	article:	Reptile	§	Respiratory	system	Fig.	20	X-ray	video	of	a	female	American	alligator	while	breathing	The	anatomical	structure	of	the	lungs	is	less	complex	in	reptiles	than	in	mammals,	with	reptiles	lacking	the	very	extensive	airway	tree	structure	found	in	mammalian	lungs.	Gas	exchange	in	reptiles	still	occurs	in	alveoli	however.[44]
Reptiles	do	not	possess	a	diaphragm.	Thus,	breathing	occurs	via	a	change	in	the	volume	of	the	body	cavity	which	is	controlled	by	contraction	of	intercostal	muscles	in	all	reptiles	except	turtles.	In	turtles,	contraction	of	specific	pairs	of	flank	muscles	governs	inhalation	and	exhalation.[54]	Main	article:	Amphibian	§	Respiratory	system	Both	the	lungs	and
the	skin	serve	as	respiratory	organs	in	amphibians.	The	ventilation	of	the	lungs	in	amphibians	relies	on	positive	pressure	ventilation.	Muscles	lower	the	floor	of	the	oral	cavity,	enlarging	it	and	drawing	in	air	through	the	nostrils	into	the	oral	cavity.	With	the	nostrils	and	mouth	closed,	the	floor	of	the	oral	cavity	is	then	pushed	up,	which	forces	air	down	the
trachea	into	the	lungs.	The	skin	of	these	animals	is	highly	vascularized	and	moist,	with	moisture	maintained	via	secretion	of	mucus	from	specialised	cells,	and	is	involved	in	cutaneous	respiration.	While	the	lungs	are	of	primary	organs	for	gas	exchange	between	the	blood	and	the	environmental	air	(when	out	of	the	water),	the	skin's	unique	properties	aid
rapid	gas	exchange	when	amphibians	are	submerged	in	oxygen-rich	water.[55]	Some	amphibians	have	gills,	either	in	the	early	stages	of	their	development	(e.g.	tadpoles	of	frogs),	while	others	retain	them	into	adulthood	(e.g.	some	salamanders).[44]	Main	article:	Fish	physiology	§	Respiration	Fig.	21.	The	operculum	or	gill	cover	of	a	pike	has	been	pulled
open	to	expose	the	gill	arches	bearing	filaments.	Fig.	22.	A	comparison	between	the	operations	and	effects	of	a	cocurrent	and	a	countercurrent	flow	exchange	system	is	depicted	by	the	upper	and	lower	diagrams	respectively.	In	both,	it	is	assumed	that	red	has	a	higher	value	(e.g.	of	temperature	or	the	partial	pressure	of	a	gas)	than	blue	and	that	the
property	being	transported	in	the	channels,	therefore,	flows	from	red	to	blue.	In	fish	a	countercurrent	flow	(lower	diagram)	of	blood	and	water	in	the	gills	is	used	to	extract	oxygen	from	the	environment.[56][57][58]	Fig.	23	The	respiratory	mechanism	in	bony	fish.	The	inhalatory	process	is	on	the	left,	the	exhalatory	process	on	the	right.	The	movement	of
water	is	indicated	by	the	blue	arrows.	Oxygen	is	poorly	soluble	in	water.	Fully	aerated	fresh	water	therefore	contains	only	8–10	ml	O2/liter	compared	to	the	O2	concentration	of	210	ml/liter	in	the	air	at	sea	level.[59]	Furthermore,	the	coefficient	of	diffusion	(i.e.	the	rate	at	which	a	substances	diffuses	from	a	region	of	high	concentration	to	one	of	low
concentration,	under	standard	conditions)	of	the	respiratory	gases	is	typically	10,000	faster	in	air	than	in	water.[59]	Thus	oxygen,	for	instance,	has	a	diffusion	coefficient	of	17.6	mm2/s	in	air,	but	only	0.0021	mm2/s	in	water.[60][61][62][63]	The	corresponding	values	for	carbon	dioxide	are	16	mm2/s	in	air	and	0.0016	mm2/s	in	water.[62][63]	This	means
that	when	oxygen	is	taken	up	from	the	water	in	contact	with	a	gas	exchanger,	it	is	replaced	considerably	more	slowly	by	the	oxygen	from	the	oxygen-rich	regions	small	distances	away	from	the	exchanger	than	would	have	occurred	in	air.	Fish	have	developed	gills	deal	with	these	problems.	Gills	are	specialized	organs	containing	filaments,	which	further
divide	into	lamellae.	The	lamellae	contain	a	dense	thin	walled	capillary	network	that	exposes	a	large	gas	exchange	surface	area	to	the	very	large	volumes	of	water	passing	over	them.[64]	Gills	use	a	countercurrent	exchange	system	that	increases	the	efficiency	of	oxygen-uptake	from	the	water.[56][57][58]	Fresh	oxygenated	water	taken	in	through	the
mouth	is	uninterruptedly	"pumped"	through	the	gills	in	one	direction,	while	the	blood	in	the	lamellae	flows	in	the	opposite	direction,	creating	the	countercurrent	blood	and	water	flow	(Fig.	22),	on	which	the	fish's	survival	depends.[58]	Water	is	drawn	in	through	the	mouth	by	closing	the	operculum	(gill	cover),	and	enlarging	the	mouth	cavity	(Fig.	23).
Simultaneously	the	gill	chambers	enlarge,	producing	a	lower	pressure	there	than	in	the	mouth	causing	water	to	flow	over	the	gills.[58]	The	mouth	cavity	then	contracts,	inducing	the	closure	of	the	passive	oral	valves,	thereby	preventing	the	back-flow	of	water	from	the	mouth	(Fig.	23).[58][65]	The	water	in	the	mouth	is,	instead,	forced	over	the	gills,
while	the	gill	chambers	contract	emptying	the	water	they	contain	through	the	opercular	openings	(Fig.	23).	Back-flow	into	the	gill	chamber	during	the	inhalatory	phase	is	prevented	by	a	membrane	along	the	ventroposterior	border	of	the	operculum	(diagram	on	the	left	in	Fig.	23).	Thus	the	mouth	cavity	and	gill	chambers	act	alternately	as	suction	pump
and	pressure	pump	to	maintain	a	steady	flow	of	water	over	the	gills	in	one	direction.[58]	Since	the	blood	in	the	lamellar	capillaries	flows	in	the	opposite	direction	to	that	of	the	water,	the	consequent	countercurrent	flow	of	blood	and	water	maintains	steep	concentration	gradients	for	oxygen	and	carbon	dioxide	along	the	entire	length	of	each	capillary
(lower	diagram	in	Fig.	22).	Oxygen	is,	therefore,	able	to	continually	diffuse	down	its	gradient	into	the	blood,	and	the	carbon	dioxide	down	its	gradient	into	the	water.[57]	Although	countercurrent	exchange	systems	theoretically	allow	an	almost	complete	transfer	of	a	respiratory	gas	from	one	side	of	the	exchanger	to	the	other,	in	fish	less	than	80%	of	the
oxygen	in	the	water	flowing	over	the	gills	is	generally	transferred	to	the	blood.[56]	In	certain	active	pelagic	sharks,	water	passes	through	the	mouth	and	over	the	gills	while	they	are	moving,	in	a	process	known	as	"ram	ventilation".[66]	While	at	rest,	most	sharks	pump	water	over	their	gills,	as	most	bony	fish	do,	to	ensure	that	oxygenated	water	continues
to	flow	over	their	gills.	But	a	small	number	of	species	have	lost	the	ability	to	pump	water	through	their	gills	and	must	swim	without	rest.	These	species	are	obligate	ram	ventilators	and	would	presumably	asphyxiate	if	unable	to	move.	Obligate	ram	ventilation	is	also	true	of	some	pelagic	bony	fish	species.[67]	There	are	a	few	fish	that	can	obtain	oxygen
for	brief	periods	of	time	from	air	swallowed	from	above	the	surface	of	the	water.	Thus	lungfish	possess	one	or	two	lungs,	and	the	labyrinth	fish	have	developed	a	special	"labyrinth	organ",	which	characterizes	this	suborder	of	fish.	The	labyrinth	organ	is	a	much-folded	suprabranchial	accessory	breathing	organ.	It	is	formed	by	a	vascularized	expansion	of
the	epibranchial	bone	of	the	first	gill	arch,	and	is	used	for	respiration	in	air.[68]	This	organ	allows	labyrinth	fish	to	take	in	oxygen	directly	from	the	air,	instead	of	taking	it	from	the	water	in	which	they	reside	through	the	use	of	gills.	The	labyrinth	organ	helps	the	oxygen	in	the	inhaled	air	to	be	absorbed	into	the	bloodstream.	As	a	result,	labyrinth	fish	can
survive	for	a	short	period	of	time	out	of	water,	as	they	can	inhale	the	air	around	them,	provided	they	stay	moist.	Labyrinth	fish	are	not	born	with	functional	labyrinth	organs.	The	development	of	the	organ	is	gradual	and	most	juvenile	labyrinth	fish	breathe	entirely	with	their	gills	and	develop	the	labyrinth	organs	when	they	grow	older.[68]	See	also:
Spiracle	(arthropods)	Some	species	of	crab	use	a	respiratory	organ	called	a	branchiostegal	lung.[69]	Its	gill-like	structure	increases	the	surface	area	for	gas	exchange	which	is	more	suited	to	taking	oxygen	from	the	air	than	from	water.	Some	of	the	smallest	spiders	and	mites	can	breathe	simply	by	exchanging	gas	through	the	surface	of	the	body.	Larger
spiders,	scorpions	and	other	arthropods	use	a	primitive	book	lung.	Main	article:	Respiratory	system	of	insects	Most	insects	breath	passively	through	their	spiracles	(special	openings	in	the	exoskeleton)	and	the	air	reaches	every	part	of	the	body	by	means	of	a	series	of	smaller	and	smaller	tubes	called	'trachaea'	when	their	diameters	are	relatively	large,
and	'tracheoles'	when	their	diameters	are	very	small.	The	tracheoles	make	contact	with	individual	cells	throughout	the	body.[44]	They	are	partially	filled	with	fluid,	which	can	be	withdrawn	from	the	individual	tracheoles	when	the	tissues,	such	as	muscles,	are	active	and	have	a	high	demand	for	oxygen,	bringing	the	air	closer	to	the	active	cells.[44]	This	is
probably	brought	about	by	the	buildup	of	lactic	acid	in	the	active	muscles	causing	an	osmotic	gradient,	moving	the	water	out	of	the	tracheoles	and	into	the	active	cells.	Diffusion	of	gases	is	effective	over	small	distances	but	not	over	larger	ones,	this	is	one	of	the	reasons	insects	are	all	relatively	small.	Insects	which	do	not	have	spiracles	and	trachaea,
such	as	some	Collembola,	breathe	directly	through	their	skins,	also	by	diffusion	of	gases.[70]	The	number	of	spiracles	an	insect	has	is	variable	between	species,	however,	they	always	come	in	pairs,	one	on	each	side	of	the	body,	and	usually	one	pair	per	segment.	Some	of	the	Diplura	have	eleven,	with	four	pairs	on	the	thorax,	but	in	most	of	the	ancient
forms	of	insects,	such	as	Dragonflies	and	Grasshoppers	there	are	two	thoracic	and	eight	abdominal	spiracles.	However,	in	most	of	the	remaining	insects,	there	are	fewer.	It	is	at	the	level	of	the	tracheoles	that	oxygen	is	delivered	to	the	cells	for	respiration.	Insects	were	once	believed	to	exchange	gases	with	the	environment	continuously	by	the	simple
diffusion	of	gases	into	the	tracheal	system.	More	recently,	however,	large	variation	in	insect	ventilatory	patterns	has	been	documented	and	insect	respiration	appears	to	be	highly	variable.	Some	small	insects	do	not	demonstrate	continuous	respiratory	movements	and	may	lack	muscular	control	of	the	spiracles.	Others,	however,	utilize	muscular
contraction	of	the	abdomen	along	with	coordinated	spiracle	contraction	and	relaxation	to	generate	cyclical	gas	exchange	patterns	and	to	reduce	water	loss	into	the	atmosphere.	The	most	extreme	form	of	these	patterns	is	termed	discontinuous	gas	exchange	cycles.[71]	Main	article:	Respiratory	system	of	gastropods	Molluscs	generally	possess	gills	that
allow	gas	exchange	between	the	aqueous	environment	and	their	circulatory	systems.	These	animals	also	possess	a	heart	that	pumps	blood	containing	hemocyanin	as	its	oxygen-capturing	molecule.[44]	Hence,	this	respiratory	system	is	similar	to	that	of	vertebrate	fish.	The	respiratory	system	of	gastropods	can	include	either	gills	or	a	lung.	Main	article:
Photosynthesis	Plants	use	carbon	dioxide	gas	in	the	process	of	photosynthesis,	and	exhale	oxygen	gas	as	waste.	The	chemical	equation	of	photosynthesis	is	6	CO2	(carbon	dioxide)	and	6	H2O	(water),	which	in	the	presence	of	sunlight	makes	C6H12O6	(glucose)	and	6	O2	(oxygen).	Photosynthesis	uses	electrons	on	the	carbon	atoms	as	the	repository	for
the	energy	obtained	from	sunlight.[72]	Respiration	is	the	opposite	of	photosynthesis.	It	reclaims	the	energy	to	power	chemical	reactions	in	cells.	In	so	doing	the	carbon	atoms	and	their	electrons	are	combined	with	oxygen	forming	CO2	which	is	easily	removed	from	both	the	cells	and	the	organism.	Plants	use	both	processes,	photosynthesis	to	capture	the
energy	and	oxidative	metabolism	to	use	it.	Plant	respiration	is	limited	by	the	process	of	diffusion.	Plants	take	in	carbon	dioxide	through	holes,	known	as	stomata,	that	can	open	and	close	on	the	undersides	of	their	leaves	and	sometimes	other	parts	of	their	anatomy.	Most	plants	require	some	oxygen	for	catabolic	processes	(break-down	reactions	that
release	energy).	But	the	quantity	of	O2	used	per	hour	is	small	as	they	are	not	involved	in	activities	that	require	high	rates	of	aerobic	metabolism.	Their	requirement	for	air,	however,	is	very	high	as	they	need	CO2	for	photosynthesis,	which	constitutes	only	0.04%	of	the	environmental	air.	Thus,	to	make	1	g	of	glucose	requires	the	removal	of	all	the	CO2
from	at	least	18.7	liters	of	air	at	sea	level.	But	inefficiencies	in	the	photosynthetic	process	cause	considerably	greater	volumes	of	air	to	be	used.[72][73]	Great	Oxidation	Event	–	Paleoproterozoic	surge	in	atmospheric	oxygen	Respiratory	adaptation	–	Breathing	changes	caused	by	exertion	Spirometry	–	Pulmonary	function	test	Pulmonary	function	testing
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other	uses,	see	PTSD	(disambiguation).	For	C-PTSD,	see	Complex	post-traumatic	stress	disorder.	Medical	conditionPost-traumatic	stress	disorderSpecialtyPsychiatry,	clinical	psychologySymptomsDisturbing	thoughts,	feelings,	or	dreams	related	to	the	event;	mental	or	physical	distress	to	trauma-related	cues;	efforts	to	avoid	trauma-related	situations;
increased	fight-or-flight	response[1]ComplicationsSuicide;	cardiac,	respiratory,	musculoskeletal,	gastrointestinal,	and	immunological	disorders[2]Duration>	1	month[a]CausesExposure	to	a	traumatic	event[1]Diagnostic	methodBased	on	symptoms[2]TreatmentCounseling,	medication,[4]	MDMA-assisted	psychotherapy,[5]	selective	serotonin	reuptake
inhibitors[6]Frequency8.7%	(lifetime	risk);	3.5%	(12-month	risk)	(US)[7]	Post-traumatic	stress	disorder	(PTSD)[b]	is	a	mental	disorder	that	develops	from	experiencing	a	traumatic	event,	such	as	sexual	assault,	domestic	violence,	child	abuse,	warfare	and	its	associated	traumas,	natural	disaster,	traffic	collision,	or	other	threats	on	a	person's	life	or	well-
being.[1][8]	Symptoms	may	include	disturbing	thoughts,	feelings,	or	dreams	related	to	the	events,	mental	or	physical	distress	to	trauma-related	cues,	attempts	to	avoid	trauma-related	cues,	alterations	in	the	way	a	person	thinks	and	feels,	and	an	increase	in	the	fight-or-flight	response.[1][4][9]	These	symptoms	last	for	more	than	a	month	after	the	event
and	can	include	triggers	such	as	misophonia.[1]	Young	children	are	less	likely	to	show	distress,	but	instead	may	express	their	memories	through	play.[1]	Most	people	who	experience	traumatic	events	do	not	develop	PTSD.[2]	People	who	experience	interpersonal	violence	such	as	rape,	other	sexual	assaults,	being	kidnapped,	stalking,	physical	abuse	by
an	intimate	partner,	and	childhood	abuse	are	more	likely	to	develop	PTSD	than	those	who	experience	non-assault	based	trauma,	such	as	accidents	and	natural	disasters.[10][11][12]	Prevention	may	be	possible	when	counselling	is	targeted	at	those	with	early	symptoms,	but	is	not	effective	when	provided	to	all	trauma-exposed	individuals	regardless	of
whether	symptoms	are	present.[2]	The	main	treatments	for	people	with	PTSD	are	counselling	(psychotherapy)	and	medication.[4][13]	Antidepressants	of	the	SSRI	or	SNRI	type	are	the	first-line	medications	used	for	PTSD	and	are	moderately	beneficial	for	about	half	of	people.[6]	Benefits	from	medication	are	less	than	those	seen	with	counselling.[2]	It	is
not	known	whether	using	medications	and	counselling	together	has	greater	benefit	than	either	method	separately.[2][14]	Medications,	other	than	some	SSRIs	or	SNRIs,	do	not	have	enough	evidence	to	support	their	use	and,	in	the	case	of	benzodiazepines,	may	worsen	outcomes.[15][16]	In	the	United	States,	about	3.5%	of	adults	have	PTSD	in	a	given
year,	and	9%	of	people	develop	it	at	some	point	in	their	life.[1]	In	much	of	the	rest	of	the	world,	rates	during	a	given	year	are	between	0.5%	and	1%.[1]	Higher	rates	may	occur	in	regions	of	armed	conflict.[2]	It	is	more	common	in	women	than	men.[4][17][better	source	needed]	Symptoms	of	trauma-related	mental	disorders	have	been	documented	since
at	least	the	time	of	the	ancient	Greeks.[18]	A	few	instances	of	evidence	of	post-traumatic	illness	have	been	argued	to	exist	from	the	seventeenth	and	eighteenth	centuries,	such	as	the	diary	of	Samuel	Pepys,	who	described	intrusive	and	distressing	symptoms	following	the	1666	Fire	of	London.[19]	During	the	world	wars,	the	condition	was	known	under
various	terms,	including	"shell	shock",	"war	nerves",	neurasthenia	and	'combat	neurosis'.[20][21]	The	term	"post-traumatic	stress	disorder"	came	into	use	in	the	1970s,	in	large	part	due	to	the	diagnoses	of	U.S.	military	veterans	of	the	Vietnam	War.[22]	It	was	officially	recognized	by	the	American	Psychiatric	Association	in	1980	in	the	third	edition	of	the
Diagnostic	and	Statistical	Manual	of	Mental	Disorders	(DSM-III).[23]	Service	members	use	art	to	relieve	PTSD	symptoms.	See	also:	Psychological	stress	and	sleep	Symptoms	of	PTSD	generally	begin	within	the	first	three	months	after	the	inciting	traumatic	event,	but	may	not	begin	until	years	later.[24][4]	In	the	typical	case,	the	individual	with	PTSD
persistently	avoids	either	trauma-related	thoughts	and	emotions	or	discussion	of	the	traumatic	event	and	may	even	have	amnesia	of	the	event	(dissociative	amnesia).[1]	However,	the	event	is	commonly	relived	by	the	individual	through	intrusive,	recurrent	recollections,	dissociative	episodes	of	reliving	the	trauma	("flashbacks"),	and	nightmares	(50	to
70%).[25][26][27]	While	it	is	common	to	have	symptoms	after	any	traumatic	event,	these	must	persist	to	a	sufficient	degree	(i.e.,	causing	dysfunction	in	life	or	clinical	levels	of	distress)	for	longer	than	one	month	after	the	trauma	to	be	classified	as	PTSD	(clinically	significant	dysfunction	or	distress	for	less	than	one	month	after	the	trauma	may	be	acute
stress	disorder).[1][28][29][30]	Some	following	a	traumatic	event	experience	post-traumatic	growth.[31]	Trauma	survivors	often	develop	depression,	anxiety	disorders,	and	mood	disorders	in	addition	to	PTSD.[32]	More	than	50%	of	those	with	PTSD	have	co-morbid	anxiety,	mood,	or	substance	use	disorders.[33]	Substance	use	disorder,	such	as	alcohol
use	disorder,	commonly	co-occur	with	PTSD.[34]	Recovery	from	post-traumatic	stress	disorder	or	other	anxiety	disorders	may	be	hindered,	or	the	condition	worsened,	when	substance	use	disorders	are	comorbid	with	PTSD.	Resolving	these	problems	can	bring	about	improvement	in	an	individual's	mental	health	status	and	anxiety	levels.[35][36]	PTSD
has	a	strong	association	with	tinnitus,[37]	and	speculation	exists	that	PTSD	may	cause	some	tinnitus	seen	in	association	with	the	condition.[38]	PTSD	is	also	associated	with	a	number	of	physical	health	comorbidities	that	involve	inflammatory	processes	and	immune	system	dysregulation.[39]	In	children	and	adolescents,	there	is	a	strong	association
between	emotional	regulation	difficulties	(e.g.,	mood	swings,	anger	outbursts,	temper	tantrums)	and	post-traumatic	stress	symptoms,	independent	of	age,	gender,	or	type	of	trauma.[40]	Moral	injury,	the	feeling	of	moral	distress	such	as	a	shame	or	guilt	following	a	moral	transgression,	is	associated	with	PTSD	but	is	distinguished	from	it.	Moral	injury	is
associated	with	shame	and	guilt,	while	PTSD	is	associated	with	anxiety	and	fear.[41]: 2,8,11 	No	quieren	(They	do	not	want	to)	by	Francisco	Goya	(1746–1828)	depicts	an	elderly	woman	wielding	a	knife	in	defense	of	a	younger	woman	being	assaulted	by	a	soldier.[42]	Persons	considered	at	risk	for	developing	PTSD	include	combat	military	personnel,
survivors	of	natural	disasters,	concentration	camp	survivors,	and	survivors	of	violent	crime.	Persons	employed	in	occupations	that	expose	them	to	violence	(such	as	soldiers)	or	disasters	(such	as	emergency	service	workers)	are	also	at	risk.[43]	Other	occupations	at	an	increased	risk	include	police	officers,	firefighters,[44]	first	responders,	ambulance
personnel,	health	care	professionals,	train	drivers,	divers,	journalists,	and	sailors,	as	well	as	people	who	work	at	banks,	post	offices,	or	in	stores.[45]	The	intensity	of	the	traumatic	event	is	also	associated	with	a	subsequent	risk	of	developing	PTSD,	with	experiences	related	to	witnessed	death,	or	witnessed	or	experienced	torture,	injury,	bodily
disfigurement,	traumatic	brain	injury	being	highly	associated	with	the	development	of	PTSD.	Similarly,	experiences	that	are	unexpected	or	in	which	the	victim	cannot	escape	are	also	associated	with	a	high	risk	of	developing	PTSD.[33]	Main	article:	Psychological	trauma	See	also:	Psychological	resiliencePTSD	has	been	associated	with	a	wide	range	of
traumatic	events.	The	risk	of	developing	PTSD	after	a	traumatic	event	varies	by	trauma	type[46][47]	and	is	the	highest	following	exposure	to	sexual	violence	(11.4%),	particularly	rape	(19.0%).[48]	Men	are	more	likely	to	experience	a	traumatic	event	(of	any	type),	but	women	are	more	likely	to	experience	the	kind	of	high-impact	traumatic	event	that	can
lead	to	PTSD,	such	as	interpersonal	violence	and	sexual	assault.[49]	Motor	vehicle	collision	survivors,	both	children	and	adults,	are	at	an	increased	risk	of	PTSD.[50][51]	Globally,	about	2.6%	of	adults	are	diagnosed	with	PTSD	following	a	non-life-threatening	traffic	accident,	and	a	similar	proportion	of	children	develop	PTSD.[48]	Risk	of	PTSD	almost
doubles	to	4.6%	for	life-threatening	auto	accidents.[48]	Females	were	more	likely	to	be	diagnosed	with	PTSD	following	a	road	traffic	accident,	whether	the	accident	occurred	during	childhood	or	adulthood.[50][51]	Post-traumatic	stress	reactions	have	been	studied	in	children	and	adolescents.[52]	The	rate	of	PTSD	might	be	lower	in	children	than	adults,
but	in	the	absence	of	therapy,	symptoms	may	continue	for	decades.[53]	One	estimate	suggests	that	the	proportion	of	children	and	adolescents	having	PTSD	in	a	non-wartorn	population	in	a	developed	country	may	be	1%	compared	to	1.5%	to	3%	of	adults.[53]	On	average,	16%	of	children	exposed	to	a	traumatic	event	develop	PTSD,	with	the	incidence
varying	according	to	type	of	exposure	and	gender.[54]	Similar	to	the	adult	population,	risk	factors	for	PTSD	in	children	include:	female	gender,	exposure	to	disasters	(natural	or	man-made),	negative	coping	behaviors,	or	lacking	proper	social	support	systems.[55]	Predictor	models	have	consistently	found	that	childhood	trauma,	chronic	adversity,
neurobiological	differences,	and	familial	stressors	are	associated	with	risk	for	PTSD	after	a	traumatic	event	in	adulthood.[56][57][58]	It	has	been	difficult	to	find	consistently	aspects	of	the	events	that	predict,	but	peritraumatic	dissociation	has	been	a	fairly	consistent	predictive	indicator	of	the	development	of	PTSD.[59]	Proximity	to,	duration	of,	and
severity	of	the	trauma	make	an	impact.	It	has	been	speculated	that	interpersonal	traumas	cause	more	problems	than	impersonal	ones,[60]	but	this	is	controversial.[61]	The	risk	of	developing	PTSD	is	increased	in	individuals	who	are	exposed	to	physical	abuse,	physical	assault,	or	kidnapping.[62][63]	Women	who	experience	physical	violence	are	more
likely	to	develop	PTSD	than	men.[62]	Main	article:	Intimate	partner	violenceSee	also:	Rape	trauma	syndromeAn	individual	that	has	been	exposed	to	domestic	violence	is	predisposed	to	the	development	of	PTSD.	There	is	a	strong	association	between	the	development	of	PTSD	in	mothers	that	experienced	domestic	violence	during	the	perinatal	period	of
their	pregnancy.[64]	Those	who	have	experienced	sexual	assault	or	rape	may	develop	symptoms	of	PTSD.[65][66]	The	likelihood	of	sustained	symptoms	of	PTSD	is	higher	if	the	rapist	confined	or	restrained	the	person,	if	the	person	being	raped	believed	the	rapist	would	kill	them,	the	person	who	was	raped	was	very	young	or	very	old,	and	if	the	rapist	was
someone	they	knew.	The	likelihood	of	sustained	severe	symptoms	is	also	higher	if	people	around	the	survivor	ignore	(or	are	ignorant	of)	the	rape	or	blame	the	rape	survivor.[67]	See	also:	Veteran	and	Refugee	health	Military	service	in	combat	is	a	risk	factor	for	developing	PTSD.[33]	Around	22%	of	people	exposed	to	combat	develop	PTSD;	in	about	25%
of	military	personnel	who	develop	PTSD,	its	appearance	is	delayed.[33]	Refugees	are	also	at	an	increased	risk	for	PTSD	due	to	their	exposure	to	war,	hardships,	and	traumatic	events.	The	rates	for	PTSD	within	refugee	populations	range	from	4%	to	86%.[68]	While	the	stresses	of	war	affect	everyone	involved,	displaced	persons	have	been	shown	to	be
more	so	than	others.[69]	Challenges	related	to	the	overall	psychosocial	well-being	of	refugees	are	complex	and	individually	nuanced.	Refugees	have	reduced	levels	of	well-being	and	a	high	rate	of	mental	distress	due	to	past	and	ongoing	trauma.	Groups	that	are	particularly	affected	and	whose	needs	often	remain	unmet	are	women,	older	people,	and
unaccompanied	minors.[70]	Post-traumatic	stress	and	depression	in	refugee	populations	also	tend	to	affect	their	educational	success.[70]	Sudden,	unexpected	death	of	a	loved	one	is	the	most	common	traumatic	event	type	reported	in	cross-national	studies.[48][71]	However,	the	majority	of	people	who	experience	this	type	of	event	will	not	develop	PTSD.
An	analysis	from	the	WHO	World	Mental	Health	Surveys	found	a	5.2%	risk	of	developing	PTSD	after	learning	of	the	unexpected	death	of	a	loved	one.[71]	Because	of	the	high	prevalence	of	this	type	of	traumatic	event,	unexpected	death	of	a	loved	one	accounts	for	approximately	20%	of	PTSD	cases	worldwide.[48]	Medical	conditions	associated	with	an
increased	risk	of	PTSD	include	cancer,[72][73][74]	heart	attack,[75]	and	stroke.[76]	22%	of	cancer	survivors	present	with	lifelong	PTSD	like	symptoms.[77]	Intensive-care	unit	(ICU)	hospitalization	is	also	a	risk	factor	for	PTSD.[78]	Some	women	experience	PTSD	from	their	experiences	related	to	breast	cancer	and	mastectomy.[79][80][72]	Loved	ones	of
those	who	experience	life-threatening	illnesses	are	also	at	risk	for	developing	PTSD,	such	as	parents	of	a	child	with	chronic	illnesses.[81]	Research	exists	which	demonstrates	that	survivors	of	psychotic	episodes,	which	exist	in	diseases	such	as	schizophrenia,	schizoaffective	disorder,	bipolar	I	disorder,	and	others,	are	at	greater	risk	of	developing	PTSD.
This	is	often	due	to	the	experiences	one	may	have	during	and	after	psychosis.	Such	traumatic	experiences	include,	but	are	not	limited	to,	experiences	in	psychiatric	hospitals,	police	interactions,	social	stigma,	and	embarrassment	due	to	psychotic	behavior,	suicidal	behavior	and	attempts,	distressing	delusions	and	hallucinations,	and	the	fear	of	losing
control	or	actual	loss	of	control.	The	incidence	of	PTSD	in	survivors	of	psychosis	may	be	as	low	as	11%	and	as	high	at	67%.[82][83][84]	Prevalence	estimates	of	cancer‐related	PTSD	range	between	7%	and	14%,[85]	with	an	additional	10%	to	20%	of	patients	experiencing	subsyndromal	post-traumatic	stress	symptoms	(PTSS).[86][87]	Both	PTSD	and	PTSS
have	been	associated	with	increased	distress	and	impaired	quality	of	life,[88]	and	have	been	reported	in	newly	diagnosed	patients	as	well	as	in	long‐term	survivors.[89]	The	PTSD	Field	Trials	for	the	Diagnostic	and	Statistical	Manual,	Fourth	Edition	(DSM-IV),	revealed	that	22%	of	cancer	survivors	present	with	lifetime	cancer-related	PTSD	(CR-PTSD),
endorsing	cancer	diagnosis	and	treatment	as	a	traumatic	stressor.[90]	Therefore,	as	the	number	of	people	diagnosed	with	cancer	increases	and	cancer	survivorship	improves,	cancer-related	PTSD	becomes	a	more	prominent	issue,	and	thus,	providing	for	cancer	patients'	physical	and	psychological	needs	becomes	increasingly	important.[91]	Main	article:
Childbirth-related	post-traumatic	stress	disorder	Women	who	experience	miscarriage	are	at	risk	of	PTSD.[92][93][94]	Those	who	experience	subsequent	miscarriages	have	an	increased	risk	of	PTSD	compared	to	those	experiencing	only	one.[92]	PTSD	can	also	occur	after	childbirth	and	the	risk	increases	if	a	woman	has	experienced	trauma	prior	to	the
pregnancy.[95][96]	Prevalence	of	PTSD	following	normal	childbirth	(that	is,	excluding	stillbirth	or	major	complications)	is	estimated	to	be	between	2.8	and	5.6%	at	six	weeks	postpartum,[97]	with	rates	dropping	to	1.5%	at	six	months	postpartum.[97][98]	Symptoms	of	PTSD	are	common	following	childbirth,	with	prevalence	of	24–30.1%[97]	at	six	weeks,
dropping	to	13.6%	at	six	months.[99]	Emergency	childbirth	is	also	associated	with	PTSD.[100]	This	section	is	an	excerpt	from	Extreme	weather	post-traumatic	stress	disorder.[edit]	This	article	is	written	like	a	personal	reflection,	personal	essay,	or	argumentative	essay	that	states	a	Wikipedia	editor's	personal	feelings	or	presents	an	original	argument
about	a	topic.	Please	help	improve	it	by	rewriting	it	in	an	encyclopedic	style.	(March	2023)	(Learn	how	and	when	to	remove	this	message)	Extreme	weather	events	can	have	a	significant	impact	on	mental	health,	particularly	in	the	form	of	post-traumatic	stress	disorder	(PTSD).	Extreme	weather	post-traumatic	stress	disorder	occurs	when	someone
experiences	the	symptoms	of	PTSD	due	to	extreme	weather	events,	such	as	tornadoes,	hurricanes,	floods,	and	wildfires.[101]	There	has	been	increasing	frequency	and	severity	of	these	events	due	to	climate	change,	causing	an	increase	in	such	cases.	Main	article:	Genetics	of	post-traumatic	stress	disorder	There	is	evidence	that	susceptibility	to	PTSD	is
hereditary.	Approximately	30%	of	the	variance	in	PTSD	is	caused	from	genetics	alone.[59]	For	twin	pairs	exposed	to	combat	in	Vietnam,	having	a	monozygotic	(identical)	twin	with	PTSD	was	associated	with	an	increased	risk	of	the	co-twin's	having	PTSD	compared	to	twins	that	were	dizygotic	(non-identical	twins).[102]	Women	with	a	smaller
hippocampus	might	be	more	likely	to	develop	PTSD	following	a	traumatic	event	based	on	preliminary	findings.[103]	Research	has	also	found	that	PTSD	shares	many	genetic	influences	common	to	other	psychiatric	disorders.	Panic	and	generalized	anxiety	disorders	and	PTSD	share	60%	of	the	same	genetic	variance.	Alcohol,	nicotine,	and	drug
dependence	share	greater	than	40%	genetic	similarities.[59]	Neuroscientist	Dr.	Rachel	Yehuda	researched	how	psychological	trauma	can	travel	across	generations,	specifically	focusing	on	trans-generational	trauma	with	Holocaust	survivors	and	their	offspring.	The	researchers	in	her	study	focused	on	a	stress	gene	called	FKBP5	that	is	linked	to	PTSD.
The	results	of	this	study	underscore	the	genetic	components	of	PTSD	as	they	showed	an	effect	on	methylation	of	the	FKBP5	gene	both	on	the	parents	who	experienced	trauma	in	concentration	camps,	as	well	as	their	offspring.[104]	PTSD	symptoms	may	result	when	a	traumatic	event	causes	an	over-reactive	adrenaline	response,	which	creates	deep
neurological	patterns	in	the	brain.	These	patterns	can	persist	long	after	the	event	that	triggered	the	fear,	making	an	individual	hyper-responsive	to	future	fearful	situations.[28][105]	During	traumatic	experiences,	the	high	levels	of	stress	hormones	secreted	suppress	hypothalamic	activity	that	may	be	a	major	factor	toward	the	development	of	PTSD.[106]
PTSD	causes	biochemical	changes	in	the	brain	and	body,	that	differ	from	other	psychiatric	disorders	such	as	major	depression.	Individuals	diagnosed	with	PTSD	respond	more	strongly	to	a	dexamethasone	suppression	test	than	individuals	diagnosed	with	clinical	depression.[107][108]	Most	people	with	PTSD	show	a	low	secretion	of	cortisol	and	high
secretion	of	catecholamines	in	urine,[109]	with	a	norepinephrine/cortisol	ratio	consequently	higher	than	comparable	non-diagnosed	individuals.[110]	This	is	in	contrast	to	the	normative	fight-or-flight	response,	in	which	both	catecholamine	and	cortisol	levels	are	elevated	after	exposure	to	a	stressor.[111]	Brain	catecholamine	levels	are	high,[112]	and
corticotropin-releasing	factor	(CRF)	concentrations	are	high.[113][114]	Together,	these	findings	suggest	abnormality	in	the	hypothalamic-pituitary-adrenal	(HPA)	axis.	The	maintenance	of	fear	has	been	shown	to	include	the	HPA	axis,	the	locus	coeruleus-noradrenergic	systems,	and	the	connections	between	the	limbic	system	and	frontal	cortex.	The	HPA
axis	that	coordinates	the	hormonal	response	to	stress,[115]	which	activates	the	LC-noradrenergic	system,	is	implicated	in	the	over-consolidation	of	memories	that	occurs	in	the	aftermath	of	trauma.[116]	This	over-consolidation	increases	the	likelihood	of	one's	developing	PTSD.	The	amygdala	is	responsible	for	threat	detection	and	the	conditioned	and
unconditioned	fear	responses	that	are	carried	out	as	a	response	to	a	threat.[59]	The	HPA	axis	is	responsible	for	coordinating	the	hormonal	response	to	stress.[59]	Given	the	strong	cortisol	suppression	to	dexamethasone	in	PTSD,	HPA	axis	abnormalities	are	likely	predicated	on	strong	negative	feedback	inhibition	of	cortisol,	itself	likely	due	to	an
increased	sensitivity	of	glucocorticoid	receptors.[117]	PTSD	has	been	hypothesized	to	be	a	maladaptive	learning	pathway	to	fear	response	through	a	hypersensitive,	hyperreactive,	and	hyperresponsive	HPA	axis.[118]	Low	cortisol	levels	may	predispose	individuals	to	PTSD:	Following	war	trauma,	Swedish	soldiers	serving	in	Bosnia	and	Herzegovina	with
low	pre-service	salivary	cortisol	levels	had	a	higher	risk	of	reacting	with	PTSD	symptoms,	following	war	trauma,	than	soldiers	with	normal	pre-service	levels.[119]	Because	cortisol	is	normally	important	in	restoring	homeostasis	after	the	stress	response,	it	is	thought	that	trauma	survivors	with	low	cortisol	experience	a	poorly	contained—that	is,	longer
and	more	distressing—response,	setting	the	stage	for	PTSD.	It	is	thought	that	the	locus	coeruleus-noradrenergic	system	mediates	the	over-consolidation	of	fear	memory.	High	levels	of	cortisol	reduce	noradrenergic	activity,	and	because	people	with	PTSD	tend	to	have	reduced	levels	of	cortisol,	it	has	been	proposed	that	individuals	with	PTSD	cannot
regulate	the	increased	noradrenergic	response	to	traumatic	stress.[106]	Intrusive	memories	and	conditioned	fear	responses	are	thought	to	be	a	result	of	the	response	to	associated	triggers.	Neuropeptide	Y	(NPY)	has	been	reported	to	reduce	the	release	of	norepinephrine	and	has	been	demonstrated	to	have	anxiolytic	properties	in	animal	models.	Studies
have	shown	people	with	PTSD	demonstrate	reduced	levels	of	NPY,	possibly	indicating	their	increased	anxiety	levels.[59]	Other	studies	indicate	that	people	with	PTSD	have	chronically	low	levels	of	serotonin,	which	contributes	to	the	commonly	associated	behavioral	symptoms	such	as	anxiety,	ruminations,	irritability,	aggression,	suicidality,	and
impulsivity.[120]	Serotonin	also	contributes	to	the	stabilization	of	glucocorticoid	production.	Dopamine	levels	in	a	person	with	PTSD	can	contribute	to	symptoms:	low	levels	can	contribute	to	anhedonia,	apathy,	impaired	attention,	and	motor	deficits;	high	levels	can	contribute	to	psychosis,	agitation,	and	restlessness.[120]	Studies	have	also	described
elevated	concentrations	of	the	thyroid	hormone	triiodothyronine	in	PTSD.[121]	This	kind	of	type	2	allostatic	adaptation	may	contribute	to	increased	sensitivity	to	catecholamines	and	other	stress	mediators.	Hyperresponsiveness	in	the	norepinephrine	system	can	also	be	caused	by	continued	exposure	to	high	stress.	Overactivation	of	norepinephrine
receptors	in	the	prefrontal	cortex	can	be	connected	to	the	flashbacks	and	nightmares	frequently	experienced	by	those	with	PTSD.	A	decrease	in	other	norepinephrine	functions	(awareness	of	the	current	environment)	prevents	the	memory	mechanisms	in	the	brain	from	processing	the	experience,	and	emotions	the	person	is	experiencing	during	a
flashback	are	not	associated	with	the	current	environment.[120]	There	is	considerable	controversy	within	the	medical	community	regarding	the	neurobiology	of	PTSD.	A	2012	review	showed	no	clear	relationship	between	cortisol	levels	and	PTSD.	The	majority	of	reports	indicate	people	with	PTSD	have	elevated	levels	of	corticotropin-releasing	hormone,
lower	basal	cortisol	levels,	and	enhanced	negative	feedback	suppression	of	the	HPA	axis	by	dexamethasone.[59][122]	Studies	on	the	peripheral	immune	have	found	dysfunction	with	elevated	cytokine	levels	and	a	higher	risk	of	immune-related	chronic	diseases	among	individuals	with	PTSD.[123]	Neuroimmune	dysfunction	has	also	been	found	in	PTSD,
raising	the	possibility	of	a	suppressed	central	immune	response	due	to	reduced	activity	of	microglia	in	the	brain	in	response	to	immune	challenges.	Individuals	with	PTSD,	compared	to	controls,	have	lower	increase	in	a	marker	of	microglial	activation	(18-kDa	translocator	protein)	following	lipopolysaccharide	administration.[124]	This	neuroimmune
suppression	is	also	associated	with	greater	severity	of	anhedonic	symptoms.	Researchers	suggest	that	treatments	aimed	at	restoring	neuroimmune	function	could	be	beneficial	for	alleviating	PTSD	symptoms.[124]	Regions	of	the	brain	associated	with	stress	and	post-traumatic	stress	disorder[125]	A	meta-analysis	of	structural	MRI	studies	found	an
association	with	reduced	total	brain	volume,	intracranial	volume,	and	volumes	of	the	hippocampus,	insula	cortex,	and	anterior	cingulate.[126]	Much	of	this	research	stems	from	PTSD	in	those	exposed	to	the	Vietnam	War.[127][128]	People	with	PTSD	have	decreased	brain	activity	in	the	dorsal	and	rostral	anterior	cingulate	cortices	and	the	ventromedial
prefrontal	cortex,	areas	linked	to	the	experience	and	regulation	of	emotion.[129]	The	amygdala	is	strongly	involved	in	forming	emotional	memories,	especially	fear-related	memories.	During	high	stress,	the	hippocampus,	which	is	associated	with	placing	memories	in	the	correct	context	of	space	and	time	and	memory	recall,	is	suppressed.	According	to
one	theory,	this	suppression	may	be	the	cause	of	the	flashbacks	that	can	affect	people	with	PTSD.	When	someone	with	PTSD	undergoes	stimuli	similar	to	the	traumatic	event,	the	body	perceives	the	event	as	occurring	again	because	the	memory	was	never	properly	recorded	in	the	person's	memory.[59][130]	The	amygdalocentric	model	of	PTSD	proposes
that	the	amygdala	is	very	much	aroused	and	insufficiently	controlled	by	the	medial	prefrontal	cortex	and	the	hippocampus,	in	particular	during	extinction.[131]	This	is	consistent	with	an	interpretation	of	PTSD	as	a	syndrome	of	deficient	extinction	ability.[131][132]	The	basolateral	nucleus	(BLA)	of	the	amygdala	is	responsible	for	the	comparison	and
development	of	associations	between	unconditioned	and	conditioned	responses	to	stimuli,	which	results	in	the	fear	conditioning	present	in	PTSD.	The	BLA	activates	the	central	nucleus	(CeA)	of	the	amygdala,	which	elaborates	the	fear	response,	(including	behavioral	response	to	threat	and	elevated	startle	response).	Descending	inhibitory	inputs	from	the
medial	prefrontal	cortex	(mPFC)	regulate	the	transmission	from	the	BLA	to	the	CeA,	which	is	hypothesized	to	play	a	role	in	the	extinction	of	conditioned	fear	responses.[59]	While	as	a	whole,	amygdala	hyperactivity	is	reported	by	meta	analysis	of	functional	neuroimaging	in	PTSD,	there	is	a	large	degree	of	heterogeniety,	more	so	than	in	social	anxiety
disorder	or	phobic	disorder.	Comparing	dorsal	(roughly	the	CeA)	and	ventral	(roughly	the	BLA)	clusters,	hyperactivity	is	more	robust	in	the	ventral	cluster,	while	hypoactivity	is	evident	in	the	dorsal	cluster.	The	distinction	may	explain	the	blunted	emotions	in	PTSD	(via	desensitization	in	the	CeA)	as	well	as	the	fear	related	component.[133]	In	a	2007
study,	Vietnam	War	combat	veterans	with	PTSD	showed	a	20%	reduction	in	the	volume	of	their	hippocampus	compared	with	veterans	who	did	not	have	such	symptoms.[134]	This	finding	was	not	replicated	in	chronic	PTSD	patients	traumatized	at	an	air	show	plane	crash	in	1988	(Ramstein,	Germany).[135]	Evidence	suggests	that	endogenous
cannabinoid	levels	are	reduced	in	PTSD,	particularly	anandamide,	and	that	cannabinoid	receptors	(CB1)	are	increased	in	order	to	compensate.[136]	There	appears	to	be	a	link	between	increased	CB1	receptor	availability	in	the	amygdala	and	abnormal	threat	processing	and	hyperarousal,	but	not	dysphoria,	in	trauma	survivors.	A	2020	study	found	no
evidence	for	conclusions	from	prior	research	that	suggested	low	IQ	is	a	risk	factor	for	developing	PTSD.[137]	PTSD	can	be	difficult	to	diagnose,	because	of:	the	subjective	nature	of	most	of	the	diagnostic	criteria	(although	this	is	true	for	many	mental	disorders);	the	potential	for	over-reporting,	e.g.,	while	seeking	disability	benefits,	or	when	PTSD	could
be	a	mitigating	factor	at	criminal	sentencing[138]	the	potential	for	under-reporting,	e.g.,	stigma,	pride,	fear	that	a	PTSD	diagnosis	might	preclude	certain	employment	opportunities;	symptom	overlap	with	other	mental	disorders	such	as	obsessive	compulsive	disorder	and	generalized	anxiety	disorder;[139]	association	with	other	mental	disorders	such	as
major	depressive	disorder	and	generalized	anxiety	disorder;	substance	use	disorders,	which	often	produce	some	of	the	same	signs	and	symptoms	as	PTSD;	and	substance	use	disorders	can	increase	vulnerability	to	PTSD	or	exacerbate	PTSD	symptoms	or	both;	and	PTSD	increases	the	risk	for	developing	substance	use	disorders.[140]	the	differential
expression	of	symptoms	culturally	(specifically	with	respect	to	avoidance	and	numbing	symptoms,	distressing	dreams,	and	somatic	symptoms)[141]	There	are	a	number	of	PTSD	screening	instruments	for	adults,	such	as	the	PTSD	Checklist	for	DSM-5	(PCL-5)[142][143]	and	the	Primary	Care	PTSD	Screen	for	DSM-5	(PC-PTSD-5).[144]	The	17	item	PTSD
checklist	is	also	capable	of	monitoring	the	severity	of	symptoms	and	the	response	to	treatment.[33]	There	are	also	several	screening	and	assessment	instruments	for	use	with	children	and	adolescents.	These	include	the	Child	PTSD	Symptom	Scale	(CPSS),[145][146]	Child	Trauma	Screening	Questionnaire,[147][148]	and	UCLA	Post-traumatic	Stress
Disorder	Reaction	Index	for	DSM-IV.[149][150]	In	addition,	there	are	also	screening	and	assessment	instruments	for	caregivers	of	very	young	children	(six	years	of	age	and	younger).	These	include	the	Young	Child	PTSD	Screen,[151]	the	Young	Child	PTSD	Checklist,[151]	and	the	Diagnostic	Infant	and	Preschool	Assessment.[152]	Evidence-based
assessment	principles,	including	a	multimethod	assessment	approach,	form	the	foundation	of	PTSD	assessment.[153][154][155]: 25 	Those	who	conduct	assessments	for	PTSD	may	use	various	clinician-administered	interviews	and	instruments	to	provide	an	official	PTSD	diagnosis.[156]	Some	commonly	used,	reliable,	and	valid	assessment	instruments	for
PTSD	diagnosis,	in	accordance	with	the	DSM-5,	include	the	Clinician-Administered	PTSD	Scale	for	the	DSM-5	(CAPS-5),	PTSD	Symptom	Scale	Interview	(PSS-I-5),	and	Structured	Clinical	Interview	for	DSM-5	–	PTSD	Module	(SCID-5	PTSD	Module).[157][158][159][160]	PTSD	was	classified	as	an	anxiety	disorder	in	the	DSM-IV,	but	has	since	been
reclassified	as	a	"trauma-	and	stressor-related	disorder"	in	the	DSM-5.[1]	The	DSM-5	diagnostic	criteria	for	PTSD	include	four	symptom	clusters:	re-experiencing,	avoidance,	negative	alterations	in	cognition/mood,	and	alterations	in	arousal	and	reactivity.[1][4]	The	International	Classification	of	Diseases	and	Related	Health	Problems,	10th	Revision	(ICD-
10)	classifies	PTSD	(code	F43.1)	under	"Reaction	to	severe	stress,	and	adjustment	disorders".[161]	The	ICD-10	criteria	for	PTSD	include	re-experiencing,	avoidance,	and	either	increased	reactivity	or	inability	to	recall	certain	details	related	to	the	event.[161]	The	ICD-11	diagnostic	description	for	PTSD	(code	6B40)	contains	three	components	or	symptom
groups	(1)	re-experiencing,	(2)	avoidance,	and	(3)	heightened	sense	of	threat.[162][163]	ICD-11	no	longer	includes	verbal	thoughts	about	the	traumatic	event	as	a	symptom.[163]	There	is	a	predicted	lower	rate	of	diagnosed	PTSD	using	ICD-11	compared	to	ICD-10	or	DSM-5.[163]	ICD-11	also	proposes	identifying	a	distinct	sub-group	with	Complex	Post-
Traumatic	Stress	Disorder	(CPTSD;	code	6B41),	who	have	more	often	experienced	several	or	sustained	traumas	and	have	greater	functional	impairment	than	those	with	PTSD.[163]	A	diagnosis	of	PTSD	requires	that	the	person	has	been	exposed	to	an	extreme	stressor.	Any	stressor	can	result	in	a	diagnosis	of	adjustment	disorder	and	it	is	an	appropriate
diagnosis	for	a	stressor	and	a	symptom	pattern	that	does	not	meet	the	criteria	for	PTSD.	The	symptom	pattern	for	acute	stress	disorder	must	occur	and	be	resolved	within	four	weeks	of	the	trauma.	If	it	lasts	longer,	and	the	symptom	pattern	fits	that	characteristic	of	PTSD,	the	diagnosis	may	be	changed.[26]	Obsessive–compulsive	disorder	(OCD)	may	be
diagnosed	for	intrusive	thoughts	that	are	recurring	but	not	related	to	a	specific	traumatic	event.[26]	In	extreme	cases	of	prolonged,	repeated	traumatization	where	there	is	no	viable	chance	of	escape,	survivors	may	develop	complex	post-traumatic	stress	disorder.[164]	This	occurs	as	a	result	of	layers	of	trauma	rather	than	a	single	traumatic	event,	and
includes	additional	symptomatology,	such	as	the	loss	of	a	coherent	sense	of	self.[165]	See	also:	Traumatic	memories	Modest	benefits	have	been	seen	from	early	access	to	cognitive	behavioral	therapy.	Critical	incident	stress	management	has	been	suggested	as	a	means	of	preventing	PTSD,	but	subsequent	studies	suggest	the	likelihood	of	its	producing
negative	outcomes.[166][167]	A	2019	Cochrane	review	did	not	find	any	evidence	to	support	the	use	of	an	intervention	offered	to	everyone,	and	that	"multiple	session	interventions	may	result	in	worse	outcome	than	no	intervention	for	some	individuals."[168]	The	World	Health	Organization	recommends	against	the	use	of	benzodiazepines	and
antidepressants	in	for	acute	stress	(symptoms	lasting	less	than	one	month).[169]	Some	evidence	supports	the	use	of	hydrocortisone	for	prevention	in	adults,	although	there	is	limited	or	no	evidence	supporting	propranolol,	escitalopram,	temazepam,	or	gabapentin.[170][171]	See	also:	Debriefing	§	Crisis	intervention	Trauma-exposed	individuals	often
receive	treatment	called	psychological	debriefing	in	an	effort	to	prevent	PTSD,	which	consists	of	interviews	that	are	meant	to	allow	individuals	to	directly	confront	the	event	and	share	their	feelings	with	the	counselor	and	to	help	structure	their	memories	of	the	event.[172]	However,	several	meta-analyses	find	that	psychological	debriefing	is	unhelpful,	is
potentially	harmful	and	does	not	reduce	the	future	risk	of	developing	PTSD.[33][172][173][174]	This	is	true	for	both	single-session	debriefing	and	multiple	session	interventions.[168]	As	of	2017	the	American	Psychological	Association	assessed	psychological	debriefing	as	No	Research	Support/Treatment	is	Potentially	Harmful.[175]	Trauma	focused
intervention	delivered	within	days	or	weeks	of	the	potentially	traumatic	event	has	been	found	to	decrease	PTSD	symptoms.[176]	Similar	to	psychological	debriefing,	the	goal	of	early	intervention	is	to	lessen	the	intensity	and	frequency	of	stress	symptoms,	with	the	aim	of	preventing	new-onset	or	relapsed	mental	disorders	and	further	distress	later	in	the
healing	process.[177]	For	one	such	method,	see	trauma	risk	management.	Risk-targeted	interventions	are	those	that	attempt	to	mitigate	specific	formative	information	or	events.	It	can	target	modeling	normal	behaviors,	instruction	on	a	task,	or	giving	information	on	the	event.[178][179]	Further	information:	Treatments	for	PTSD	Reviews	of	studies	have
found	that	combination	therapy	(psychological	and	pharmacotherapy)	is	no	more	effective	than	psychological	therapy	alone.[14]	The	approaches	with	the	strongest	evidence	include	behavioral	and	cognitive-behavioral	therapies	such	as	prolonged	exposure	therapy,[180]	cognitive	processing	therapy	(CBT),	and	eye	movement	desensitization	and
reprocessing	(EMDR).[181][182][183][184]	There	is	some	evidence	for	brief	eclectic	psychotherapy	(BEP),	narrative	exposure	therapy	(NET),	and	written	exposure	therapy.[185][186]	A	2019	Cochrane	review	evaluated	couples	and	family	therapies	compared	to	no	care	and	individual	and	group	therapies	for	the	treatment	of	PTSD.[187]	There	were	too
few	studies	on	couples	therapies	to	determine	if	substantive	benefits	were	derived,	but	preliminary	RCTs	suggested	that	couples	therapies	may	be	beneficial	for	reducing	PTSD	symptoms.[187]	A	meta-analytic	comparison	of	EMDR	and	CBT	found	both	protocols	indistinguishable	in	terms	of	effectiveness	in	treating	PTSD;	however,	"the	contribution	of
the	eye	movement	component	in	EMDR	to	treatment	outcome"	is	unclear.[188]	A	meta-analysis	in	children	and	adolescents	also	found	that	EMDR	was	as	efficacious	as	CBT.[189]	Children	with	PTSD	are	far	more	likely	to	pursue	treatment	at	school	(because	of	its	proximity	and	ease)	than	at	a	free	clinic.[190]	Main	article:	Trauma	focused	cognitive
behavioral	therapy	The	diagram	depicts	how	emotions,	thoughts,	and	behaviors	all	influence	each	other.	The	triangle	in	the	middle	represents	CBT's	tenet	that	all	humans'	core	beliefs	can	be	summed	up	in	three	categories:	self,	others,	future.	CBT	seeks	to	change	the	way	a	person	feels	and	acts	by	changing	the	patterns	of	thinking	or	behavior,	or	both,
responsible	for	negative	emotions.	Results	from	a	2018	systematic	review	found	high	strength	of	evidence	that	supports	CBT-exposure	therapy	efficacious	for	a	reduction	in	PTSD	and	depression	symptoms,	as	well	as	the	loss	of	PTSD	diagnosis.[9]	CBT	has	been	proven	to	be	an	effective	treatment	for	PTSD	and	is	currently	considered	the	standard	of
care	for	PTSD	by	the	United	States	Department	of	Defense.[191][192]	In	CBT,	individuals	learn	to	identify	thoughts	that	make	them	feel	afraid	or	upset	and	replace	them	with	less	distressing	thoughts.	The	goal	is	to	understand	how	certain	thoughts	about	events	cause	PTSD-related	stress.[193][194]	A	study	assessing	an	online	version	of	CBT	for	people
with	mild-to-moderate	PTSD	found	that	the	online	approach	was	as	effective	as,	and	cheaper	than,	the	same	therapy	given	face-to-face.[195][196]	A	2021	Cochrane	review	assessed	the	provision	of	CBT	in	an	Internet-based	format	found	similar	beneficial	effects	for	Internet-based	therapy	as	in	face-to-face.	However,	the	quality	of	the	evidence	was	low
due	to	the	small	number	of	trials	reviewed.[197]	Exposure	therapy	is	a	type	of	cognitive	behavioral	therapy[198]	that	involves	assisting	trauma	survivors	to	re-experience	distressing	trauma-related	memories	and	reminders	in	order	to	facilitate	habituation	and	successful	emotional	processing	of	the	trauma	memory.	Most	exposure	therapy	programs
include	both	imaginal	confrontation	with	the	traumatic	memories	and	real-life	exposure	to	trauma	reminders;	this	type	of	CBT	has	shown	benefit	in	the	treatment	of	PTSD.[199][33]	Some	organizations[which?]	have	endorsed	the	need	for	exposure.[200][201]	The	U.S.	Department	of	Veterans	Affairs	has	been	actively	training	mental	health	treatment
staff	in	prolonged	exposure	therapy[202]	and	cognitive	processing	therapy[203]	in	an	effort	to	better	treat	U.S.	veterans	with	PTSD.	Recent	research	on	contextually	based	third-generation	behavior	therapies	suggests	that	they	may	produce	results	comparable	to	some	of	the	better	validated	therapies.[204]	Many	of	these	therapy	methods	have	a
significant	element	of	exposure[205]	and	have	demonstrated	success	in	treating	the	primary	problems	of	PTSD	and	co-occurring	depressive	symptoms.[206]	Main	article:	Eye	movement	desensitization	and	reprocessing	Eye	movement	desensitization	and	reprocessing	(EMDR)	is	a	form	of	psychotherapy	developed	and	studied	by	Francine	Shapiro.[207]
She	had	noticed	that,	when	she	was	thinking	about	disturbing	memories	herself,	her	eyes	were	moving	rapidly.	When	she	brought	her	eye	movements	under	control	while	thinking,	the	thoughts	were	less	distressing.[207]	In	2002,	Shapiro	and	Maxfield	published	a	theory	of	why	this	might	work,	called	adaptive	information	processing.[208]	This	theory
proposes	that	eye	movement	can	be	used	to	facilitate	emotional	processing	of	memories,	changing	the	person's	memory	to	attend	to	more	adaptive	information.[209]	The	therapist	initiates	voluntary	rapid	eye	movements	while	the	person	focuses	on	memories,	feelings	or	thoughts	about	a	particular	trauma.[53][210]	The	therapist	uses	hand	movements
to	get	the	person	to	move	their	eyes	backward	and	forward,	but	hand-tapping	or	tones	can	also	be	used.[53]	EMDR	closely	resembles	cognitive	behavior	therapy	as	it	combines	exposure	(re-visiting	the	traumatic	event),	working	on	cognitive	processes	and	relaxation/self-monitoring.[53]	However,	exposure	by	way	of	being	asked	to	think	about	the
experience	rather	than	talk	about	it	has	been	highlighted	as	one	of	the	more	important	distinguishing	elements	of	EMDR.[211]	Several	scientific	studies	have	evaluated	the	efficacy	of	EMDR	in	adults[212]	as	well	as	children	and	adolescents.[210]	There	is	moderate	strength	of	evidence	to	support	the	efficacy	of	EMDR	"for	reduction	in	PTSD	symptoms,
loss	of	diagnosis,	and	reduction	in	depressive	symptoms"	according	to	a	2018	systematic	review	update.[9]	In	children	and	adolescents,	a	recent	meta-analysis	of	randomized	controlled	trials	found	that	EMDR	was	at	least	as	efficacious	as	CBT,	and	superior	to	waitlist	or	placebo.[189]	There	was	some	evidence	that	EMDR	might	prevent	depression.[212]
Adverse	effects	were	largely	unstudied.[212]	The	benefits	were	greater	for	women	with	a	history	of	sexual	assault	compared	with	people	who	had	experienced	other	types	of	traumatizing	events	(such	as	accidents,	physical	assaults	and	war).	The	eye	movement	component	of	the	therapy	may	not	be	critical	for	benefit.[53][209]	Other	approaches,	in
particular	involving	social	supports,[213][214]	may	also	be	important.	An	open	trial	of	interpersonal	psychotherapy	reported	high	rates	of	remission	from	PTSD	symptoms	without	using	exposure.[215]	Four	antidepressants	(sertraline,	fluoxetine,	paroxetine,	and	venlafaxine)	have	been	shown	to	have	a	small	to	modest	benefit	over	placebo.[16]	Selective
serotonin	reuptake	inhibitors	(SSRIs)	and	serotonin–norepinephrine	reuptake	inhibitors	(SNRIs)	may	have	some	benefit	for	PTSD	symptoms.[16][216][217]	Tricyclic	antidepressants	are	equally	effective,	but	are	less	well	tolerated.[218]	Evidence	provides	support	for	a	small	or	modest	improvement	with	sertraline,	fluoxetine,	paroxetine,	and	venlafaxine.
[16][219]	Thus,	these	four	medications	are	considered	to	be	first-line	medications	for	PTSD.[216][6]	The	SSRIs	paroxetine	and	sertraline	are	approved	by	the	U.S.	Food	and	Drug	Administration	(FDA)	approved	for	the	treatment	of	PTSD.[33]	Benzodiazepines	are	not	recommended	for	the	treatment	of	PTSD	due	to	a	lack	of	evidence	of	benefit	and	risk	of
worsening	PTSD	symptoms.[220]	Some	authors	believe	that	the	use	of	benzodiazepines	is	contraindicated	for	acute	stress,	as	this	group	of	drugs	can	cause	dissociation.[221]	Nevertheless,	some	use	benzodiazepines	with	caution	for	short-term	anxiety	and	insomnia.[222][223][224]	While	benzodiazepines	can	alleviate	acute	anxiety,	there	is	no	consistent
evidence	that	they	can	stop	the	development	of	PTSD	and	may	actually	increase	the	risk	of	developing	PTSD	2–5	times.[15]	Benzodiazepines	should	not	be	used	in	the	immediate	aftermath	of	a	traumatic	event	as	they	may	increase	symptoms	related	to	PTSD.[33]	Benzodiazepines	may	reduce	the	effectiveness	of	psychotherapeutic	interventions,	and
there	is	some	evidence	that	benzodiazepines	may	actually	contribute	to	the	development	and	chronification	of	PTSD.	For	those	who	already	have	PTSD,	benzodiazepines	may	worsen	and	prolong	the	course	of	illness,	by	worsening	psychotherapy	outcomes,	and	causing	or	exacerbating	aggression,	depression	(including	suicidality),	and	substance	use.[15]
Drawbacks	include	the	risk	of	developing	a	benzodiazepine	dependence,	tolerance	(i.e.,	short-term	benefits	wearing	off	with	time),	and	withdrawal	syndrome;	additionally,	individuals	with	PTSD	(even	those	without	a	history	of	alcohol	or	drug	misuse)	are	at	an	increased	risk	of	abusing	benzodiazepines.[6][225]	Due	to	a	number	of	other	treatments	with
greater	efficacy	for	PTSD	and	fewer	risks,	benzodiazepines	should	be	considered	relatively	contraindicated	until	all	other	treatment	options	are	exhausted.[13][226]	Benzodiazepines	also	carry	a	risk	of	disinhibition	(associated	with	suicidality,	aggression	and	crimes)	and	their	use	may	delay	or	inhibit	more	definitive	treatments	for	PTSD.[6][226][227]
Prazosin,	an	alpha-1	adrenergic	antagonist,	has	been	used	in	veterans	with	PTSD	to	reduce	nightmares.	Studies	show	variability	in	the	symptom	improvement,	appropriate	dosages,	and	efficacy	in	this	population.[228][229][25]	Glucocorticoids	may	be	useful	for	short-term	therapy	to	protect	against	neurodegeneration	caused	by	the	extended	stress
response	that	characterizes	PTSD,	but	long-term	use	may	actually	promote	neurodegeneration.[230]	See	also:	Cannabis	use	and	trauma	Cannabis	is	not	recommended	as	a	treatment	for	PTSD	because	scientific	evidence	does	not	currently	exist	demonstrating	treatment	efficacy	for	cannabinoids.[231][232][c]	However,	use	of	cannabis	or	derived
products	is	widespread	among	U.S.	veterans	with	PTSD.[233]	The	cannabinoid	nabilone	is	sometimes	used	for	nightmares	in	PTSD.	Although	some	short-term	benefit	was	shown,	adverse	effects	are	common	and	it	has	not	been	adequately	studied	to	determine	efficacy.[234]	An	increasing	number	of	states	permit	and	have	legalized	the	use	of	medical
cannabis	for	the	treatment	of	PTSD.[235]	Physical	activity	can	influence	people's	psychological[236]	and	physical	health.[237]	The	U.S.	National	Center	for	PTSD	recommends	moderate	exercise	as	a	way	to	distract	from	disturbing	emotions,	build	self-esteem	and	increase	feelings	of	being	in	control	again.	They	recommend	a	discussion	with	a	doctor
before	starting	an	exercise	program.[238]	Play	is	thought	to	help	children	link	their	inner	thoughts	with	their	outer	world,	connecting	real	experiences	with	abstract	thought.[239]	Repetitive	play	can	also	be	one	way	a	child	relives	traumatic	events,	and	that	can	be	a	symptom	of	trauma	in	a	child	or	young	person.[240]	Although	it	is	commonly	used,
there	have	not	been	enough	studies	comparing	outcomes	in	groups	of	children	receiving	and	not	receiving	play	therapy,	so	the	effects	of	play	therapy	are	not	yet	understood.[53][239]	Many	veterans	of	the	wars	in	Iraq	and	Afghanistan	have	faced	significant	physical,	emotional,	and	relational	disruptions.	In	response,	the	United	States	Marine	Corps	has
instituted	programs	to	assist	them	in	re-adjusting	to	civilian	life,	especially	in	their	relationships	with	spouses	and	loved	ones,	to	help	them	communicate	better	and	understand	what	the	other	has	gone	through.[241]	Walter	Reed	Army	Institute	of	Research	(WRAIR)	developed	the	Battlemind	program	to	assist	service	members	avoid	or	ameliorate	PTSD
and	related	problems.	Wounded	Warrior	Project	partnered	with	the	US	Department	of	Veterans	Affairs	to	create	Warrior	Care	Network,	a	national	health	system	of	PTSD	treatment	centers.[242][243]	In	2020,	the	United	States	Food	and	Drug	Administration	granted	marketing	approval	for	an	Apple	Watch	app	call	NightWare.	The	app	aims	to	improve
sleep	for	people	suffering	from	PTSD-related	nightmares,	by	vibrating	when	it	detects	a	nightmare	in	progress	based	on	monitoring	heart	rate	and	body	movement.[244]	Disability-adjusted	life	year	rates	for	post-traumatic	stress	disorder	per	100,000	inhabitants	in	2004[245]			no	data			<	43.5			43.5–45			45–46.5			46.5–48			48–49.5			49.5–51			51–52.5
		52.5–54			54–55.5			55.5–57			57–58.5			>	58.5	There	is	debate	over	the	rates	of	PTSD	found	in	populations,	but,	despite	changes	in	diagnosis	and	the	criteria	used	to	define	PTSD	between	1997	and	2013,	epidemiological	rates	have	not	changed	significantly.[246][247]	Most	of	the	current	reliable	data	regarding	the	epidemiology	of	PTSD	is	based	on
DSM-IV	criteria,	as	the	DSM-5	was	not	introduced	until	2013.	The	United	Nations'	World	Health	Organization	publishes	estimates	of	PTSD	impact	for	each	of	its	member	states;	the	latest	data	available	are	for	2004.	Considering	only	the	25	most	populated	countries	ranked	by	overall	age-standardized	Disability-Adjusted	Life	Year	(DALY)	rate,	the	top
half	of	the	ranked	list	is	dominated	by	Asian/Pacific	countries,	the	US,	and	Egypt.[245]	Ranking	the	countries	by	the	male-only	or	female-only	rates	produces	much	the	same	result,	but	with	less	meaningfulness,	as	the	score	range	in	the	single-sex	rankings	is	much-reduced	(4	for	women,	3	for	men,	as	compared	with	14	for	the	overall	score	range),
suggesting	that	the	differences	between	female	and	male	rates,	within	each	country,	is	what	drives	the	distinctions	between	the	countries.[248][249]	As	of	2017,	the	cross-national	lifetime	prevalence	of	PTSD	was	3.9%,	based	on	a	survey	where	5.6%	had	been	exposed	to	trauma.[250]	The	primary	factor	impacting	treatment-seeking	behavior,	which	can
help	to	mitigate	PTSD	development	after	trauma	was	income,	while	being	younger,	female,	and	having	less	social	status	(less	education,	lower	individual	income,	and	being	unemployed)	were	all	factors	associated	with	less	treatment-seeking	behavior.[250]	Age-standardized	Disability-adjusted	life	year	(DALY)	rates	for	PTSD,	per	100,000	inhabitants,	in
25	most	populous	countries,	ranked	by	overall	rate	(2004)	Region	Country	PTSD	DALY	rate,overall[245]	PTSD	DALY	rate,females[248]	PTSD	DALY	rate,males[249]	Asia	/	Pacific	Thailand	59	86	30	Asia	/	Pacific	Indonesia	58	86	30	Asia	/	Pacific	Philippines	58	86	30	Americas	USA	58	86	30	Asia	/	Pacific	Bangladesh	57	85	29	Africa	Egypt	56	83	30	Asia	/
Pacific	India	56	85	29	Asia	/	Pacific	Iran	56	83	30	Asia	/	Pacific	Pakistan	56	85	29	Asia	/	Pacific	Japan	55	80	31	Asia	/	Pacific	Myanmar	55	81	30	Europe	Turkey	55	81	30	Asia	/	Pacific	Vietnam	55	80	30	Europe	France	54	80	28	Europe	Germany	54	80	28	Europe	Italy	54	80	28	Asia	/	Pacific	Russian	Federation	54	78	30	Europe	United	Kingdom	54	80	28
Africa	Nigeria	53	76	29	Africa	Dem.	Republ.	of	Congo	52	76	28	Africa	Ethiopia	52	76	28	Africa	South	Africa	52	76	28	Asia	/	Pacific	China	51	76	28	Americas	Mexico	46	60	30	Americas	Brazil	45	60	30	PTSD	affects	about	5%	of	the	US	adult	population	each	year.[251]	The	National	Comorbidity	Survey	Replication	has	estimated	that	the	lifetime	prevalence
of	PTSD	among	adult	Americans	is	6.8%,	with	women	(9.7%)	more	than	twice	as	likely	as	men[120]	(3.6%)	to	have	PTSD	at	some	point	in	their	lives.[62]	More	than	60%	of	men	and	more	than	60%	of	women	experience	at	least	one	traumatic	event	in	their	life.	The	most	frequently	reported	traumatic	events	by	men	are	rape,	combat,	and	childhood
neglect	or	physical	abuse.	Women	most	frequently	report	instances	of	rape,	sexual	molestation,	physical	attack,	being	threatened	with	a	weapon	and	childhood	physical	abuse.[120]	88%	of	men	and	79%	of	women	with	lifetime	PTSD	have	at	least	one	comorbid	psychiatric	disorder.	Major	depressive	disorder,	48%	of	men	and	49%	of	women,	and	lifetime
alcohol	use	disorder	or	dependence,	51.9%	of	men	and	27.9%	of	women,	are	the	most	common	comorbid	disorders.[252]	The	United	States	Department	of	Veterans	Affairs	estimates	that	830,000	Vietnam	War	veterans	had	symptoms	of	PTSD.[253]	The	National	Vietnam	Veterans'	Readjustment	Study	(NVVRS)	found	15%	of	male	and	9%	of	female
Vietnam	veterans	had	PTSD	at	the	time	of	the	study.	Life-time	prevalence	of	PTSD	was	31%	for	males	and	27%	for	females.	In	a	reanalysis	of	the	NVVRS	data,	along	with	analysis	of	the	data	from	the	Matsunaga	Vietnam	Veterans	Project,	Schnurr,	Lunney,	Sengupta,	and	Waelde	found	that,	contrary	to	the	initial	analysis	of	the	NVVRS	data,	a	large
majority	of	Vietnam	veterans	had	PTSD	symptoms	(but	not	the	disorder	itself).	Four	out	of	five	reported	recent	symptoms	when	interviewed	20–25	years	after	Vietnam.[254]	A	2011	study	from	Georgia	State	University	and	San	Diego	State	University	found	that	rates	of	PTSD	diagnosis	increased	significantly	when	troops	were	stationed	in	combat	zones,
had	tours	of	longer	than	a	year,	experienced	combat,	or	were	injured.	Military	personnel	serving	in	combat	zones	were	12.1	percentage	points	more	likely	to	receive	a	PTSD	diagnosis	than	their	active-duty	counterparts	in	non-combat	zones.	Those	serving	more	than	12	months	in	a	combat	zone	were	14.3	percentage	points	more	likely	to	be	diagnosed
with	PTSD	than	those	having	served	less	than	one	year.[255]	Experiencing	an	enemy	firefight	was	associated	with	an	18.3	percentage	point	increase	in	the	probability	of	PTSD,	while	being	wounded	or	injured	in	combat	was	associated	with	a	23.9	percentage	point	increase	in	the	likelihood	of	a	PTSD	diagnosis.	For	the	2.16	million	U.S.	troops	deployed
in	combat	zones	between	2001	and	2010,	the	total	estimated	two-year	costs	of	treatment	for	combat-related	PTSD	are	between	$1.54	billion	and	$2.69	billion.[255]	As	of	2013,	rates	of	PTSD	have	been	estimated	at	up	to	20%	for	veterans	returning	from	Iraq	and	Afghanistan.[256]	As	of	2013	13%	of	veterans	returning	from	Iraq	were	unemployed.[257]
The	September	11	attacks	took	the	lives	of	nearly	3,000	people,	leaving	6,000	injured.[258]	First	responders	(police,	firefighters,	and	emergency	medical	technicians),	sanitation	workers,	and	volunteers	were	all	involved	in	the	recovery	efforts.	The	prevalence	of	probable	PTSD	in	these	highly	exposed	populations	was	estimated	across	several	studies
using	in-person,	telephone,	and	online	interviews	and	questionnaires.[258][259][260]	Overall	prevalence	of	PTSD	was	highest	immediately	following	the	attacks	and	decreased	over	time.	However,	disparities	were	found	among	the	different	types	of	recovery	workers.[258][259]	The	rate	of	probable	PTSD	for	first	responders	was	lowest	directly	after	the
attacks	and	increased	from	ranges	of	4.8–7.8%	to	7.4–16.5%	between	the	5–6	year	follow-up	and	a	later	assessment.[258]	When	comparing	traditional	responders	to	non-traditional	responders	(volunteers),	the	probable	PTSD	prevalence	2.5	years	after	the	initial	visit	was	greater	in	volunteers	with	estimates	of	11.7%	and	17.2%	respectively.[258]
Volunteer	participation	in	tasks	atypical	to	the	defined	occupational	role	was	a	significant	risk	factor	for	PTSD.[259]	Other	risk	factors	included	exposure	intensity,	earlier	start	date,	duration	of	time	spent	on	site,	and	constant,	negative	reminders	of	the	trauma.[258][259]	Additional	research	has	been	performed	to	understand	the	social	consequences	of
the	September	11	attacks.	Alcohol	consumption	was	assessed	in	a	cohort	of	World	Trade	Center	workers	using	the	cut-annoyed-guilty-eye	(CAGE)	questionnaire	for	alcohol	use	disorder.	Almost	50%	of	World	Trade	Center	workers	who	self-identified	as	alcohol	users	reported	drinking	more	during	the	rescue	efforts.[260]	Nearly	a	quarter	of	these
individuals	reported	drinking	more	following	the	recovery.[260]	If	determined	to	have	probable	PTSD	status,	the	risk	of	developing	an	alcohol	problem	was	double	compared	to	those	without	psychological	morbidity.[260]	Social	disability	was	also	studied	in	this	cohort	as	a	social	consequence	of	the	September	11	attacks.	Defined	by	the	disruption	of
family,	work,	and	social	life,	the	risk	of	developing	social	disability	increased	17-fold	when	categorized	as	having	probable	PTSD.[260]	This	section	needs	additional	citations	for	verification.	Please	help	improve	this	article	by	adding	citations	to	reliable	sources	in	this	section.	Unsourced	material	may	be	challenged	and	removed.	(October	2022)	(Learn
how	and	when	to	remove	this	message)	Cultural	and	medical	anthropologists	have	questioned	the	validity	of	applying	the	diagnostic	criteria	of	PTSD	cross-culturally.[261]	Trauma	(and	resulting	PTSD)	is	often	experienced	through	the	outermost	limits	of	suffering,	pain	and	fear.	The	images	and	experiences	relived	through	PTSD	often	defy	easy
description	through	language.	Therefore,	the	translation	of	these	experiences	from	one	language	to	another	is	problematic,	and	the	primarily	Euro-American	research	on	trauma	is	necessarily	limited.[262]	The	Sapir-Whorf	hypothesis	suggests	that	people	perceive	the	world	differently	according	to	the	language	they	speak:	language	and	the	world	it
exists	within	reflect	back	on	the	perceptions	of	the	speaker.[263]	For	example,	ethnopsychology	studies	in	Nepal	have	found	that	cultural	idioms	and	concepts	related	to	trauma	often	do	not	translate	to	western	terminologies:	piDaa	is	a	term	that	may	align	to	trauma/suffering,	but	also	people	who	suffer	from	piDaa	are	considered	paagal	(mad)	and	are
subject	to	negative	social	stigma,	indicating	the	need	for	culturally	appropriate	and	carefully	tailored	support	interventions.[264]	More	generally,	different	cultures	remember	traumatic	experiences	within	different	linguistic	and	cultural	paradigms.	As	such,	cultural	and	medical	anthropologists	have	questioned	the	validity	of	applying	the	diagnostic
criteria	of	PTSD	cross-culturally,	as	defined	in	the	Diagnostic	and	Statistical	Manual	of	Mental	Disorders	(DSM-III),[needs	update]	and	constructed	through	the	Euro-American	paradigm	of	psychology.[261]	There	remains	a	dearth	of	studies	into	the	conceptual	frameworks	that	surround	trauma	in	non-Western	cultures.[261]	There	is	little	evidence	to
suggest	therapeutic	benefit	in	synthesizing	local	idioms	of	distress	into	a	culturally	constructed	disorder	of	the	post-Vietnam	era,	a	practice	anthropologist	believe	contributes	to	category	fallacy.[clarification	needed][261]	For	many	cultures	there	is	no	single	linguistic	corollary	to	PTSD,	psychological	trauma	being	a	multi-faceted	concept	with
corresponding	variances	of	expression.[264]	Designating	the	effects	of	trauma	as	an	affliction	of	the	spirit	is	common	in	many	non-Western	cultures	where	idioms	such	as	"soul	loss"	and	"weak	heart"	indicate	a	preference	to	confer	suffering	to	a	spirit-body	or	heart-body	diametric.	These	idioms	reflect	the	emphasis	that	collectivist	cultures	place	on
healing	trauma	through	familial,	cultural	and	religious	activities	while	avoiding	the	stigma	that	accompanies	a	mind-body	approach.[261]	Prescribing	PTSD	diagnostics	within	these	communities	is	ineffective	and	often	detrimental.[citation	needed]	For	trauma	that	extends	beyond	the	individual,	such	as	the	effects	of	war,	anthropologists	believe	applying
the	term	"social	suffering"	or	"cultural	bereavement"	to	be	more	beneficial.[265]	Every	facet	of	society	is	affected	by	conflict;	the	prolonged	exposure	to	mass	violence	can	lead	to	a	'continuous	suffering'	among	civilians,	soldiers,	and	bordering	countries.[266]	Entered	into	the	DSM	in	1980,	clinicians	and	psychiatrists	based	the	diagnostic	criteria	for
PTSD	around	American	veterans	of	the	Vietnam	War.[267]	Though	the	DSM	gets	reviewed	and	updated	regularly,	it	is	unable	to	fully	encompass	the	disorder	due	to	its	Americanization	(or	Westernization).[268]	That	is,	what	may	be	considered	characteristics	of	PTSD	in	western	society,	may	not	directly	translate	across	to	other	cultures	around	the
world.	Displaced	people	of	the	African	country	Burundi	experienced	symptoms	of	depression	and	anxiety,	though	few	symptoms	specific	to	PTSD	were	noted.[269]	In	a	similar	review,	Sudanese	refugees	relocated	in	Uganda	were	'concerned	with	material	[effects]'	(lack	of	food,	shelter,	and	healthcare),	rather	than	psychological	distress.[269]	In	this
case,	many	refugees	did	not	present	symptoms	at	all,	with	a	minor	few	developing	anxiety	and	depression.[269]	War-related	stresses	and	traumas	will	be	ingrained	in	the	individual,[266]	however	they	will	be	affected	differently	from	culture	to	culture,	and	the	"clear-cut"	rubric	for	diagnosing	PTSD	does	not	allow	for	culturally	contextual	reactions	to
take	place.[citation	needed]	Vietnam	Veterans	Memorial,	Washington,	D.C.	See	also:	Benefits	for	US	Veterans	with	PTSD	The	United	States	provides	a	range	of	benefits	for	veterans	that	the	VA	has	determined	have	PTSD,	which	developed	during,	or	as	a	result	of,	their	military	service.	These	benefits	may	include	tax-free	cash	payments,[270]	free	or
low-cost	mental	health	treatment	and	other	healthcare,[271]	vocational	rehabilitation	services,[272]	employment	assistance,[273]	and	independent	living	support.[274][275]	In	the	UK,	there	are	various	charities	and	service	organisations	dedicated	to	aiding	veterans	in	readjusting	to	civilian	life.	The	Royal	British	Legion	and	the	more	recently
established	Help	for	Heroes	are	two	of	Britain's	more	high-profile	veterans'	organisations	which	have	actively	advocated	for	veterans	over	the	years.	There	has	been	some	controversy	that	the	NHS	has	not	done	enough	in	tackling	mental	health	issues	and	is	instead	"dumping"	veterans	on	charities	such	as	Combat	Stress.[276][277]	Veterans	Affairs
Canada	provides	assistance	to	disabled	veterans	that	includes	rehabilitation,	financial	aid,	job	placement,	healthcare,	disability	compensation,	peer	support,[278][279]	and	family	support.[280]	See	also:	List	of	people	with	post-traumatic	stress	disorder	Aspects	of	PTSD	in	soldiers	of	ancient	Assyria	have	been	identified	using	written	sources	from	1300	to
600	BCE.	These	Assyrian	soldiers	would	undergo	a	three-year	rotation	of	combat	before	being	allowed	to	return	home,	and	were	reported	to	have	faced	immense	challenges	in	reconciling	their	past	actions	in	war	with	their	civilian	lives.[281]	Connections	between	the	actions	of	Viking	berserkers	and	the	hyperarousal	of	post-traumatic	stress	disorder
have	also	been	drawn.[282]	Psychiatrist	Jonathan	Shay	has	proposed	that	Lady	Percy's	soliloquy	in	the	William	Shakespeare	play	Henry	IV,	Part	1	(act	2,	scene	3,	lines	40–62[283]),	written	around	1597,	represents	an	unusually	accurate	description	of	the	symptom	constellation	of	PTSD.[284]	Many	historical	wartime	diagnoses	such	as	railway	spine,
stress	syndrome,	nostalgia,	soldier's	heart,	shell	shock,	battle	fatigue,	combat	stress	reaction,	and	traumatic	war	neurosis	are	now	associated	with	PTSD.[285][286]	The	correlations	between	combat	and	PTSD	are	undeniable;	according	to	Stéphane	Audoin-Rouzeau	and	Annette	Becker,	"One-tenth	of	mobilized	American	men	were	hospitalized	for	mental
disturbances	between	1942	and	1945,	and,	after	thirty-five	days	of	uninterrupted	combat,	98%	of	them	manifested	psychiatric	disturbances	in	varying	degrees."[287]	The	DSM-I	(1952)	includes	a	diagnosis	of	"gross	stress	reaction",	which	has	similarities	to	the	modern	definition	and	understanding	of	PTSD.[288]	Gross	stress	reaction	is	defined	as	a
normal	personality	using	established	patterns	of	reaction	to	deal	with	overwhelming	fear	as	a	response	to	conditions	of	great	stress.[289]	The	diagnosis	includes	language	which	relates	the	condition	to	combat	as	well	as	to	"civilian	catastrophe".[289]	Statue,	Three	Servicemen,	Vietnam	Veterans	Memorial	The	addition	of	the	term	to	the	DSM-III	was
greatly	influenced	by	the	experiences	and	conditions	of	U.S.	military	veterans	of	the	Vietnam	War.[290]	In	fact,	much	of	the	available	published	research	regarding	PTSD	is	based	on	studies	done	on	veterans	of	the	war	in	Vietnam.	Because	of	the	initial	overt	focus	on	PTSD	as	a	combat	related	disorder	when	it	was	first	fleshed	out	in	the	years	following
the	war	in	Vietnam,	in	1975	Ann	Wolbert	Burgess	and	Lynda	Lytle	Holmstrom	defined	rape	trauma	syndrome	(RTS)	in	order	to	draw	attention	to	the	striking	similarities	between	the	experiences	of	soldiers	returning	from	war	and	of	rape	victims.[291]	This	paved	the	way	for	a	more	comprehensive	understanding	of	causes	of	PTSD.	Early	in	1978,	the
diagnosis	term	"post-traumatic	stress	disorder"	was	first	recommended	in	a	working	group	finding	presented	to	the	Committee	of	Reactive	Disorders.[292]	A	USAF	study	carried	out	in	1979	focused	on	individuals	(civilian	and	military)	who	had	worked	to	recover	or	identify	the	remains	of	those	who	died	in	Jonestown.	The	bodies	had	been	dead	for
several	days,	and	a	third	of	them	had	been	children.	The	study	used	the	term	"dysphoria"	to	describe	PTSD-like	symptoms.[293]	After	PTSD	became	an	official	American	psychiatric	diagnosis	with	the	publication	of	DSM-III	(1980),	the	number	of	personal	injury	lawsuits	(tort	claims)	asserting	the	plaintiff	had	PTSD	increased	rapidly.	However,	triers	of
fact	(judges	and	juries)	often	regarded	the	PTSD	diagnostic	criteria	as	imprecise,	a	view	shared	by	legal	scholars,	trauma	specialists,	forensic	psychologists,	and	forensic	psychiatrists.	The	condition	was	termed	"posttraumatic	stress	disorder"	in	the	DSM-III	(1980).[288][292]	Professional	discussions	and	debates	in	academic	journals,	at	conferences,	and
between	thought	leaders,	led	to	a	more	clearly-defined	set	of	diagnostic	criteria	in	DSM-IV	(1994),	particularly	the	definition	of	a	"traumatic	event".[294]	The	DSM-IV	classified	PTSD	under	anxiety	disorders.	In	the	ICD-10	(first	used	in	1994),	the	spelling	of	the	condition	was	"post-traumatic	stress	disorder".[295]	In	2012,	the	researchers	from	the	Grady
Trauma	Project	highlighted	the	tendency	people	have	to	focus	on	the	combat	side	of	PTSD:	"less	public	awareness	has	focused	on	civilian	PTSD,	which	results	from	trauma	exposure	that	is	not	combat	related..."	and	"much	of	the	research	on	civilian	PTSD	has	focused	on	the	sequelae	of	a	single,	disastrous	event,	such	as	the	Oklahoma	City	bombing,



September	11th	attacks,	and	Hurricane	Katrina".[296]	Disparity	in	the	focus	of	PTSD	research	affected	the	already	popular	perception	of	the	exclusive	interconnectedness	of	combat	and	PTSD.	This	is	misleading	when	it	comes	to	understanding	the	implications	and	extent	of	PTSD	as	a	neurological	disorder.	The	DSM-5	(2013)	created	a	new	category
called	"trauma	and	stressor-related	disorders",	in	which	PTSD	is	now	classified.[1]	America's	2014	National	Comorbidity	Survey	reports	that	"the	traumas	most	commonly	associated	with	PTSD	are	combat	exposure	and	witnessing	among	men	and	rape	and	sexual	molestation	among	women."[62]	"PTSS"	redirects	here	and	is	not	to	be	confused	with	Post
Traumatic	Slave	Syndrome.	The	Diagnostic	and	Statistical	Manual	of	Mental	Disorders	does	not	hyphenate	"post"	and	"traumatic",	thus,	the	DSM-5	lists	the	disorder	as	posttraumatic	stress	disorder.[297]	However,	many	scientific	journal	articles	and	other	scholarly	publications	do	hyphenate	the	name	of	the	disorder,	viz.,	"post-traumatic	stress
disorder".[298]	Dictionaries	also	differ	with	regard	to	the	preferred	spelling	of	the	disorder	with	the	Collins	English	Dictionary	–	Complete	and	Unabridged	using	the	hyphenated	spelling,	and	the	American	Heritage	Dictionary	of	the	English	Language,	Fifth	Edition	and	the	Random	House	Kernerman	Webster's	College	Dictionary	giving	the	non-
hyphenated	spelling.[299]	Some	authors	have	used	the	terms	"post-traumatic	stress	syndrome"	or	"post-traumatic	stress	symptoms"	("PTSS"),[300]	or	simply	"post-traumatic	stress"	("PTS")	in	the	case	of	the	U.S.	Department	of	Defense,[301]	to	avoid	stigma	associated	with	the	word	"disorder".	The	comedian	George	Carlin	criticized	the	euphemism
treadmill	which	led	to	progressive	change	of	the	way	PTSD	was	referred	to	over	the	course	of	the	20th	century,	from	"shell	shock"	in	the	First	World	War	to	the	"battle	fatigue"	in	the	Second	World	War,	to	"operational	exhaustion"	in	the	Korean	War,	to	the	current	"post-traumatic	stress	disorder",	coined	during	the	Vietnam	War,	which	"added	a	hyphen"
and	which,	he	commented,	"completely	burie[s]	[the	pain]	under	jargon".	He	also	stated	that	the	name	given	to	the	condition	has	had	a	direct	effect	on	the	way	veteran	soldiers	with	PTSD	were	treated	and	perceived	by	civilian	populations	over	time.[302]	Most	knowledge	regarding	PTSD	comes	from	studies	in	high-income	countries.[303]	To
recapitulate	some	of	the	neurological	and	neurobehavioral	symptoms	experienced	by	the	veteran	population	of	recent	conflicts	in	Iraq	and	Afghanistan,	researchers	at	the	Roskamp	Institute	and	the	James	A	Haley	Veteran's	Hospital	(Tampa)	have	developed	an	animal	model	to	study	the	consequences	of	mild	traumatic	brain	injury	(mTBI)	and	PTSD.
[304]	In	the	laboratory,	the	researchers	exposed	mice	to	a	repeated	session	of	unpredictable	stressor	(i.e.	predator	odor	while	restrained),	and	physical	trauma	in	the	form	of	inescapable	foot-shock,	and	this	was	also	combined	with	a	mTBI.	In	this	study,	PTSD	animals	demonstrated	recall	of	traumatic	memories,	anxiety,	and	an	impaired	social	behavior,
while	animals	subject	to	both	mTBI	and	PTSD	had	a	pattern	of	disinhibitory-like	behavior.	mTBI	abrogated	both	contextual	fear	and	impairments	in	social	behavior	seen	in	PTSD	animals.	In	comparison	with	other	animal	studies,[304][305]	examination	of	neuroendocrine	and	neuroimmune	responses	in	plasma	revealed	a	trend	toward	increase	in
corticosterone	in	PTSD	and	combination	groups.	Stellate	ganglion	block	is	an	experimental	procedure	for	the	treatment	of	PTSD.[306]	Researchers	are	investigating	a	number	of	experimental	FAAH	and	MAGL-inhibiting	drugs	in	hopes	of	finding	a	better	treatment	for	anxiety	and	stress-related	illnesses.[307]	In	2016,	the	FAAH-inhibitor	drug	BIA	10-
2474	was	withdrawn	from	human	trials	in	France	due	to	adverse	effects.[308]	Evidence	from	clinical	trials	suggests	that	MDMA-assisted	psychotherapy	is	an	effective	treatment	for	PTSD.[309][310]	On	August	9,	2024,	the	FDA	issued	a	letter	stating	that	a	further	trial	was	necessary	to	ascertain	that	the	benefits	of	MDMA-assisted	psychotherapy
outweighed	the	potential	harms.[311]	Positive	findings	in	clinical	trials	of	MDMA-assisted	psychotherapy	might	be	substantially	influenced	by	expectancy	effects	given	the	unblinding	of	participants.[312][313]	To	prevent	this	confounding	factor,	it	has	been	suggested	that	future	trials	compare	MDMA	against	an	active	placebo.[314]	There	is	a	lack	of
trials	comparing	MDMA-assisted	psychotherapy	to	existent	first-line	treatments	for	PTSD,	such	as	trauma-focused	psychological	treatments,	which	seems	to	achieve	similar	or	even	better	outcomes	than	MDMA-assisted	psychotherapy.[315]	Trauma-focused	psychotherapies	for	PTSD	(also	known	as	"exposure-based"	or	"exposure"	psychotherapies),	such
as	prolonged	exposure	therapy	(PE),	eye	movement	desensitization	and	reprocessing	(EMDR),	and	cognitive-reprocessing	therapy	(CPT)	have	the	most	evidence	for	efficacy	and	are	recommended	as	first-line	treatment	for	PTSD	by	almost	all	clinical	practice	guidelines.[316][317][318]	Exposure-based	psychotherapies	demonstrate	efficacy	for	PTSD
caused	by	different	trauma	"types",	such	as	combat,	sexual-assault,	or	natural	disasters.[316]	At	the	same	time,	many	trauma-focused	psychotherapies	evince	high	drop-out	rates.[319]	Most	systematic	reviews	and	clinical	guidelines	indicate	that	psychotherapies	for	PTSD,	most	of	which	are	trauma-focused	therapies,	are	more	effective	than
pharmacotherapy	(medication),[320]	although	there	are	reviews	that	suggest	exposure-based	psychotherapies	for	PTSD	and	pharmacotherapy	are	equally	effective.[321]	Interpersonal	psychotherapy	shows	preliminary	evidence	of	probable	efficacy,	but	more	research	is	needed	to	reach	definitive	conclusions.[322]	Psychiatry	portal	Childbirth-related
post-traumatic	stress	disorder	Internet	interventions	for	post-traumatic	stress	Internet-based	treatments	for	trauma	survivors	Post-traumatic	embitterment	disorder	Post-traumatic	growth	Post-traumatic	stress	disorder	after	World	War	II	Post-traumatic	stress	disorder	and	substance	use	disorders	Symptoms	of	victimization	Trauma-informed	mindfulness
Traumatic	stress	Impact	of	prostitution	on	mental	health	^	At	least	1	month	of	symptoms	for	clinical	diagnosis	is	required,	while	symptoms	may	persist	from	6	months	to	multiple	years.[1][3]	^	Acceptable	variants	of	this	term	exist;	see	the	Terminology	section	in	this	article.	^	As	an	example	of	such	research,	see:	Bonn-Miller	MO,	Sisley	S,	Riggs	P,
Yazar-Klosinski	B,	Wang	JB,	Loflin	MJE,	et	al.	(2021)	The	short-term	impact	of	3	smoked	cannabis	preparations	versus	placebo	on	PTSD	symptoms:	A	randomized	cross-over	clinical	trial.	PLOS	ONE	16(3):	e0246990.	^	a	b	c	d	e	f	g	h	i	j	k	l	m	n	American	Psychiatric	Association	(2013).	Diagnostic	and	Statistical	Manual	of	Mental	Disorders	(5th	ed.).
Arlington,	VA:	American	Psychiatric	Publishing.	pp.	271–80.	ISBN	978-0-89042-555-8.	^	a	b	c	d	e	f	g	Bisson	JI,	Cosgrove	S,	Lewis	C,	Robert	NP	(November	2015).	"Post-traumatic	stress	disorder".	BMJ.	351:	h6161.	doi:10.1136/bmj.h6161.	PMC	4663500.	PMID	26611143.	^	"Post-Traumatic	Stress	Disorder".	www.nimh.nih.gov.	Retrieved	13	January
2024.	^	a	b	c	d	e	f	"Post-Traumatic	Stress	Disorder".	National	Institute	of	Mental	Health.	February	2016.	Archived	from	the	original	on	9	March	2016.	Retrieved	10	March	2016.	^	"Notice	of	final	decision	to	amend	(or	not	amend)	the	current	Poisons	Standard	–	June	2022	ACMS	#38	–	Psilocybine	and	MDMA".	Therapeutic	Goods	Administration,
Department	of	Health	and	Aged	Care,	Australian	Government.	Retrieved	19	April	2023.	^	a	b	c	d	e	Berger	W,	Mendlowicz	MV,	Marques-Portella	C,	Kinrys	G,	Fontenelle	LF,	Marmar	CR,	et	al.	(March	2009).	"Pharmacologic	alternatives	to	antidepressants	in	posttraumatic	stress	disorder:	a	systematic	review".	Progress	in	Neuro-Psychopharmacology	&
Biological	Psychiatry.	33	(2):	169–80.	doi:10.1016/j.pnpbp.2008.12.004.	PMC	2720612.	PMID	19141307.	^	Diagnostic	and	statistical	manual	of	mental	disorders:	DSM-5	(5th	ed.).	Arlington,	VA:	American	Psychiatric	Association.	2013.	p.	276.	ISBN	978-0-89042-555-8.	OCLC	830807378.	^	"Post-traumatic	stress	disorder	(PTSD)	–	Symptoms	and	causes".
Mayo	Clinic.	Retrieved	8	October	2019.	^	a	b	c	Forman-Hoffman	V,	Cook	Middleton	J,	Feltner	C,	Gaynes	BN,	Palmieri	Weber	R,	Bann	C,	et	al.	(17	May	2018).	Psychological	and	Pharmacological	Treatments	for	Adults	With	Posttraumatic	Stress	Disorder:	A	Systematic	Review	Update	(Report).	Agency	for	Healthcare	Research	and	Quality	(AHRQ).
doi:10.23970/ahrqepccer207.	PMID	30204376.	Archived	from	the	original	on	10	July	2018.	Retrieved	25	August	2020.	^	Zoladz	PR,	Diamond	DM	(June	2013).	"Current	status	on	behavioral	and	biological	markers	of	PTSD:	a	search	for	clarity	in	a	conflicting	literature".	Neuroscience	and	Biobehavioral	Reviews.	37	(5):	860–895.
doi:10.1016/j.neubiorev.2013.03.024.	PMID	23567521.	S2CID	14440116.	^	Kessler	RC,	Aguilar-Gaxiola	S,	Alonso	J,	Benjet	C,	Bromet	EJ,	Cardoso	G,	et	al.	(27	October	2017).	"Trauma	and	PTSD	in	the	WHO	World	Mental	Health	Surveys".	European	Journal	of	Psychotraumatology.	8	(sup5):	1353383.	doi:10.1080/20008198.2017.1353383.	PMC	5632781.
PMID	29075426.	As	detailed	in	another	recent	WMH	report,	conditional	risk	of	PTSD	after	trauma	exposure	is	4.0%,	but	varies	significantly	by	trauma	type.	The	highest	conditional	risk	is	associated	with	being	raped	(19.0%),	physical	abuse	by	a	romantic	partner	(11.7%),	being	kidnapped	(11.0%),	and	being	sexually	assaulted	other	than	rape	(10.5%).
In	terms	of	broader	categories,	the	traumas	associated	with	the	highest	PTSD	risk	are	those	involving	intimate	partner	or	sexual	violence	(11.4%),	and	other	traumas	(9.2%),	with	aggregate	conditional	risk	much	lower	in	the	other	broad	trauma	categories	(2.0–5.4%)	[citations	omitted;	emphasis	added].	^	Darves-Bornoz	JM,	Alonso	J,	de	Girolamo	G,	de
Graaf	R,	Haro	JM,	Kovess-Masfety	V,	et	al.	(October	2008).	"Main	traumatic	events	in	Europe:	PTSD	in	the	European	study	of	the	epidemiology	of	mental	disorders	survey".	Journal	of	Traumatic	Stress.	21	(5):	455–462.	doi:10.1002/jts.20357.	PMID	18956444.	In	univariate	analyses	adjusted	on	gender,	six	events	were	found	to	be	the	most	significantly
associated	with	PTSD	(	p	<	.001)	among	individuals	exposed	to	at	least	one	event.	They	were	being	raped	(OR	=	8.9),	being	beaten	up	by	spouse	or	romantic	partner	(OR	=	7.3),	experiencing	an	undisclosed	private	event	(OR	=	5.5),	having	a	child	with	serious	illness	(OR	=	5.1),	being	beaten	up	by	a	caregiver	(OR	=	4.5),	or	being	stalked	(OR	=	4.2)"	[OR
=	odds	ratio].	^	a	b	Haagen	JF,	Smid	GE,	Knipscheer	JW,	Kleber	RJ	(August	2015).	"The	efficacy	of	recommended	treatments	for	veterans	with	PTSD:	A	metaregression	analysis".	Clinical	Psychology	Review.	40:	184–94.	doi:10.1016/j.cpr.2015.06.008.	hdl:1874/330054.	PMID	26164548.	^	a	b	Hetrick	SE,	Purcell	R,	Garner	B,	Parslow	R	(July	2010).
"Combined	pharmacotherapy	and	psychological	therapies	for	post	traumatic	stress	disorder	(PTSD)"	(PDF).	The	Cochrane	Database	of	Systematic	Reviews	(7):	CD007316.	doi:10.1002/14651858.CD007316.pub2.	PMID	20614457.	^	a	b	c	Guina	J,	Rossetter	SR,	DeRHODES	BJ,	Nahhas	RW,	Welton	RS	(July	2015).	"Benzodiazepines	for	PTSD:	A	Systematic
Review	and	Meta-Analysis".	Journal	of	Psychiatric	Practice.	21	(4):	281–303.	doi:10.1097/pra.0000000000000091.	PMID	26164054.	S2CID	24968844.	^	a	b	c	d	Hoskins	M,	Pearce	J,	Bethell	A,	Dankova	L,	Barbui	C,	Tol	WA,	et	al.	(February	2015).	"Pharmacotherapy	for	post-traumatic	stress	disorder:	systematic	review	and	meta-analysis".	The	British
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professionals	from	the	VA	National	PTSD	Center	Retrieved	from	"	Posttraumatic	stress	disorder	(PTSD),	a	type	of	anxiety	disorder,	can	happen	after	a	deeply	threatening	or	scary	event.	Even	if	you	weren't	directly	involved,	the	shock	of	what	happened	can	be	so	great	that	you	have	a	hard	time	living	a	normal	life.People	with	PTSD	can	have	insomnia,
flashbacks,	low	self-esteem,	and	a	lot	of	painful	or	unpleasant	emotions.	You	might	constantly	relive	the	event	--	or	lose	your	memory	of	it	altogether.When	you	have	PTSD,	it	might	feel	like	you'll	never	get	your	life	back.	But	it	can	be	treated.	Short-	and	long-term	psychotherapy	and	medications	can	work	very	well.	Often,	the	two	kinds	of	treatment	are
more	effective	together.PTSD	therapy	has	three	main	goals:Improve	your	symptomsTeach	you	skills	to	deal	with	itRestore	your	self-esteemMost	PTSD	therapies	fall	under	the	umbrella	of	cognitive	behavioral	therapy	(CBT).	The	idea	is	to	change	the	thought	patterns	that	are	disturbing	your	life.	This	might	happen	through	talking	about	your	trauma	or
concentrating	on	where	your	fears	come	from.Depending	on	your	situation,	group	or	family	therapy	might	be	a	good	choice	for	you	instead	of	individual	sessions.CPT	is	a	12-week	course	of	treatment,	with	weekly	sessions	of	60-90	minutes.At	first,	you'll	talk	about	the	traumatic	event	with	your	therapist	and	how	your	thoughts	related	to	it	have	affected
your	life.	Then	you'll	write	in	detail	about	what	happened.	This	process	helps	you	examine	how	you	think	about	your	trauma	and	figure	out	new	ways	to	live	with	it.For	example,	maybe	you've	been	blaming	yourself	for	something.	Your	therapist	will	help	you	take	into	account	all	the	things	that	were	beyond	your	control,	so	you	can	move	forward,
understanding	and	accepting	that,	deep	down,	it	wasn't	your	fault,	despite	things	you	did	or	didn't	do.If	you've	been	avoiding	things	that	remind	you	of	the	traumatic	event,	PE	will	help	you	confront	them.	It	involves	eight	to	15	sessions,	usually	90	minutes	each.Early	on	in	treatment,	your	therapist	will	teach	you	breathing	techniques	to	ease	your
anxiety	when	you	think	about	what	happened.	Later,	you'll	make	a	list	of	the	things	you've	been	avoiding	and	learn	how	to	face	them,	one	by	one.	In	another	session,	you'll	recount	the	traumatic	experience	to	your	therapist,	then	go	home	and	listen	to	a	recording	of	yourself.Doing	this	as	"homework"	over	time	may	help	ease	your	symptoms.With	EMDR,
you	might	not	have	to	tell	your	therapist	about	your	experience.	Instead,	you	concentrate	on	it	while	you	watch	or	listen	to	something	they're	doing	--	maybe	moving	a	hand,	flashing	a	light,	or	making	a	sound.The	goal	is	to	be	able	to	think	about	something	positive	while	you	remember	your	trauma.	It	takes	about	3	months	of	weekly	sessions.SIT	is	a	type
of	CBT.	You	can	do	it	by	yourself	or	in	a	group.	You	won't	have	to	go	into	detail	about	what	happened.	The	focus	is	more	on	changing	how	you	deal	with	the	stress	from	the	event.You	might	learn	massage	and	breathing	techniques	and	other	ways	to	stop	negative	thoughts	by	relaxing	your	mind	and	body.	After	about	3	months,	you	should	have	the	skills
to	release	the	added	stress	from	your	life.The	brains	of	people	with	PTSD	process	"threats"	differently,	in	part	because	the	balance	of	chemicals	called	neurotransmitters	is	out	of	whack.	They	have	an	easily	triggered	"fight	or	flight"	response,	which	is	what	makes	you	jumpy	and	on	edge.	Constantly	trying	to	shut	that	down	could	lead	to	feeling
emotionally	cold	and	removed.	Medications	help	you	stop	thinking	about	and	reacting	to	what	happened,	including	having	nightmares	and	flashbacks.	They	can	also	help	you	have	a	more	positive	outlook	on	life	and	feel	more	"normal"	again.Several	types	of	drugs	affect	the	chemistry	in	your	brain	related	to	fear	and	anxiety.	Doctors	will	usually	start
with	medications	that	affect	the	neurotransmitters	serotonin	or	norepinephrine	(SSRIs	and	SNRIs),	including:The	FDA	has	approved	only	paroxetine	and	sertraline	for	treating	PTSD.Because	people	respond	differently	to	medications,	and	not	everyone's	PTSD	is	the	same,	your	doctor	may	prescribe	other	medicines	"off-label,"	too.	(That	means	the
manufacturer	didn't	ask	the	FDA	to	review	studies	of	the	drug	showing	that	it's	effective	specifically	for	PTSD.)	These	may	include:AntidepressantsMonoamine	oxidase	inhibitors	(MAOIs)Antipsychotics	or	second-generation	antipsychotics	(SGAs)Beta-blockersBenzodiazepines	It's	OK	for	you	to	use	a	medicine	off-label	if	your	doctor	thinks	there's	a
reason	to.Medications	might	help	you	with	specific	symptoms	or	related	issues,	such	as	prazosin	(Minipress)	for	insomnia	and	nightmares.	Which	one	or	combination	of	meds	is	likely	to	work	best	for	you	depends	in	part	on	the	kinds	of	trouble	you're	having	in	your	life,	what	the	side	effects	are	like,	and	whether	you	also	have	anxiety,	depression,	bipolar
disorder,	or	substance	abuse	problems.It	takes	time	to	get	the	dosage	of	some	medications	right.	With	certain	medications,	you	might	need	to	have	regular	tests	--	for	example,	to	see	how	your	liver	is	working	--	or	check	in	with	your	doctor	because	of	possible	side	effects.Medications	probably	won't	get	rid	of	your	symptoms,	but	they	can	make	them	less
intense	and	more	manageable.	Organ	system	that	gives	humans	the	capacity	to	move	by	using	their	muscular	and	skeletal	systems	Further	information:	Human	body	Musculoskeletal	systemFeatures	of	the	human	activity	system	from	the	1911	Encyclopædia	BritannicaIdentifiersMeSHD009141TA2351FMA7482Anatomical	terminology[edit	on	Wikidata]
The	human	musculoskeletal	system	(also	known	as	the	human	locomotor	system,	and	previously	the	activity	system)	is	an	organ	system	that	gives	humans	the	ability	to	move	using	their	muscular	and	skeletal	systems.	The	musculoskeletal	system	provides	form,	support,	stability,	and	movement	to	the	body.	The	human	musculoskeletal	system	is	made	up
of	the	bones	of	the	skeleton,	muscles,	cartilage,[1]	tendons,	ligaments,	joints,	and	other	connective	tissue	that	supports	and	binds	tissues	and	organs	together.	The	musculoskeletal	system's	primary	functions	include	supporting	the	body,	allowing	motion,	and	protecting	vital	organs.[2]	The	skeletal	portion	of	the	system	serves	as	the	main	storage	system
for	calcium	and	phosphorus	and	contains	critical	components	of	the	hematopoietic	system.[3]	This	system	describes	how	bones	are	connected	to	other	bones	and	muscle	fibers	via	connective	tissue	such	as	tendons	and	ligaments.	The	bones	provide	stability	to	the	body.	Muscles	keep	bones	in	place	and	also	play	a	role	in	the	movement	of	bones.	To	allow
motion,	different	bones	are	connected	by	joints.	Cartilage	prevents	the	bone	ends	from	rubbing	directly	onto	each	other.	Muscles	contract	to	move	the	bone	attached	at	the	joint.	There	are,	however,	diseases	and	disorders	that	may	adversely	affect	the	function	and	overall	effectiveness	of	the	system.	These	diseases	can	be	difficult	to	diagnose	due	to	the
close	relation	of	the	musculoskeletal	system	to	other	internal	systems.	The	musculoskeletal	system	refers	to	the	system	having	its	muscles	attached	to	an	internal	skeletal	system	and	is	necessary	for	humans	to	move	to	a	more	favorable	position.	Complex	issues	and	injuries	involving	the	musculoskeletal	system	are	usually	handled	by	a	physiatrist
(specialist	in	physical	medicine	and	rehabilitation)	or	an	orthopaedic	surgeon.	Main	article:	Human	skeleton	The	skeletal	system	serves	many	important	functions;	it	provides	the	shape	and	form	for	the	body,	support	and	protection,	allows	bodily	movement,	produces	blood	for	the	body,	and	stores	minerals.[4]	The	number	of	bones	in	the	human	skeletal
system	is	a	controversial	topic.	Humans	are	born	with	over	300	bones;	however,	many	bones	fuse	together	between	birth	and	maturity.	As	a	result,	an	average	adult	skeleton	consists	of	206	bones.	The	number	of	bones	varies	according	to	the	method	used	to	derive	the	count.	While	some	consider	certain	structures	to	be	a	single	bone	with	multiple	parts,
others	may	see	it	as	a	single	part	with	multiple	bones.[5]	There	are	five	general	classifications	of	bones.	These	are	long	bones,	short	bones,	flat	bones,	irregular	bones,	and	sesamoid	bones.	The	human	skeleton	is	composed	of	both	fused	and	individual	bones	supported	by	ligaments,	tendons,	muscles	and	cartilage.	It	is	a	complex	structure	with	two
distinct	divisions;	the	axial	skeleton,	which	includes	the	vertebral	column,	and	the	appendicular	skeleton.[6]	The	skeletal	system	serves	as	a	framework	for	tissues	and	organs	to	attach	themselves	to.	This	system	acts	as	a	protective	structure	for	vital	organs.	Major	examples	of	this	are	the	brain	being	protected	by	the	skull	and	the	lungs	being	protected
by	the	rib	cage.	Located	in	long	bones	are	two	distinctions	of	bone	marrow	(yellow	and	red).	The	yellow	marrow	has	fatty	connective	tissue	and	is	found	in	the	marrow	cavity.	During	starvation,	the	body	uses	the	fat	in	yellow	marrow	for	energy.[7]	The	red	marrow	of	some	bones	is	an	important	site	for	blood	cell	production,	approximately	2.6	million	red
blood	cells	per	second	in	order	to	replace	existing	cells	that	have	been	destroyed	by	the	liver.[4]	Here	all	erythrocytes,	platelets,	and	most	leukocytes	form	in	adults.	From	the	red	marrow,	erythrocytes,	platelets,	and	leukocytes	migrate	to	the	blood	to	do	their	special	tasks.	Another	function	of	bones	is	the	storage	of	certain	minerals.	Calcium	and
phosphorus	are	among	the	main	minerals	being	stored.	The	importance	of	this	storage	"device"	helps	to	regulate	mineral	balance	in	the	bloodstream.	When	the	fluctuation	of	minerals	is	high,	these	minerals	are	stored	in	the	bone;	when	it	is	low	they	will	be	withdrawn	from	the	bone.	Main	article:	Muscle	The	body	contains	three	types	of	muscle	tissue:
(a)	skeletal	muscle,	(b)	smooth	muscle,	and	(c)	cardiac	muscle.	On	the	anterior	and	posterior	views	of	the	muscular	system	above,	superficial	muscles	(those	at	the	surface)	are	shown	on	the	right	side	of	the	body	while	deep	muscles	(those	underneath	the	superficial	muscles)	are	shown	on	the	left	half	of	the	body.	For	the	legs,	superficial	muscles	are
shown	in	the	anterior	view	while	the	posterior	view	shows	both	superficial	and	deep	muscles.	There	are	three	types	of	muscles—cardiac,	skeletal,	and	smooth.	Smooth	muscles	are	used	to	control	the	flow	of	substances	within	the	lumens	of	hollow	organs,	and	are	not	consciously	controlled.	Skeletal	and	cardiac	muscles	have	striations	that	are	visible
under	a	microscope	due	to	the	components	within	their	cells.	Only	skeletal	and	smooth	muscles	are	part	of	the	musculoskeletal	system	and	only	the	muscles	can	move	the	body.	Cardiac	muscles	are	found	in	the	heart	and	are	used	only	to	circulate	blood;	like	the	smooth	muscles,	these	muscles	are	not	under	conscious	control.	Skeletal	muscles	are
attached	to	bones	and	arranged	in	opposing	groups	around	joints.[8]	Muscles	are	innervated,	whereby	nervous	signals	are	communicated[9]	by	nerves,	which	conduct	electrical	currents	from	the	central	nervous	system	and	cause	the	muscles	to	contract.[10]	Main	article:	Muscle	contraction	In	mammals,	when	a	muscle	contracts,	a	series	of	reactions
occur.	Muscle	contraction	is	stimulated	by	the	motor	neuron	sending	a	message	to	the	muscles	from	the	somatic	nervous	system.	Depolarization	of	the	motor	neuron	results	in	neurotransmitters	being	released	from	the	nerve	terminal.	The	space	between	the	nerve	terminal	and	the	muscle	cell	is	called	the	neuromuscular	junction.	These
neurotransmitters	diffuse	across	the	synapse	and	bind	to	specific	receptor	sites	on	the	cell	membrane	of	the	muscle	fiber.	When	enough	receptors	are	stimulated,	an	action	potential	is	generated	and	the	permeability	of	the	sarcolemma	is	altered.	This	process	is	known	as	initiation.[11]	Main	article:	Tendon	A	tendon	is	a	tough,	flexible	band	of	fibrous
connective	tissue	that	connects	muscles	to	bones.[12]	The	extra-cellular	connective	tissue	between	muscle	fibers	binds	to	tendons	at	the	distal	and	proximal	ends,	and	the	tendon	binds	to	the	periosteum	of	individual	bones	at	the	muscle's	origin	and	insertion.	As	muscles	contract,	tendons	transmit	the	forces	to	the	relatively	rigid	bones,	pulling	on	them
and	causing	movement.	Tendons	can	stretch	substantially,	allowing	them	to	function	as	springs	during	locomotion,	thereby	saving	energy.	Main	article:	Joint	Human	synovial	joint	composition	The	Joints	are	structures	that	connect	individual	bones	and	may	allow	bones	to	move	against	each	other	to	cause	movement.	There	are	three	divisions	of	joints,
diarthroses	which	allow	extensive	mobility	between	two	or	more	articular	heads;	amphiarthrosis,	which	is	a	joint	that	allows	some	movement,	and	false	joints	or	synarthroses,	joints	that	are	immovable,	that	allow	little	or	no	movement	and	are	predominantly	fibrous.	Synovial	joints,	joints	that	are	not	directly	joined,	are	lubricated	by	a	solution	called
synovial	fluid	that	is	produced	by	the	synovial	membranes.	This	fluid	lowers	the	friction	between	the	articular	surfaces	and	is	kept	within	an	articular	capsule,	binding	the	joint	with	its	taut	tissue.[6]	Main	article:	Ligament	A	ligament	is	a	small	band	of	dense,	white,	fibrous	elastic	tissue.[6]	Ligaments	connect	the	ends	of	bones	together	in	order	to	form	a
joint.	Most	ligaments	limit	dislocation,	or	prevent	certain	movements	that	may	cause	breaks.	Since	they	are	only	elastic	they	increasingly	lengthen	when	under	pressure.	When	this	occurs	the	ligament	may	be	susceptible	to	break	resulting	in	an	unstable	joint.	Ligaments	may	also	restrict	some	actions:	movements	such	as	hyper	extension	and	hyper
flexion	are	restricted	by	ligaments	to	an	extent.	Also	ligaments	prevent	certain	directional	movement.[13]	Main	article:	Bursa	(anatomy)	A	bursa	is	a	small	fluid-filled	sac	made	of	white	fibrous	tissue	and	lined	with	synovial	membrane.	Bursa	may	also	be	formed	by	a	synovial	membrane	that	extends	outside	of	the	joint	capsule.[7]	It	provides	a	cushion
between	bones	and	tendons	or	muscles	around	a	joint;	bursa	are	filled	with	synovial	fluid	and	are	found	around	almost	every	major	joint	of	the	body.	Further	information:	Musculoskeletal	disorders,	Rheumatology,	and	Orthopedic	surgery	Disability-adjusted	life	year	for	musculoskeletal	diseases	per	100,000	inhabitants	in	2004.[14]			no	data			less	than
400			400–450			450–500			500–550			550–600			600–650			650–700			700–850			850–900			900–925			925–950			more	than	950	Because	many	other	body	systems,	including	the	vascular,	nervous,	and	integumentary	systems,	are	interrelated,	disorders	of	one	of	these	systems	may	also	affect	the	musculoskeletal	system	and	complicate	the	diagnosis	of	the
disorder's	origin.	Diseases	of	the	musculoskeletal	system	mostly	encompass	functional	disorders	or	motion	discrepancies;	the	level	of	impairment	depends	specifically	on	the	problem	and	its	severity.	In	a	study	of	hospitalizations	in	the	United	States,	the	most	common	inpatient	OR	procedures	in	2012	involved	the	musculoskeletal	system:	knee
arthroplasty,	laminectomy,	hip	replacement,	and	spinal	fusion.[15]	Articular	(of	or	pertaining	to	the	joints)[16]	disorders	are	the	most	common.	However,	also	among	the	diagnoses	are:	primary	muscular	diseases,	neurologic	(related	to	the	medical	science	that	deals	with	the	nervous	system	and	disorders	affecting	it)[17]	deficits,	toxins,	endocrine
abnormalities,	metabolic	disorders,	infectious	diseases,	blood	and	vascular	disorders,	and	nutritional	imbalances.	Disorders	of	muscles	from	another	body	system	can	bring	about	irregularities	such	as:	impairment	of	ocular	motion	and	control,	respiratory	dysfunction,	and	bladder	malfunction.	Complete	paralysis,	paresis,	or	ataxia	may	be	caused	by
primary	muscular	dysfunctions	of	infectious	or	toxic	origin;	however,	the	primary	disorder	is	usually	related	to	the	nervous	system,	with	the	muscular	system	acting	as	the	effector	organ,	an	organ	capable	of	responding	to	a	stimulus,	especially	a	nerve	impulse.[3]	One	understated	disorder	that	begins	during	pregnancy	is	pelvic	girdle	pain.	It	is	complex,
multi-factorial,	and	likely	to	be	also	represented	by	a	series	of	sub-groups	driven	by	pain	varying	from	peripheral	or	central	nervous	system,[18]	altered	laxity/stiffness	of	muscles,[19]	laxity	to	injury	of	tendinous/ligamentous	structures[20]	to	maladaptive	body	mechanics.[18]	Skeletal	muscles	of	the	human	body	Skeletal	muscle	Muscular	system	^
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reactions	after	experiencing	or	witnessing	a	traumatic	event,	such	as	a	natural	disaster,	act	of	violence,	or	serious	accident.	Common	reactions	include	feeling	anxious,	sad,	or	angry;	having	trouble	concentrating	and	sleeping;	and	thinking	about	what	happened.	Most	people	will	recover	from	these	symptoms,	and	their	reactions	will	lessen	over
time.People	may	be	diagnosed	with	post-traumatic	stress	disorder	(PTSD)	if	their	symptoms	last	for	an	extended	period	after	a	traumatic	event	and	begin	to	interfere	with	aspects	of	daily	life,	such	as	relationships	or	work.	People	who	have	PTSD	may	continue	to	feel	stressed	or	frightened,	even	though	they	are	not	in	danger.	Clinical	trials	are	research
studies	that	look	at	new	ways	to	prevent,	detect,	or	treat	diseases	and	conditions.	To	learn	more	or	find	a	study,	visit:	Find	help	and	support	Additional	federal	resources	Medications	for	PTSD		(U.S.	Department	of	Veterans	Affairs):	Information	about	effective	medications	for	treating	PTSD	and	considerations	for	evaluating	treatment	optionsNational
Center	for	PTSD		(U.S.	Department	of	Veterans	Affairs):	Information	and	resources	for	anyone	interested	in	PTSD,	including	veterans	and	their	family	and	friends,	researchers,	and	health	care	providers.	The	site	offers	videos,	apps,	online	programs,	and	other	tools	to	help	people	with	PTSD	and	their	loved	onesPTSD		(MedlinePlus):	Information,	journal
articles,	and	other	resources	about	PTSD	collected	by	the	National	Library	of	Medicine	Last	Reviewed:	December	2024	It	is	natural	to	feel	afraid	during	and	after	a	traumatic	situation.	Fear	is	a	part	of	the	body’s	“fight-or-flight”	response,	which	helps	us	avoid	or	respond	to	potential	danger.	People	may	experience	a	range	of	reactions	after	trauma,	and
most	will	recover	from	their	symptoms	over	time.	Those	who	continue	to	experience	symptoms	may	be	diagnosed	with	post-traumatic	stress	disorder	(PTSD).	Anyone	can	develop	PTSD	at	any	age.	This	includes	combat	veterans	and	people	who	have	experienced	or	witnessed	a	physical	or	sexual	assault,	abuse,	an	accident,	a	disaster,	a	terror	attack,	or
other	serious	events.	People	who	have	PTSD	may	feel	stressed	or	frightened,	even	when	they	are	no	longer	in	danger.	Not	everyone	with	PTSD	has	been	through	a	dangerous	event.	Sometimes,	learning	that	a	relative	or	close	friend	experienced	trauma	can	cause	PTSD.	About	6	of	every	100	people	will	experience	PTSD	at	some	point	in	their	lifetime,
according	to	the	National	Center	for	PTSD,	a	U.S.	Department	of	Veterans	Affairs	program.	Women	are	more	likely	than	men	to	develop	PTSD.	Certain	aspects	of	the	traumatic	event	and	biological	factors	(such	as	genes)	may	make	some	people	more	likely	to	develop	PTSD.	Symptoms	of	PTSD	usually	begin	within	3	months	of	the	traumatic	event,	but
they	sometimes	emerge	later.	To	meet	the	criteria	for	PTSD,	a	person	must	have	symptoms	for	longer	than	1	month,	and	the	symptoms	must	be	severe	enough	to	interfere	with	aspects	of	daily	life,	such	as	relationships	or	work.	The	symptoms	also	must	be	unrelated	to	medication,	substance	use,	or	other	illness.	The	course	of	the	disorder	varies.
Although	some	people	recover	within	6	months,	others	have	symptoms	that	last	for	1	year	or	longer.	People	with	PTSD	often	have	co-occurring	conditions,	such	as	depression,	substance	use,	or	one	or	more	anxiety	disorders.	After	a	dangerous	event,	it	is	natural	to	have	some	symptoms.	For	example,	some	people	may	feel	detached	from	the	experience,
as	though	they	are	observing	things	as	an	outsider	rather	than	experiencing	them.	A	mental	health	professional—such	as	a	psychiatrist,	psychologist,	or	clinical	social	worker—can	determine	whether	symptoms	meet	the	criteria	for	PTSD.	To	be	diagnosed	with	PTSD,	an	adult	must	have	all	of	the	following	for	at	least	1	month:	At	least	one	re-
experiencing	symptom	At	least	one	avoidance	symptom	At	least	two	arousal	and	reactivity	symptoms	At	least	two	cognition	and	mood	symptoms	Re-experiencing	symptoms	Flashbacks—reliving	the	traumatic	event,	including	physical	symptoms,	such	as	a	racing	heart	or	sweating	Recurring	memories	or	dreams	related	to	the	event	Distressing	thoughts
Physical	signs	of	stress	Thoughts	and	feelings	can	trigger	these	symptoms,	as	can	words,	objects,	or	situations	that	are	reminders	of	the	event.	Avoidance	symptoms	Staying	away	from	places,	events,	or	objects	that	are	reminders	of	the	experience	Avoiding	thoughts	or	feelings	related	to	the	traumatic	event	Avoidance	symptoms	may	cause	people	to
change	their	routines.	For	example,	some	people	may	avoid	driving	or	riding	in	a	car	after	a	serious	car	accident.	Arousal	and	reactivity	symptoms	Being	easily	startled	Feeling	tense,	on	guard,	or	on	edge	Having	difficulty	concentrating	Having	difficulty	falling	asleep	or	staying	asleep	Feeling	irritable	and	having	angry	or	aggressive	outbursts	Engaging
in	risky,	reckless,	or	destructive	behavior	Arousal	symptoms	are	often	constant.	They	can	lead	to	feelings	of	stress	and	anger	and	may	interfere	with	parts	of	daily	life,	such	as	sleeping,	eating,	or	concentrating.	Cognition	and	mood	symptoms	Trouble	remembering	key	features	of	the	traumatic	event	Negative	thoughts	about	oneself	or	the	world
Exaggerated	feelings	of	blame	directed	toward	oneself	or	others	Ongoing	negative	emotions,	such	as	fear,	anger,	guilt,	or	shame	Loss	of	interest	in	previous	activities	Feelings	of	social	isolation	Difficulty	feeling	positive	emotions,	such	as	happiness	or	satisfaction	Cognition	and	mood	symptoms	can	begin	or	worsen	after	the	traumatic	event.	They	can
lead	people	to	feel	detached	from	friends	or	family	members.	Children	and	teens	can	have	extreme	reactions	to	traumatic	events,	but	their	symptoms	may	not	be	the	same	as	those	seen	in	adults.	In	children	younger	than	age	6,	symptoms	can	include:	Wetting	the	bed	after	having	learned	to	use	the	toilet	Forgetting	how	to	talk	or	being	unable	to	talk
Acting	out	the	scary	event	during	playtime	Being	unusually	clingy	with	a	parent	or	other	adult	Older	children	and	teens	usually	show	symptoms	more	like	those	seen	in	adults.	They	also	may	develop	disruptive,	disrespectful,	or	destructive	behaviors.	Older	children	and	teens	may	feel	guilt	over	not	preventing	injury	or	death,	or	have	thoughts	of	revenge.
Find	more	information	on	helping	children	and	adolescents	cope	with	traumatic	events.	Not	everyone	who	lives	through	a	dangerous	event	develops	PTSD—many	factors	play	a	part.	Some	of	these	factors	are	present	before	the	trauma;	others	play	a	role	during	and	after	a	traumatic	event.	Risk	factors	that	may	increase	the	likelihood	of	developing	PTSD
include:	Exposure	to	previous	traumatic	experiences,	particularly	during	childhood	Getting	hurt	or	seeing	people	hurt	or	killed	Feeling	horror,	helplessness,	or	extreme	fear	Having	little	or	no	social	support	after	the	event	Dealing	with	stressors	after	the	event,	such	as	the	loss	of	a	loved	one,	pain	and	injury,	or	loss	of	a	job	or	home	Having	a	personal
history	or	family	history	of	mental	illness	or	substance	use	Resilience	factors	that	may	reduce	the	likelihood	of	developing	PTSD	include:	Seeking	out	and	receiving	support	from	friends,	family,	or	support	groups	Learning	to	feel	okay	with	one’s	actions	in	response	to	a	traumatic	event	Having	a	coping	strategy	for	getting	through	and	learning	from	a
traumatic	event	Being	prepared	and	able	to	respond	to	upsetting	events	as	they	occur,	despite	feeling	fear	It	is	important	for	people	with	PTSD	symptoms	to	work	with	a	mental	health	professional	who	has	experience	treating	PTSD.	The	main	treatments	are	psychotherapy,	medications,	or	a	combination	of	psychotherapy	and	medications.	An
experienced	mental	health	professional	can	help	people	find	the	best	treatment	plan	for	their	symptoms	and	needs.	Some	people	with	PTSD,	such	as	those	in	abusive	relationships,	may	be	living	through	ongoing	trauma.	In	these	cases,	treatment	is	usually	most	effective	when	it	addresses	both	the	traumatic	situation	and	the	symptoms	of	PTSD.	People
who	experience	traumatic	events	or	who	have	PTSD	may	also	experience	panic	disorder,	depression,	substance	use,	or	suicidal	thoughts.	Treatment	for	these	conditions	can	help	with	recovery	after	trauma.	Research	shows	that	support	from	family	and	friends	also	can	be	an	essential	part	of	recovery.	Find	tips	to	help	prepare	and	guide	you	in	talking	to
your	health	care	provider	about	your	mental	health.	Psychotherapy	Psychotherapy,	sometimes	called	talk	therapy,	includes	a	variety	of	treatment	techniques	that	mental	health	professionals	use	to	help	people	identify	and	change	troubling	emotions,	thoughts,	and	behaviors.	Psychotherapy	can	provide	support,	education,	and	guidance	to	people	with
PTSD	and	their	families.	Treatment	can	take	place	one	on	one	or	in	a	group	setting	and	usually	lasts	6	to	12	weeks	but	can	last	longer.	Some	types	of	psychotherapy	target	PTSD	symptoms,	while	others	focus	on	social,	family,	or	job-related	problems.	Effective	psychotherapies	often	emphasize	a	few	key	components,	including	learning	skills	to	help
identify	triggers	and	manage	symptoms.	A	common	type	of	psychotherapy	called	cognitive	behavioral	therapy	can	include	exposure	therapy	and	cognitive	restructuring.	Exposure	therapy	helps	people	learn	to	manage	their	fear	by	gradually	exposing	them,	in	a	safe	way,	to	the	trauma	they	experienced.	As	part	of	exposure	therapy,	people	may	think	or
write	about	the	trauma	or	visit	the	place	where	it	happened.	This	therapy	can	help	people	with	PTSD	reduce	symptoms	that	cause	them	distress.	Cognitive	restructuring	helps	people	make	sense	of	the	traumatic	event.	Sometimes	people	remember	the	event	differently	from	how	it	happened,	or	they	may	feel	guilt	or	shame	about	something	that	is	not
their	fault.	Cognitive	restructuring	can	help	people	with	PTSD	think	about	what	happened	in	a	realistic	way.	Learn	more	about	psychotherapy.	Medications	The	U.S.	Food	and	Drug	Administration	(FDA)	has	approved	two	selective	serotonin	reuptake	inhibitors	(SSRIs),	a	type	of	antidepressant	medication,	for	the	treatment	of	PTSD.	SSRIs	may	help
people	manage	PTSD	symptoms,	such	as	sadness,	worry,	anger,	and	feeling	emotionally	numb.	Health	care	providers	may	prescribe	SSRIs	and	other	medications	along	with	psychotherapy.	Some	medications	may	help	treat	specific	PTSD	symptoms,	such	as	sleep	problems	and	nightmares.	People	should	work	with	their	health	care	providers	to	find	the
best	medication	or	combination	of	medications	and	the	right	dose.	Read	the	latest	medication	warnings,	patient	medication	guides,	and	information	on	newly	approved	medications	on	the	FDA	website	.	The	Substance	Abuse	and	Mental	Health	Services	Administration	has	an	online	treatment	locator		at	to	help	you	find	mental	health	services	in	your
area.	Learn	more	about	getting	help	on	the	NIMH	website.	You	can	get	better	with	treatment.	Here	are	some	things	you	can	do	to	help	yourself:	Talk	with	your	health	care	provider	about	treatment	options	and	follow	your	treatment	plan.	Engage	in	exercise,	mindfulness,	or	other	activities	that	help	reduce	stress.	Try	to	maintain	routines	for	meals,
exercise,	and	sleep.	Set	realistic	goals	and	focus	on	what	you	can	manage.	Spend	time	with	trusted	friends	or	relatives	and	tell	them	about	things	that	may	trigger	symptoms.	Expect	your	symptoms	to	improve	gradually,	not	immediately.	Avoid	the	use	of	alcohol	or	drugs.	If	you	know	someone	who	may	be	experiencing	PTSD,	the	most	important	thing
you	can	do	is	to	help	that	person	get	the	right	diagnosis	and	treatment.	Some	people	may	need	help	making	an	appointment	with	their	health	care	provider;	others	may	benefit	from	having	someone	accompany	them	to	their	health	care	visits.	If	a	close	friend	or	relative	is	diagnosed	with	PTSD,	you	can	encourage	them	to	follow	their	treatment	plan.	If
their	symptoms	do	not	improve	after	6	to	8	weeks,	you	can	encourage	them	to	talk	about	it	with	their	health	care	provider.	You	also	can:	Offer	emotional	support,	understanding,	patience,	and	encouragement.	Learn	about	PTSD	so	you	can	understand	what	your	friend	is	experiencing.	Listen	carefully.	Pay	attention	to	the	person’s	feelings	and	the
situations	that	may	trigger	PTSD	symptoms.	Share	positive	distractions,	such	as	walks,	outings,	and	other	activities.	The	National	Center	for	PTSD,	a	program	of	the	U.S.	Department	of	Veterans	Affairs,	is	the	leading	federal	center	for	research	and	education	on	PTSD	and	traumatic	stress.	You	can	find	information	about	PTSD,	treatment	options,	getting
help,	and	additional	resources	for	families,	friends,	and	providers	on	the	center’s	website	.	NIMH	supports	a	wide	range	of	research,	including	clinical	trials	that	look	at	new	ways	to	prevent,	detect,	or	treat	diseases	and	conditions—including	PTSD.	Although	individuals	may	benefit	from	being	part	of	a	clinical	trial,	participants	should	be	aware	that	the
primary	purpose	of	a	clinical	trial	is	to	gain	new	scientific	knowledge	so	that	others	may	be	better	helped	in	the	future.	Researchers	at	NIMH	and	around	the	country	conduct	clinical	trials	with	patients	and	healthy	volunteers.	Talk	to	a	health	care	provider	about	clinical	trials,	their	benefits	and	risks,	and	whether	one	is	right	for	you.	Learn	more
about participating	in	clinical	trials.	The	information	in	this	publication	is	in	the	public	domain	and	may	be	reused	or	copied	without	permission.	However,	you	may	not	reuse	or	copy	images.	Please	cite	the	National	Institute	of	Mental	Health	as	the	source.	Read	our	copyright	policy	to	learn	more	about	our	guidelines	for	reusing	NIMH	content.
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disorderImmunodeficiencySignificant	testsAgglutinationImmunoassayImmunoprecipitationSerologySpecialistImmunologist	Immunology	Timeline	Outline	Index	Category	vte	Immunology	is	a	branch	of	biology	and	medicine[1]	that	covers	the	study	of	immune	systems[2]	in	all	organisms.	Immunology	charts,	measures,	and	contextualizes	the	physiological
functioning	of	the	immune	system	in	states	of	both	health	and	diseases;	malfunctions	of	the	immune	system	in	immunological	disorders	(such	as	autoimmune	diseases,	hypersensitivities,[3]	immune	deficiency,[4]	and	transplant	rejection[5]);	and	the	physical,	chemical,	and	physiological	characteristics	of	the	components	of	the	immune	system	in	vitro,[6]
in	situ,	and	in	vivo.[7]	Immunology	has	applications	in	numerous	disciplines	of	medicine,	particularly	in	the	fields	of	organ	transplantation,	oncology,	rheumatology,	virology,	bacteriology,	parasitology,	psychiatry,	and	dermatology.	The	term	was	coined	by	Russian	biologist	Ilya	Ilyich	Mechnikov,[8]	who	advanced	studies	on	immunology	and	received	the
Nobel	Prize	for	his	work	in	1908	with	Paul	Ehrlich	"in	recognition	of	their	work	on	immunity".	He	pinned	small	thorns	into	starfish	larvae	and	noticed	unusual	cells	surrounding	the	thorns.	This	was	the	active	response	of	the	body	trying	to	maintain	its	integrity.	It	was	Mechnikov	who	first	observed	the	phenomenon	of	phagocytosis,[9]	in	which	the	body
defends	itself	against	a	foreign	body.	Ehrlich	accustomed	mice	to	the	poisonous	ricin	and	abrin.	After	feeding	them	with	small	but	increasing	dosages	of	ricin	he	ascertained	that	they	had	become	"ricin-proof".	Ehrlich	interpreted	this	as	immunization	and	observed	that	it	was	abruptly	initiated	after	a	few	days	and	was	still	in	existence	after	several
months.	Prior	to	the	designation	of	immunity,[10]	from	the	etymological	root	immunis,	which	is	Latin	for	'exempt',	early	physicians	characterized	organs	that	would	later	be	proven	as	essential	components	of	the	immune	system.	The	important	lymphoid	organs	of	the	immune	system	are	the	thymus,[11]	bone	marrow,	and	chief	lymphatic	tissues	such	as
spleen,	tonsils,	lymph	vessels,	lymph	nodes,	adenoids,	and	liver.	However,	many	components	of	the	immune	system	are	cellular	in	nature,	and	not	associated	with	specific	organs,	but	rather	embedded	or	circulating	in	various	tissues	located	throughout	the	body.	Classical	immunology	ties	in	with	the	fields	of	epidemiology	and	medicine.	It	studies	the
relationship	between	the	body	systems,	pathogens,	and	immunity.	The	earliest	written	mention	of	immunity	can	be	traced	back	to	the	plague	of	Athens	in	430	BCE.	Thucydides	noted	that	people	who	had	recovered	from	a	previous	bout	of	the	disease	could	nurse	the	sick	without	contracting	the	illness	a	second	time.[12]	Many	other	ancient	societies
have	references	to	this	phenomenon,	but	it	was	not	until	the	19th	and	20th	centuries	before	the	concept	developed	into	scientific	theory.	The	study	of	the	molecular	and	cellular	components	that	comprise	the	immune	system,	including	their	function	and	interaction,	is	the	central	science	of	immunology.	The	immune	system	has	been	divided	into	a	more
primitive	innate	immune	system	and,	in	vertebrates,	an	acquired	or	adaptive	immune	system.	The	latter	is	further	divided	into	humoral	(or	antibody)	and	cell-mediated	components.[citation	needed]	The	immune	system	has	the	capability	of	self	and	non-self-recognition.[13]	An	antigen	is	a	substance	that	ignites	the	immune	response.	The	cells	involved	in
recognizing	the	antigen	are	Lymphocytes.	Once	they	recognize,	they	secrete	antibodies.	Antibodies	are	proteins	that	neutralize	the	disease-causing	microorganisms.	Antibodies	do	not	directly	kill	pathogens,	but	instead,	identify	antigens	as	targets	for	destruction	by	other	immune	cells	such	as	phagocytes	or	NK	cells.	The	(antibody)	response	is	defined
as	the	interaction	between	antibodies	and	antigens.[14]	Antibodies	are	specific	proteins	released	from	a	certain	class	of	immune	cells	known	as	B	lymphocytes,	while	antigens	are	defined	as	anything	that	elicits	the	generation	of	antibodies	(antibody	generators).	Immunology	rests	on	an	understanding	of	the	properties	of	these	two	biological	entities	and
the	cellular	response	to	both.	It	is	now	getting	clear	that	the	immune	responses	contribute	to	the	development	of	many	common	disorders	not	traditionally	viewed	as	immunologic,[15]	including	metabolic,	cardiovascular,	cancer,	and	neurodegenerative	conditions	like	Alzheimer's	disease.	Besides,	there	are	direct	implications	of	the	immune	system	in
the	infectious	diseases	(tuberculosis,	malaria,	hepatitis,	pneumonia,	dysentery,	and	helminth	infestations)	as	well.	Hence,	research	in	the	field	of	immunology	is	of	prime	importance	for	the	advancements	in	the	fields	of	modern	medicine,	biomedical	research,	and	biotechnology.	Main	article:	Immunodiagnostics	The	specificity	of	the	bond	between
antibody	and	antigen	has	made	the	antibody	an	excellent	tool	for	the	detection	of	substances	by	a	variety	of	diagnostic	techniques.	Antibodies	specific	for	a	desired	antigen	can	be	conjugated	with	an	isotopic	(radio)	or	fluorescent	label	or	with	a	color-forming	enzyme	in	order	to	detect	it.	However,	the	similarity	between	some	antigens	can	lead	to	false
positives	and	other	errors	in	such	tests	by	antibodies	cross-reacting	with	antigens	that	are	not	exact	matches.[16]	Main	article:	Immunotherapy	The	use	of	immune	system	components	or	antigens	to	treat	a	disease	or	disorder	is	known	as	immunotherapy.	Immunotherapy	is	most	commonly	used	to	treat	allergies,	autoimmune	disorders	such	as	Crohn's
disease,	Hashimoto's	thyroiditis	and	rheumatoid	arthritis,	and	certain	cancers.	Immunotherapy	is	also	often	used	for	patients	who	are	immunosuppressed	(such	as	those	with	HIV)	and	people	with	other	immune	deficiencies.	This	includes	regulating	factors	such	as	IL-2,	IL-10,	GM-CSF	B,	IFN-α.	Clinical	immunology	is	the	study	of	diseases	caused	by
disorders	of	the	immune	system	(failure,	aberrant	action,	and	malignant	growth	of	the	cellular	elements	of	the	system).	It	also	involves	diseases	of	other	systems,	where	immune	reactions	play	a	part	in	the	pathology	and	clinical	features.	The	diseases	caused	by	disorders	of	the	immune	system	fall	into	two	broad	categories:	immunodeficiency,	in	which
parts	of	the	immune	system	fail	to	provide	an	adequate	response	(examples	include	chronic	granulomatous	disease	and	primary	immune	diseases);	autoimmunity,	in	which	the	immune	system	attacks	its	own	host's	body	(examples	include	systemic	lupus	erythematosus,	rheumatoid	arthritis,	Hashimoto's	disease	and	myasthenia	gravis).	Other	immune
system	disorders	include	various	hypersensitivities	(such	as	in	asthma	and	other	allergies)	that	respond	inappropriately	to	otherwise	harmless	compounds.	The	most	well-known	disease	that	affects	the	immune	system	itself	is	AIDS,	an	immunodeficiency	characterized	by	the	suppression	of	CD4+	("helper")	T	cells,	dendritic	cells	and	macrophages	by	the
human	immunodeficiency	virus	(HIV).	Clinical	immunologists	also	study	ways	to	prevent	the	immune	system's	attempts	to	destroy	allografts	(transplant	rejection).[17]	Clinical	immunology	and	allergy	is	usually	a	subspecialty	of	internal	medicine	or	pediatrics.	Fellows	in	Clinical	Immunology	are	typically	exposed	to	many	of	the	different	aspects	of	the
specialty	and	treat	allergic	conditions,	primary	immunodeficiencies	and	systemic	autoimmune	and	autoinflammatory	conditions.	As	part	of	their	training	fellows	may	do	additional	rotations	in	rheumatology,	pulmonology,	otorhinolaryngology,	dermatology	and	the	immunologic	lab.[18]	When	health	conditions	worsen	to	emergency	status,	portions	of
immune	system	organs,	including	the	thymus,	spleen,	bone	marrow,	lymph	nodes,	and	other	lymphatic	tissues,	can	be	surgically	excised	for	examination	while	patients	are	still	alive.	Immunology	is	strongly	experimental	in	everyday	practice	but	is	also	characterized	by	an	ongoing	theoretical	attitude.	Many	theories	have	been	suggested	in	immunology
from	the	end	of	the	nineteenth	century	up	to	the	present	time.	The	end	of	the	19th	century	and	the	beginning	of	the	20th	century	saw	a	battle	between	"cellular"	and	"humoral"	theories	of	immunity.	According	to	the	cellular	theory	of	immunity,	represented	in	particular	by	Elie	Metchnikoff,	it	was	cells	–	more	precisely,	phagocytes	–	that	were
responsible	for	immune	responses.	In	contrast,	the	humoral	theory	of	immunity,	held	by	Robert	Koch[19]	and	Emil	von	Behring,[20]	among	others,	stated	that	the	active	immune	agents	were	soluble	components	(molecules)	found	in	the	organism's	"humors"	rather	than	its	cells.[21][22][23]	In	the	mid-1950s,	Macfarlane	Burnet,	inspired	by	a	suggestion
made	by	Niels	Jerne,[24]	formulated	the	clonal	selection	theory	(CST)	of	immunity.[25]	On	the	basis	of	CST,	Burnet	developed	a	theory	of	how	an	immune	response	is	triggered	according	to	the	self/nonself	distinction:	"self"	constituents	(constituents	of	the	body)	do	not	trigger	destructive	immune	responses,	while	"nonself"	entities	(e.g.,	pathogens,	an
allograft)	trigger	a	destructive	immune	response.[26]	The	theory	was	later	modified	to	reflect	new	discoveries	regarding	histocompatibility	or	the	complex	"two-signal"	activation	of	T	cells.[27]	The	self/nonself	theory	of	immunity	and	the	self/nonself	vocabulary	have	been	criticized,[23][28][29]	but	remain	very	influential.[30][31]	More	recently,	several
theoretical	frameworks	have	been	suggested	in	immunology,	including	"autopoietic"	views,[32]	"cognitive	immune"	views,[33]	the	"danger	model"	(or	"danger	theory"),[28]	and	the	"discontinuity"	theory.[34][35]	The	danger	model,	suggested	by	Polly	Matzinger	and	colleagues,	has	been	very	influential,	arousing	many	comments	and	discussions.[36][37]
[38][39]	The	body's	capability	to	react	to	antigens	depends	on	a	person's	age,	antigen	type,	maternal	factors	and	the	area	where	the	antigen	is	presented.[40]	Neonates	are	said	to	be	in	a	state	of	physiological	immunodeficiency,	because	both	their	innate	and	adaptive	immunological	responses	are	greatly	suppressed.	Once	born,	a	child's	immune	system
responds	favorably	to	protein	antigens	while	not	as	well	to	glycoproteins	and	polysaccharides.	In	fact,	many	of	the	infections	acquired	by	neonates	are	caused	by	low	virulence	organisms	like	Staphylococcus	and	Pseudomonas.	In	neonates,	opsonic	activity	and	the	ability	to	activate	the	complement	cascade	is	very	limited.	For	example,	the	mean	level	of
C3	in	a	newborn	is	approximately	65%	of	that	found	in	the	adult.	Phagocytic	activity	is	also	greatly	impaired	in	newborns.	This	is	due	to	lower	opsonic	activity,	as	well	as	diminished	up-regulation	of	integrin	and	selectin	receptors,	which	limit	the	ability	of	neutrophils	to	interact	with	adhesion	molecules	in	the	endothelium.	Their	monocytes	are	slow	and
have	a	reduced	ATP	production,	which	also	limits	the	newborn's	phagocytic	activity.	Although,	the	number	of	total	lymphocytes	is	significantly	higher	than	in	adults,	the	cellular	and	humoral	immunity	is	also	impaired.	Antigen-presenting	cells	in	newborns	have	a	reduced	capability	to	activate	T	cells.	Also,	T	cells	of	a	newborn	proliferate	poorly	and
produce	very	small	amounts	of	cytokines	like	IL-2,	IL-4,	IL-5,	IL-12,	and	IFN-g	which	limits	their	capacity	to	activate	the	humoral	response	as	well	as	the	phagocitic	activity	of	macrophage.	B	cells	develop	early	during	gestation	but	are	not	fully	active.[41]	Artist's	impression	of	monocytes	Maternal	factors	also	play	a	role	in	the	body's	immune	response.
At	birth,	most	of	the	immunoglobulin	present	is	maternal	IgG.	These	antibodies	are	transferred	from	the	placenta	to	the	fetus	using	the	FcRn	(neonatal	Fc	receptor).[42]	Because	IgM,	IgD,	IgE	and	IgA	do	not	cross	the	placenta,	they	are	almost	undetectable	at	birth.	Some	IgA	is	provided	by	breast	milk.	These	passively-acquired	antibodies	can	protect
the	newborn	for	up	to	18	months,	but	their	response	is	usually	short-lived	and	of	low	affinity.[41]	These	antibodies	can	also	produce	a	negative	response.	If	a	child	is	exposed	to	the	antibody	for	a	particular	antigen	before	being	exposed	to	the	antigen	itself	then	the	child	will	produce	a	dampened	response.	Passively	acquired	maternal	antibodies	can
suppress	the	antibody	response	to	active	immunization.	Similarly,	the	response	of	T-cells	to	vaccination	differs	in	children	compared	to	adults,	and	vaccines	that	induce	Th1	responses	in	adults	do	not	readily	elicit	these	same	responses	in	neonates.[41]	Between	six	and	nine	months	after	birth,	a	child's	immune	system	begins	to	respond	more	strongly	to
glycoproteins,	but	there	is	usually	no	marked	improvement	in	their	response	to	polysaccharides	until	they	are	at	least	one	year	old.	This	can	be	the	reason	for	distinct	time	frames	found	in	vaccination	schedules.[43][44]	During	adolescence,	the	human	body	undergoes	various	physical,	physiological	and	immunological	changes	triggered	and	mediated	by
hormones,	of	which	the	most	significant	in	females	is	17-β-estradiol	(an	estrogen)	and,	in	males,	is	testosterone.	Estradiol	usually	begins	to	act	around	the	age	of	10	and	testosterone	some	months	later.[45]	There	is	evidence	that	these	steroids	not	only	act	directly	on	the	primary	and	secondary	sexual	characteristics	but	also	have	an	effect	on	the
development	and	regulation	of	the	immune	system,[46]	including	an	increased	risk	in	developing	pubescent	and	post-pubescent	autoimmunity.[47]	There	is	also	some	evidence	that	cell	surface	receptors	on	B	cells	and	macrophages	may	detect	sex	hormones	in	the	system.[48]	The	female	sex	hormone	17-β-estradiol	has	been	shown	to	regulate	the	level
of	immunological	response,[49]	while	some	male	androgens	such	as	testosterone	seem	to	suppress	the	stress	response	to	infection.	Other	androgens,	however,	such	as	DHEA,	increase	immune	response.[50]	As	in	females,	the	male	sex	hormones	seem	to	have	more	control	of	the	immune	system	during	puberty	and	post-puberty	than	during	the	rest	of	a
male's	adult	life.	Physical	changes	during	puberty	such	as	thymic	involution	also	affect	immunological	response.[51]	Main	articles:	Ecoimmunology	and	Behavioral	immune	system	Ecoimmunology,	or	ecological	immunology,	explores	the	relationship	between	the	immune	system	of	an	organism	and	its	social,	biotic	and	abiotic	environment.	More	recent
ecoimmunological	research	has	focused	on	host	pathogen	defences	traditionally	considered	"non-immunological",	such	as	pathogen	avoidance,	self-medication,	symbiont-mediated	defenses,	and	fecundity	trade-offs.[52]	Behavioural	immunity,	a	phrase	coined	by	Mark	Schaller,	specifically	refers	to	psychological	pathogen	avoidance	drivers,	such	as
disgust	aroused	by	stimuli	encountered	around	pathogen-infected	individuals,	such	as	the	smell	of	vomit.[53]	More	broadly,	"behavioural"	ecological	immunity	has	been	demonstrated	in	multiple	species.	For	example,	the	Monarch	butterfly	often	lays	its	eggs	on	certain	toxic	milkweed	species	when	infected	with	parasites.	These	toxins	reduce	parasite
growth	in	the	offspring	of	the	infected	Monarch.	However,	when	uninfected	Monarch	butterflies	are	forced	to	feed	only	on	these	toxic	plants,	they	suffer	a	fitness	cost	as	reduced	lifespan	relative	to	other	uninfected	Monarch	butterflies.[54]	This	indicates	that	laying	eggs	on	toxic	plants	is	a	costly	behaviour	in	Monarchs	which	has	probably	evolved	to
reduce	the	severity	of	parasite	infection.[52]	Symbiont-mediated	defenses	are	also	heritable	across	host	generations,	despite	a	non-genetic	direct	basis	for	the	transmission.	Aphids,	for	example,	rely	on	several	different	symbionts	for	defense	from	key	parasites,	and	can	vertically	transmit	their	symbionts	from	parent	to	offspring.[55]	Therefore,	a
symbiont	that	successfully	confers	protection	from	a	parasite	is	more	likely	to	be	passed	to	the	host	offspring,	allowing	coevolution	with	parasites	attacking	the	host	in	a	way	similar	to	traditional	immunity.	The	preserved	immune	tissues	of	extinct	species,	such	as	the	thylacine	(Thylacine	cynocephalus),	can	also	provide	insights	into	their	biology.[56]
Main	article:	Cancer	immunology	The	study	of	the	interaction	of	the	immune	system	with	cancer	cells	can	lead	to	diagnostic	tests	and	therapies	with	which	to	find	and	fight	cancer.	The	immunology	concerned	with	physiological	reaction	characteristic	of	the	immune	state.	Inflammation	is	an	immune	response	that	has	been	observed	in	many	types	of
cancers.[57]	Main	article:	Reproductive	immunology	This	area	of	the	immunology	is	devoted	to	the	study	of	immunological	aspects	of	the	reproductive	process	including	fetus	acceptance.	The	term	has	also	been	used	by	fertility	clinics	to	address	fertility	problems,	recurrent	miscarriages,	premature	deliveries	and	dangerous	complications	such	as	pre-
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Dreams	(disambiguation).	In	this	illustration,	politician	Daniel	O'Connell	dreams	of	a	confrontation	between	his	outfit	and	that	of	George	IV	(shown	via	a	thought	bubble)	A	dream	is	a	succession	of	images,	ideas,	emotions,	and	sensations	that	usually	occur	involuntarily	in	the	mind	during	certain	stages	of	sleep.[1]	Humans	spend	about	two	hours
dreaming	per	night,[2]	and	each	dream	lasts	around	5–20	minutes,	although	the	dreamer	may	perceive	the	dream	as	being	much	longer.[3]	The	content	and	function	of	dreams	have	been	topics	of	scientific,	philosophical	and	religious	interest	throughout	recorded	history.	Dream	interpretation,	practiced	by	the	Babylonians	in	the	third	millennium



BCE[4]	and	even	earlier	by	the	ancient	Sumerians,[5][6]	figures	prominently	in	religious	texts	in	several	traditions,	and	has	played	a	lead	role	in	psychotherapy.[7][8]	The	scientific	study	of	dreams	is	called	oneirology.[9]	Most	modern	dream	study	focuses	on	the	neurophysiology	of	dreams	and	on	proposing	and	testing	hypotheses	regarding	dream
function.	It	is	not	known	where	in	the	brain	dreams	originate,	if	there	is	a	single	origin	for	dreams	or	if	multiple	regions	of	the	brain	are	involved,	or	what	the	purpose	of	dreaming	is	for	the	body	or	mind.	The	human	dream	experience	and	what	to	make	of	it	has	undergone	sizable	shifts	over	the	course	of	history.[10][11]	Long	ago,	according	to	writings
from	Mesopotamia	and	Ancient	Egypt,	dreams	dictated	post-dream	behaviors	to	an	extent	that	was	sharply	reduced	in	later	millennia.[clarification	needed]	These	ancient	writings	about	dreams	highlight	visitation	dreams,	where	a	dream	figure,	usually	a	deity	or	a	prominent	forebear,	commands	the	dreamer	to	take	specific	actions,	and	which	may
predict	future	events.[12][13][14]	Framing	the	dream	experience	varies	across	cultures	as	well	as	through	time.	Dreaming	and	sleep	are	intertwined.	Dreams	occur	mainly	in	the	rapid-eye	movement	(REM)	stage	of	sleep—when	brain	activity	is	high	and	resembles	that	of	being	awake.	Because	REM	sleep	is	detectable	in	many	species,	and	because
research	suggests	that	all	mammals	experience	REM,[15]	linking	dreams	to	REM	sleep	has	led	to	conjectures	that	animals	dream.	However,	humans	dream	during	non-REM	sleep,	also,	and	not	all	REM	awakenings	elicit	dream	reports.[16]	To	be	studied,	a	dream	must	first	be	reduced	to	a	verbal	report,	which	is	an	account	of	the	subject's	memory	of	the
dream,	not	the	subject's	dream	experience	itself.	So,	dreaming	by	non-humans	is	currently	unprovable,	as	is	dreaming	by	human	fetuses	and	pre-verbal	infants.[17]	In	Old	English,	the	word	drēam	was	used	to	describe	"noise",	"joy",	or	"music",	but	not	related	to	the	sleep-induced	brain	activity.	It	was	only	in	the	13th	century	that	the	word	dream	was
used	to	describe	"a	series	of	thoughts,	images	or	emotions	occurring	during	sleep".	Etymologists	believe	that	this	change	was	influenced	due	to	the	Old	Norse	draumr,	which	had	the	same	meaning	as	the	word	dream	nowadays.[18]	Further	information:	Oneiromancy	Usha	Dreaming	Aniruddha	(oleographic	print)	Raja	Ravi	Varma	(1848–1906)	Preserved
writings	from	early	Mediterranean	civilizations	indicate	a	relatively	abrupt	change	in	subjective	dream	experience	between	Bronze	Age	antiquity	and	the	beginnings	of	the	classical	era.[19]	In	visitation	dreams	reported	in	ancient	writings,	dreamers	were	largely	passive	in	their	dreams,	and	visual	content	served	primarily	to	frame	authoritative	auditory
messaging.[20][10][21]	Gudea,	the	king	of	the	Sumerian	city-state	of	Lagash	(reigned	c.	2144–2124	BCE),	rebuilt	the	temple	of	Ningirsu	as	the	result	of	a	dream	in	which	he	was	told	to	do	so.[6]	After	antiquity,	the	passive	hearing	of	visitation	dreams	essentially	gave	way	to	visualized	narratives	in	which	the	dreamer	becomes	a	character	who	actively
participates.	From	the	1940s	to	1985,	Calvin	S.	Hall	collected	more	than	50,000	dream	reports	at	Western	Reserve	University.	In	1966,	Hall	and	Robert	Van	de	Castle	published	The	Content	Analysis	of	Dreams,	outlining	a	coding	system	to	study	1,000	dream	reports	from	college	students.[22]	Results	indicated	that	participants	from	varying	parts	of	the
world	demonstrated	similarity	in	their	dream	content.	The	only	residue	of	antiquity's	authoritative	dream	figure	in	the	Hall	and	Van	de	Castle	listing	of	dream	characters	is	the	inclusion	of	God	in	the	category	of	prominent	persons.[23]	Hall's	complete	dream	reports	were	made	publicly	available	in	the	mid-1990s	by	his	protégé	William	Domhoff.	More
recent	studies	of	dream	reports,	while	providing	more	detail,	continue	to	cite	the	Hall	study	favorably.[24]	A	soldier	dreams:	the	trenches	of	WWI.	Jan	Styka	(1858–1925).	In	the	Hall	study,	the	most	common	emotion	experienced	in	dreams	was	anxiety.	Other	emotions	included	abandonment,	anger,	fear,	joy,	and	happiness.	Negative	emotions	were	much
more	common	than	positive	ones.[22]	The	Hall	data	analysis	showed	that	sexual	dreams	occur	no	more	than	10%	of	the	time	and	are	more	prevalent	in	young	to	mid-teens.[22]	Another	study	showed	that	8%	of	both	men's	and	women's	dreams	have	sexual	content.[25]	In	some	cases,	sexual	dreams	may	result	in	orgasms	or	nocturnal	emissions.	These
are	colloquially	known	as	"wet	dreams".[26]	The	visual	nature	of	dreams	is	generally	highly	phantasmagoric;	that	is,	different	locations	and	objects	continuously	blend	into	each	other.	The	visuals	(including	locations,	people,	and	objects)	are	generally	reflective	of	a	person's	memories	and	experiences,	but	conversation	can	take	on	highly	exaggerated
and	bizarre	forms.	Some	dreams	may	even	tell	elaborate	stories	wherein	the	dreamer	enters	entirely	new,	complex	worlds	and	awakes	with	ideas,	thoughts,	and	feelings	never	experienced	before	the	dream.	People	who	are	blind	from	birth	do	not	have	visual	dreams.	Their	dream	contents	are	related	to	other	senses,	such	as	hearing,	touch,	smell,	and
taste,	whichever	are	present	since	birth.[27]	The	COVID-19	pandemic	also	influenced	the	content	of	people's	dreams,	according	to	a	scientific	study	of	over	15,000	dream	reports	by	Deirdre	Barrett.	This	analysis	revealed	that	themes	involving	fear,	illness,	and	death	were	two	to	four	times	more	prevalent	in	dreams	following	the	onset	of	the	pandemic
than	they	were	before.[28]	Main	article:	Cognitive	neuroscience	of	dreams	Further	information:	Neuroscience	of	sleep	Dream	study	is	popular	with	scientists	exploring	the	mind–brain	problem.	Some	"propose	to	reduce	aspects	of	dream	phenomenology	to	neurobiology."[29]	But	current	science	cannot	specify	dream	physiology	in	detail.	Protocols	in
most	nations	restrict	human	brain	research	to	non-invasive	procedures.	In	the	United	States,	invasive	brain	procedures	with	a	human	subject	are	allowed	only	when	these	are	deemed	necessary	in	surgical	treatment	to	address	medical	needs	of	the	same	human	subject.[30]	Non-invasive	measures	of	brain	activity	like	electroencephalogram	(EEG)
voltage	averaging	or	cerebral	blood	flow	cannot	identify	small	but	influential	neuronal	populations.[31]	Also,	fMRI	signals	are	too	slow	to	explain	how	brains	compute	in	real	time.[32]	Scientists	researching	some	brain	functions	can	work	around	current	restrictions	by	examining	animal	subjects.	As	stated	by	the	Society	for	Neuroscience,	"Because	no
adequate	alternatives	exist,	much	of	this	research	must	[sic]	be	done	on	animal	subjects."[33]	However,	since	animal	dreaming	can	be	only	inferred,	not	confirmed,	animal	studies	yield	no	hard	facts	to	illuminate	the	neurophysiology	of	dreams.	Examining	human	subjects	with	brain	lesions	can	provide	clues,	but	the	lesion	method	cannot	discriminate
between	the	effects	of	destruction	and	disconnection	and	cannot	target	specific	neuronal	groups	in	heterogeneous	regions	like	the	brain	stem.[31]	The	Knight's	Dream,	1655,	by	Antonio	de	Pereda	Denied	precision	tools	and	obliged	to	depend	on	imaging,	much	dream	research	has	succumbed	to	the	law	of	the	instrument.	Studies	detect	an	increase	of
blood	flow	in	a	specific	brain	region	and	then	credit	that	region	with	a	role	in	generating	dreams.	But	pooling	study	results	has	led	to	the	newer	conclusion	that	dreaming	involves	large	numbers	of	regions	and	pathways,	which	likely	are	different	for	different	dream	events.[34]	Image	creation	in	the	brain	involves	significant	neural	activity	downstream
from	eye	intake,	and	it	is	theorized	that	"the	visual	imagery	of	dreams	is	produced	by	activation	during	sleep	of	the	same	structures	that	generate	complex	visual	imagery	in	waking	perception."[35]	Dreams	present	a	running	narrative	rather	than	exclusively	visual	imagery.	Following	their	work	with	split-brain	subjects,	Gazzaniga	and	LeDoux
postulated,	without	attempting	to	specify	the	neural	mechanisms,	a	"left-brain	interpreter"	that	seeks	to	create	a	plausible	narrative	from	whatever	electro-chemical	signals	reach	the	brain's	left	hemisphere.	Sleep	research	has	determined	that	some	brain	regions	fully	active	during	waking	are,	during	REM	sleep,	activated	only	in	a	partial	or
fragmentary	way.[36]	Drawing	on	this	knowledge,	textbook	author	James	W.	Kalat	explains,	"[A]	dream	represents	the	brain's	effort	to	make	sense	of	sparse	and	distorted	information....	The	cortex	combines	this	haphazard	input	with	whatever	other	activity	was	already	occurring	and	does	its	best	to	synthesize	a	story	that	makes	sense	of	the
information."[37]	Neuroscientist	Indre	Viskontas	is	even	more	blunt,	calling	often	bizarre	dream	content	"just	the	result	of	your	interpreter	trying	to	create	a	story	out	of	random	neural	signaling."[38]	Main	article:	Oneirology	Further	information:	Rapid	eye	movement	sleep	For	many	humans	across	multiple	eras	and	cultures,	dreams	are	believed	to
have	functioned	as	revealers	of	truths	sourced	during	sleep	from	gods	or	other	external	entities.[39]	Ancient	Egyptians	believed	that	dreams	were	the	best	way	to	receive	divine	revelation,	and	thus	they	would	induce	(or	"incubate")	dreams.	They	went	to	sanctuaries	and	slept	on	special	"dream	beds"	in	hope	of	receiving	advice,	comfort,	or	healing	from
the	gods.[14]	From	a	Darwinian	perspective	dreams	would	have	to	fulfill	some	kind	of	biological	requirement,	provide	some	benefit	for	natural	selection	to	take	place,	or	at	least	have	no	negative	impact	on	fitness.	Robert	(1886),[40]	a	physician	from	Hamburg,	was	the	first	who	suggested	that	dreams	are	a	need	and	that	they	have	the	function	to	erase
(a)	sensory	impressions	that	were	not	fully	worked	up,	and	(b)	ideas	that	were	not	fully	developed	during	the	day.	In	dreams,	incomplete	material	is	either	removed	(suppressed)	or	deepened	and	included	into	memory.	Freud,	whose	dream	studies	focused	on	interpreting	dreams,	not	explaining	how	or	why	humans	dream,	disputed	Robert's
hypothesis[41]	and	proposed	that	dreams	preserve	sleep	by	representing	as	fulfilled	those	wishes	that	otherwise	would	awaken	the	dreamer.[42]	Freud	wrote	that	dreams	"serve	the	purpose	of	prolonging	sleep	instead	of	waking	up.	Dreams	are	the	GUARDIANS	of	sleep	and	not	its	disturbers."[43]	Grandmother	and	Granddaughter	Dream	(1839	or
1840).	Taras	Shevchenko	A	turning	point	in	theorizing	about	dream	function	came	in	1953,	when	Science	published	the	Aserinsky	and	Kleitman	paper[44]	establishing	REM	sleep	as	a	distinct	phase	of	sleep	and	linking	dreams	to	REM	sleep.[45]	Until	and	even	after	publication	of	the	Solms	2000	paper	that	certified	the	separability	of	REM	sleep	and
dream	phenomena,[16]	many	studies	purporting	to	uncover	the	function	of	dreams	have	in	fact	been	studying	not	dreams	but	measurable	REM	sleep.	Theories	of	dream	function	since	the	identification	of	REM	sleep	include:	Hobson's	and	McCarley's	1977	activation-synthesis	hypothesis,	which	proposed	"a	functional	role	for	dreaming	sleep	in	promoting
some	aspect	of	the	learning	process...."[46]	In	2010	a	Harvard	study	was	published	showing	experimental	evidence	that	dreams	were	correlated	with	improved	learning.[47]	Crick's	and	Mitchison's	1983	"reverse	learning"	theory,	which	states	that	dreams	are	like	the	cleaning-up	operations	of	computers	when	they	are	offline,	removing	(suppressing)
parasitic	nodes	and	other	"junk"	from	the	mind	during	sleep.[48][49]	Hartmann's	1995	proposal	that	dreams	serve	a	"quasi-therapeutic"	function,	enabling	the	dreamer	to	process	trauma	in	a	safe	place.[50]	Revonsuo's	2000	threat	simulation	hypothesis,	whose	premise	is	that	during	much	of	human	evolution,	physical	and	interpersonal	threats	were
serious,	giving	reproductive	advantage	to	those	who	survived	them.	Dreaming	aided	survival	by	replicating	these	threats	and	providing	the	dreamer	with	practice	in	dealing	with	them.[51]	In	2015,	Revonsuo	proposed	social	simulation	theory,	which	describes	dreams	as	a	simulation	for	training	social	skills	and	bonds.[52]	Eagleman's	and	Vaughn's	2021
defensive	activation	theory,	which	says	that,	given	the	brain's	neuroplasticity,	dreams	evolved	as	a	visual	hallucinatory	activity	during	sleep's	extended	periods	of	darkness,	busying	the	occipital	lobe	and	thereby	protecting	it	from	possible	appropriation	by	other,	non-vision,	sense	operations.[53]	Erik	Hoel	proposes,	based	on	artificial	neural	networks,
that	dreams	prevent	overfitting	to	past	experiences;	that	is,	they	enable	the	dreamer	to	learn	from	novel	situations.[54][55]	Dreams	figure	prominently	in	major	world	religions.	The	dream	experience	for	early	humans,	according	to	one	interpretation,	gave	rise	to	the	notion	of	a	human	"soul",[56]	a	central	element	in	much	religious	thought.	J.	W.	Dunne
wrote:	But	there	can	be	no	reasonable	doubt	that	the	idea	of	a	soul	must	have	first	arisen	in	the	mind	of	primitive	man	as	a	result	of	observation	of	his	dreams.	Ignorant	as	he	was,	he	could	have	come	to	no	other	conclusion	but	that,	in	dreams,	he	left	his	sleeping	body	in	one	universe	and	went	wandering	off	into	another.	It	is	considered	that,	but	for	that
savage,	the	idea	of	such	a	thing	as	a	'soul'	would	never	have	even	occurred	to	mankind....[57]	In	the	Mandukya	Upanishad,	part	of	the	Veda	scriptures	of	Indian	Hinduism,	a	dream	is	one	of	three	states	that	the	soul	experiences	during	its	lifetime,	the	other	two	states	being	the	waking	state	and	the	sleep	state.[58]	The	earliest	Upanishads,	written	before
300	BCE,	emphasize	two	meanings	of	dreams.	The	first	says	that	dreams	are	merely	expressions	of	inner	desires.	The	second	is	the	belief	of	the	soul	leaving	the	body	and	being	guided	until	awakened.	Jacob's	dream	of	a	ladder	of	angels,	c.	1690.	Michael	Willmann	In	Judaism,	dreams	are	considered	part	of	the	experience	of	the	world	that	can	be
interpreted	and	from	which	lessons	can	be	garnered.	It	is	discussed	in	the	Talmud,	Tractate	Berachot	55–60.	The	ancient	Hebrews	connected	their	dreams	heavily	with	their	religion,	though	the	Hebrews	were	monotheistic	and	believed	that	dreams	were	the	voice	of	one	God	alone.	Hebrews	also	differentiated	between	good	dreams	(from	God)	and	bad
dreams	(from	evil	spirits).	The	Hebrews,	like	many	other	ancient	cultures,	incubated	dreams	in	order	to	receive	a	divine	revelation.	For	example,	the	Hebrew	prophet	Samuel	would	"lie	down	and	sleep	in	the	temple	at	Shiloh	before	the	Ark	and	receive	the	word	of	the	Lord",	and	Joseph	interpreted	a	Pharaoh's	dream	of	seven	lean	cows	swallowing	seven
fat	cows	as	meaning	the	subsequent	seven	years	would	be	bountiful,	followed	by	seven	years	of	famine.	Most	of	the	dreams	in	the	Bible	are	in	the	Book	of	Genesis.[59]	Christians	mostly	shared	the	beliefs	of	the	Hebrews	and	thought	that	dreams	were	of	a	supernatural	character	because	the	Old	Testament	includes	frequent	stories	of	dreams	with	divine
inspiration.	The	most	famous	of	these	dream	stories	was	Jacob's	dream	of	a	ladder	that	stretches	from	Earth	to	Heaven.	Many	Christians	preach	that	God	can	speak	to	people	through	their	dreams.	The	famous	glossary,	the	Somniale	Danielis,	written	in	the	name	of	Daniel,	attempted	to	teach	Christian	populations	to	interpret	their	dreams.	Iain	R.	Edgar
has	researched	the	role	of	dreams	in	Islam.[60]	He	has	argued	that	dreams	play	an	important	role	in	the	history	of	Islam	and	the	lives	of	Muslims,	since	dream	interpretation	is	the	only	way	that	Muslims	can	receive	revelations	from	God	since	the	death	of	the	last	prophet,	Muhammad.[61]	According	to	Edgar,	Islam	classifies	three	types	of	dreams.
Firstly,	there	is	the	true	dream	(al-ru’ya),	then	the	false	dream,	which	may	come	from	the	devil	(shaytan),	and	finally,	the	meaningless	everyday	dream	(hulm).	This	last	dream	could	be	brought	forth	by	the	dreamer's	ego	or	base	appetite	based	on	what	they	experienced	in	the	real	world.	The	true	dream	is	often	indicated	by	Islam's	hadith	tradition.[61]
In	one	narration	by	Aisha,	the	wife	of	the	Prophet,	it	is	said	that	the	Prophet's	dreams	would	come	true	like	the	ocean's	waves.[61]	Just	as	in	its	predecessors,	the	Quran	also	recounts	the	story	of	Joseph	and	his	unique	ability	to	interpret	dreams.[61]	In	both	Christianity	and	Islam	dreams	feature	in	conversion	stories.[62]	According	to	ancient	authors,
Constantine	the	Great	started	his	conversion	to	Christianity	because	he	had	a	dream	which	prophesied	that	he	would	win	the	battle	of	the	Milvian	Bridge	if	he	adopted	the	Chi-Rho	as	his	battle	standard."[63][64]	In	Buddhism,	ideas	about	dreams	are	similar	to	the	classical	and	folk	traditions	in	South	Asia.	The	same	dream	is	sometimes	experienced	by
multiple	people,	as	in	the	case	of	the	Buddha-to-be,	before	he	is	leaving	his	home.	It	is	described	in	the	Mahāvastu	that	several	of	the	Buddha's	relatives	had	premonitory	dreams	preceding	this.	Some	dreams	are	also	seen	to	transcend	time:	the	Buddha-to-be	has	certain	dreams	that	are	the	same	as	those	of	previous	Buddhas,	the	Lalitavistara	states.	In
Buddhist	literature,	dreams	often	function	as	a	"signpost"	motif	to	mark	certain	stages	in	the	life	of	the	main	character.[65]	Buddhist	views	about	dreams	are	expressed	in	the	Pāli	Commentaries	and	the	Milinda	Pañhā.[65]	Dreaming	of	the	Tiger	Spring	(虎跑夢泉)	Statue	at	Hupao	Spring	(Hupaomengquan)	in	Hangzhou,	Zhejiang,	China	In	Chinese
history,	people	wrote	of	two	vital	aspects	of	the	soul	of	which	one	is	freed	from	the	body	during	slumber	to	journey	in	a	dream	realm,	while	the	other	remained	in	the	body.[66]	This	belief	and	dream	interpretation	had	been	questioned	since	early	times,	such	as	by	the	philosopher	Wang	Chong	(27–97	CE).[66]	The	Babylonians	and	Assyrians	divided
dreams	into	"good,"	which	were	sent	by	the	gods,	and	"bad,"	sent	by	demons.[67]	A	surviving	collection	of	dream	omens	entitled	Iškar	Zaqīqu	records	various	dream	scenarios	as	well	as	prognostications	of	what	will	happen	to	the	person	who	experiences	each	dream,	apparently	based	on	previous	cases.[6][68]	Some	list	different	possible	outcomes,
based	on	occasions	in	which	people	experienced	similar	dreams	with	different	results.[6]	The	Greeks	shared	their	beliefs	with	the	Egyptians	on	how	to	interpret	good	and	bad	dreams,	and	the	idea	of	incubating	dreams.	Morpheus,	the	Greek	god	of	dreams,	also	sent	warnings	and	prophecies	to	those	who	slept	at	shrines	and	temples.	The	earliest	Greek
beliefs	about	dreams	were	that	their	gods	physically	visited	the	dreamers,	where	they	entered	through	a	keyhole,	exiting	the	same	way	after	the	divine	message	was	given.	Antiphon	wrote	the	first	known	Greek	book	on	dreams	in	the	5th	century	BCE.	In	that	century,	other	cultures	influenced	Greeks	to	develop	the	belief	that	souls	left	the	sleeping	body.
[69]	The	father	of	modern	medicine,	Hippocrates	(460–375	BCE),	thought	dreams	could	analyze	illness	and	predict	diseases.[70]	For	instance,	a	dream	of	a	dim	star	high	in	the	night	sky	indicated	problems	in	the	head	region,	while	low	in	the	night	sky	indicated	bowel	issues.[71][72]	Galen	(129–216	AD)	believed	the	same	thing.[73]	Greek	philosopher
Plato	(427–347	BCE)	wrote	that	people	harbor	secret,	repressed	desires,	such	as	incest,	murder,	adultery,	and	conquest,	which	build	up	during	the	day	and	run	rampant	during	the	night	in	dreams.[74]	Plato's	student,	Aristotle	(384–322	BCE),	believed	dreams	were	caused	by	processing	incomplete	physiological	activity	during	sleep,	such	as	eyes	trying
to	see	while	the	sleeper's	eyelids	were	closed.[75]	Marcus	Tullius	Cicero,	for	his	part,	believed	that	all	dreams	are	produced	by	thoughts	and	conversations	a	dreamer	had	during	the	preceding	days.[76]	Cicero's	Somnium	Scipionis	described	a	lengthy	dream	vision,	which	in	turn	was	commented	on	by	Macrobius	in	his	Commentarii	in	Somnium
Scipionis.	Herodotus	in	his	The	Histories,	writes	"The	visions	that	occur	to	us	in	dreams	are,	more	often	than	not,	the	things	we	have	been	concerned	about	during	the	day."[77]	The	Dreaming	is	a	common	term	within	the	animist	creation	narrative	of	indigenous	Australians	for	a	personal,	or	group,	creation	and	for	what	may	be	understood	as	the
"timeless	time"	of	formative	creation	and	perpetual	creating.[78]	Some	Indigenous	American	tribes	and	Mexican	populations	believe	that	dreams	are	a	way	of	visiting	and	having	contact	with	their	ancestors.[79]	Some	Native	American	tribes	have	used	vision	quests	as	a	rite	of	passage,	fasting	and	praying	until	an	anticipated	guiding	dream	was
received,	to	be	shared	with	the	rest	of	the	tribe	upon	their	return.[80][81]	Main	article:	Dream	interpretation	Further	information:	Psychoanalysis	and	Precognition	Joseph	Interprets	Pharaoh's	Dream	c.	1896–1902.	Jacques	Joseph	Tissot	(1836–1902).	Beginning	in	the	late	19th	century,	Austrian	neurologist	Sigmund	Freud,	founder	of	psychoanalysis,
theorized	that	dreams	reflect	the	dreamer's	unconscious	mind	and	specifically	that	dream	content	is	shaped	by	unconscious	wish	fulfillment.	He	argued	that	important	unconscious	desires	often	relate	to	early	childhood	memories	and	experiences.[7]	Carl	Jung	and	others	expanded	on	Freud's	idea	that	dream	content	reflects	the	dreamer's	unconscious
desires.	Dream	interpretation	can	be	a	result	of	subjective	ideas	and	experiences.	One	study	found	that	most	people	believe	that	"their	dreams	reveal	meaningful	hidden	truths".[82]	The	researchers	surveyed	students	in	the	United	States,	South	Korea,	and	India,	and	found	that	74%	of	Indians,	65%	of	South	Koreans	and	56%	of	Americans	believed	their
dream	content	provided	them	with	meaningful	insight	into	their	unconscious	beliefs	and	desires.	This	Freudian	view	of	dreaming	was	believed	significantly	more	than	theories	of	dreaming	that	attribute	dream	content	to	memory	consolidation,	problem-solving,	or	as	a	byproduct	of	unrelated	brain	activity.	The	same	study	found	that	people	attribute
more	importance	to	dream	content	than	to	similar	thought	content	that	occurs	while	they	are	awake.	Americans	were	more	likely	to	report	that	they	would	intentionally	miss	their	flight	if	they	dreamt	of	their	plane	crashing	than	if	they	thought	of	their	plane	crashing	the	night	before	flying	(while	awake),	and	that	they	would	be	as	likely	to	miss	their
flight	if	they	dreamt	of	their	plane	crashing	the	night	before	their	flight	as	if	there	was	an	actual	plane	crash	on	the	route	they	intended	to	take.	Participants	in	the	study	were	more	likely	to	perceive	dreams	to	be	meaningful	when	the	content	of	dreams	was	in	accordance	with	their	beliefs	and	desires	while	awake.	They	were	more	likely	to	view	a
positive	dream	about	a	friend	to	be	meaningful	than	a	positive	dream	about	someone	they	disliked,	for	example,	and	were	more	likely	to	view	a	negative	dream	about	a	person	they	disliked	as	meaningful	than	a	negative	dream	about	a	person	they	liked.	According	to	surveys,	it	is	common	for	people	to	feel	their	dreams	are	predicting	subsequent	life
events.[83]	Psychologists	have	explained	these	experiences	in	terms	of	memory	biases,	namely	a	selective	memory	for	accurate	predictions	and	distorted	memory	so	that	dreams	are	retrospectively	fitted	onto	life	experiences.[83]	The	multi-faceted	nature	of	dreams	makes	it	easy	to	find	connections	between	dream	content	and	real	events.[84]	The	term
"veridical	dream"	has	been	used	to	indicate	dreams	that	reveal	or	contain	truths	not	yet	known	to	the	dreamer,	whether	future	events	or	secrets.[85]	In	one	experiment,	subjects	were	asked	to	write	down	their	dreams	in	a	diary.	This	prevented	the	selective	memory	effect,	and	the	dreams	no	longer	seemed	accurate	about	the	future.[86]	Another
experiment	gave	subjects	a	fake	diary	of	a	student	with	apparently	precognitive	dreams.	This	diary	described	events	from	the	person's	life,	as	well	as	some	predictive	dreams	and	some	non-predictive	dreams.	When	subjects	were	asked	to	recall	the	dreams	they	had	read,	they	remembered	more	of	the	successful	predictions	than	unsuccessful	ones.[87]
Main	article:	Dream	art	Further	information:	Dream	world	(plot	device)	Graphic	artists,	writers	and	filmmakers	all	have	found	dreams	to	offer	a	rich	vein	for	creative	expression.	In	the	West,	artists'	depictions	of	dreams	in	Renaissance	and	Baroque	art	often	were	related	to	Biblical	narrative.	Especially	preferred	by	visual	artists	were	the	Jacob's	Ladder
dream	in	Genesis	and	St.	Joseph's	dreams	in	the	Gospel	according	to	Matthew.	Nicolas	Dipre.	Le	songe	de	Jacob.	c. 1500	Avignon,	Petit	Palais.	José	de	Ribera	(1591–1652).	El	sueño	de	Jacob,	from	Prado	in	Google	Earth	Raphael.	Jacob's	Dream	(1518)	Rembrandt.	Dream	of	Joseph	(1645)	Anton	Raphael	Mengs.	Traum	des	Hl.	Joseph	(1773	or	1774)	Many
later	graphic	artists	have	depicted	dreams,	including	Japanese	woodblock	artist	Hokusai	(1760–1849)	and	Western	European	painters	Rousseau	(1844–1910),	Picasso	(1881–1973),	and	Dalí	(1904–1989).	In	literature,	dream	frames	were	frequently	used	in	medieval	allegory	to	justify	the	narrative;	The	Book	of	the	Duchess[88]	and	The	Vision	Concerning
Piers	Plowman[89]	are	two	such	dream	visions.	Even	before	them,	in	antiquity,	the	same	device	had	been	used	by	Cicero	and	Lucian	of	Samosata.	The	cheshire	cat,	John	Tenniel	(1820–1914),	illustration	in	Alice's	Adventures	in	Wonderland,	1866	edition	Dreams	have	also	featured	in	fantasy	and	speculative	fiction	since	the	19th	century.	One	of	the	best-
known	dream	worlds	is	Wonderland	from	Lewis	Carroll's	Alice's	Adventures	in	Wonderland,	as	well	as	Looking-Glass	Land	from	its	sequel,	Through	the	Looking-Glass.	Unlike	many	dream	worlds,	Carroll's	logic	is	like	that	of	actual	dreams,	with	transitions	and	flexible	causality.	Other	fictional	dream	worlds	include	the	Dreamlands	of	H.	P.	Lovecraft's
Dream	Cycle[90]	and	The	Neverending	Story's[91]	world	of	Fantastica,	which	includes	places	like	the	Desert	of	Lost	Dreams,	the	Sea	of	Possibilities	and	the	Swamps	of	Sadness.	Dreamworlds,	shared	hallucinations	and	other	alternate	realities	feature	in	a	number	of	works	by	Philip	K.	Dick,	such	as	The	Three	Stigmata	of	Palmer	Eldritch	and	Ubik.
Similar	themes	were	explored	by	Jorge	Luis	Borges,	for	instance	in	The	Circular	Ruins.	Modern	popular	culture	often	conceives	of	dreams,	as	did	Freud,	as	expressions	of	the	dreamer's	deepest	fears	and	desires.[92]	In	speculative	fiction,	the	line	between	dreams	and	reality	may	be	blurred	even	more	in	service	to	the	story.[93]	Dreams	may	be
psychically	invaded	or	manipulated	(Dreamscape,	1984;	the	Nightmare	on	Elm	Street	films,	1984–2010;	Inception,	2010)	or	even	come	literally	true	(as	in	The	Lathe	of	Heaven,	1971).[92]	Main	article:	Lucid	dream	Lucid	dreaming	is	the	conscious	perception	of	one's	state	while	dreaming.	In	this	state	the	dreamer	may	often	have	some	degree	of	control
over	their	own	actions	within	the	dream	or	even	the	characters	and	the	environment	of	the	dream.	Dream	control	has	been	reported	to	improve	with	practiced	deliberate	lucid	dreaming,	but	the	ability	to	control	aspects	of	the	dream	is	not	necessary	for	a	dream	to	qualify	as	"lucid"—a	lucid	dream	is	any	dream	during	which	the	dreamer	knows	they	are
dreaming.[94]	The	occurrence	of	lucid	dreaming	has	been	scientifically	verified.[95]	"Oneironaut"	is	a	term	sometimes	used	for	those	who	lucidly	dream.	In	1975,	psychologist	Keith	Hearne	successfully	recorded	a	communication	from	a	dreamer	experiencing	a	lucid	dream.	On	April	12,	1975,	after	agreeing	to	move	his	eyes	left	and	right	upon	becoming
lucid,	the	subject	and	Hearne's	co-author	on	the	resulting	article,	Alan	Worsley,	successfully	carried	out	this	task.[96]	Years	later,	psychophysiologist	Stephen	LaBerge	conducted	similar	work	including:	Using	eye	signals	to	map	the	subjective	sense	of	time	in	dreams.	Comparing	the	electrical	activity	of	the	brain	while	singing	awake	and	while	dreaming.
Studies	comparing	in-dream	sex,	arousal,	and	orgasm.[97]	Communication	between	two	dreamers	has	also	been	documented.	The	processes	involved	included	EEG	monitoring,	ocular	signaling,	incorporation	of	reality	in	the	form	of	red	light	stimuli	and	a	coordinating	website.	The	website	tracked	when	both	dreamers	were	dreaming	and	sent	the
stimulus	to	one	of	the	dreamers	where	it	was	incorporated	into	the	dream.	This	dreamer,	upon	becoming	lucid,	signaled	with	eye	movements;	this	was	detected	by	the	website	whereupon	the	stimulus	was	sent	to	the	second	dreamer,	invoking	incorporation	into	that	dreamer's	dream.[98]	Further	information:	Dream	diary	Raphael's	dream	(1821).
Johannes	Riepenhausen	and	Franz	Riepenhausen.	The	recollection	of	dreams	is	extremely	unreliable,	though	it	is	a	skill	that	can	be	trained.	Dreams	can	usually	be	recalled	if	a	person	is	awakened	while	dreaming.[99]	Women	tend	to	have	more	frequent	dream	recall	than	men.[99]	Dreams	that	are	difficult	to	recall	may	be	characterized	by	relatively
little	affect,	and	factors	such	as	salience,	arousal,	and	interference	play	a	role	in	dream	recall.	Often,	a	dream	may	be	recalled	upon	viewing	or	hearing	a	random	trigger	or	stimulus.	The	salience	hypothesis	proposes	that	dream	content	that	is	salient,	that	is,	novel,	intense,	or	unusual,	is	more	easily	remembered.	There	is	considerable	evidence	that
vivid,	intense,	or	unusual	dream	content	is	more	frequently	recalled.[100]	A	dream	journal	can	be	used	to	assist	dream	recall,	for	personal	interest	or	psychotherapy	purposes.	Adults	report	remembering	around	two	dreams	per	week,	on	average.[101][102]	Unless	a	dream	is	particularly	vivid	and	if	one	wakes	during	or	immediately	after	it,	the	content
of	the	dream	is	typically	not	remembered.[103]	In	line	with	the	salience	hypothesis,	there	is	considerable	evidence	that	people	who	have	more	vivid,	intense	or	unusual	dreams	show	better	recall.	There	is	evidence	that	continuity	of	consciousness	is	related	to	recall.	Specifically,	people	who	have	vivid	and	unusual	experiences	during	the	day	tend	to	have
more	memorable	dream	content	and	hence	better	dream	recall.	People	who	score	high	on	measures	of	personality	traits	associated	with	creativity,	imagination,	and	fantasy,	such	as	openness	to	experience,	daydreaming,	fantasy	proneness,	absorption,	and	hypnotic	susceptibility,	tend	to	show	more	frequent	dream	recall.[100]	There	is	also	evidence	for
continuity	between	the	bizarre	aspects	of	dreaming	and	waking	experience.	That	is,	people	who	report	more	bizarre	experiences	during	the	day,	such	as	people	high	in	schizotypy	(psychosis	proneness),	have	more	frequent	dream	recall	and	also	report	more	frequent	nightmares.[100]	Recording	or	reconstructing	dreams	may	one	day	assist	with	dream
recall.[104][105]	Using	the	permitted	non-invasive	technologies,	functional	magnetic	resonance	imaging	(fMRI)	and	electromyography	(EMG),	researchers	have	been	able	to	identify	basic	dream	imagery,[106]	dream	speech	activity[107]	and	dream	motor	behavior	(such	as	walking	and	hand	movements).[108][109]	Main	article:	Dream	argument	Some
philosophers	have	proposed	that	what	we	think	of	as	the	"real	world"	could	be	or	is	an	illusion	(an	idea	known	as	the	skeptical	hypothesis	about	ontology).	The	first	recorded	mention	of	the	idea	was	in	the	4th	century	BCE	by	Zhuangzi,	and	in	Eastern	philosophy,	the	problem	has	been	named	the	"Zhuangzi	Paradox."	He	who	dreams	of	drinking	wine	may
weep	when	morning	comes;	he	who	dreams	of	weeping	may	in	the	morning	go	off	to	hunt.	While	he	is	dreaming	he	does	not	know	it	is	a	dream,	and	in	his	dream	he	may	even	try	to	interpret	a	dream.	Only	after	he	wakes	does	he	know	it	was	a	dream.	And	someday	there	will	be	a	great	awakening	when	we	know	that	this	is	all	a	great	dream.	Yet	the
stupid	believe	they	are	awake,	busily	and	brightly	assuming	they	understand	things,	calling	this	man	ruler,	that	one	herdsman—how	dense!	Confucius	and	you	are	both	dreaming!	And	when	I	say	you	are	dreaming,	I	am	dreaming,	too.	Words	like	these	will	be	labeled	the	Supreme	Swindle.	Yet,	after	ten	thousand	generations,	a	great	sage	may	appear
who	will	know	their	meaning,	and	it	will	still	be	as	though	he	appeared	with	astonishing	speed.[110]	The	idea	also	is	discussed	in	Hindu	and	Buddhist	writings.[111]	It	was	formally	introduced	to	Western	philosophy	by	Descartes	in	the	17th	century	in	his	Meditations	on	First	Philosophy.	Dreams	of	absent-minded	transgression	(DAMT)	are	dreams
wherein	the	dreamer	absent-mindedly	performs	an	action	that	he	or	she	has	been	trying	to	stop	(one	classic	example	is	of	a	quitting	smoker	having	dreams	of	lighting	a	cigarette).	Subjects	who	have	had	DAMT	have	reported	waking	with	intense	feelings	of	guilt.	One	study	found	a	positive	association	between	having	these	dreams	and	successfully
stopping	the	behavior.[112]	Hypnogogic	and	hypnopompic	dreams,	dreamlike	states	shortly	after	falling	asleep	and	shortly	before	awakening,	and	dreams	during	stage	2	of	NREM-sleep,	also	occur,	but	are	shorter	than	REM-dreams.[113][114]	Main	article:	Daydream	Dante	Meditating,	1852,	by	Joseph	Noel	Paton	A	daydream	is	a	visionary	fantasy,
especially	one	of	happy,	pleasant	thoughts,	hopes	or	ambitions,	imagined	as	coming	to	pass,	and	experienced	while	awake.[115]	There	are	many	different	types	of	daydreams,	and	there	is	no	consistent	definition	amongst	psychologists.[115]	The	general	public	also	uses	the	term	for	a	broad	variety	of	experiences.	Research	by	Harvard	psychologist
Deirdre	Barrett	has	found	that	people	who	experience	vivid	dreamlike	mental	images	reserve	the	word	for	these,	whereas	many	other	people	refer	to	milder	imagery,	realistic	future	planning,	review	of	memories	or	just	"spacing	out"—i.e.	one's	mind	going	relatively	blank—when	they	talk	about	"daydreaming".[116][117]	While	daydreaming	has	long
been	derided	as	a	lazy,	non-productive	pastime,	it	is	now	commonly	acknowledged	that	daydreaming	can	be	constructive	in	some	contexts.[118]	There	are	numerous	examples	of	people	in	creative	or	artistic	careers,	such	as	composers,	novelists	and	filmmakers,	developing	new	ideas	through	daydreaming.	Similarly,	research	scientists,	mathematicians
and	physicists	have	developed	new	ideas	by	daydreaming	about	their	subject	areas.	Main	article:	Hallucination	A	hallucination,	in	the	broadest	sense	of	the	word,	is	a	perception	in	the	absence	of	a	stimulus.	In	a	stricter	sense,	hallucinations	are	perceptions	in	a	conscious	and	awake	state,	in	the	absence	of	external	stimuli,	and	have	qualities	of	real
perception,	in	that	they	are	vivid,	substantial,	and	located	in	external	objective	space.	The	latter	definition	distinguishes	hallucinations	from	the	related	phenomena	of	dreaming,	which	does	not	involve	wakefulness.	Main	article:	Nightmare	Woman	having	a	nightmare.	Jean-Pierre	Simon	(1764–1810	or	1813).	A	nightmare	is	an	unpleasant	dream	that	can
cause	a	strong	negative	emotional	response	from	the	mind,	typically	fear	or	horror,	but	also	despair,	anxiety	and	great	sadness.	The	dream	may	contain	situations	of	danger,	discomfort,	psychological	or	physical	terror.	Sufferers	usually	awaken	in	a	state	of	distress	and	may	be	unable	to	return	to	sleep	for	a	prolonged	period	of	time.[119]	Main	article:
Night	terror	A	night	terror,	also	known	as	a	sleep	terror	or	pavor	nocturnus,	is	a	parasomnia	disorder	that	predominantly	affects	children,	causing	feelings	of	terror	or	dread.	Night	terrors	should	not	be	confused	with	nightmares,	which	are	bad	dreams	that	cause	the	feeling	of	horror	or	fear.[120]	Main	article:	Déjà	vu	One	theory	of	déjà	vu	attributes	the
feeling	of	having	previously	seen	or	experienced	something	to	having	dreamed	about	a	similar	situation	or	place,	and	forgetting	about	it	until	one	seems	to	be	mysteriously	reminded	of	the	situation	or	the	place	while	awake.[121]	Main	article:	Melatonin	Melatonin	is	a	natural	hormone	secreted	by	the	brain's	pineal	gland,	inducing	nocturnal	behaviors	in
animals	and	sleep	in	humans	during	nighttime.	Chemically	isolated	in	1958,	melatonin	has	been	marketed	as	a	sleep	aid	since	the	1990s	and	is	currently	sold	in	the	United	States	as	an	over-the-counter	product	requiring	no	prescription.	Anecdotal	reports	and	formal	research	studies	over	the	past	few	decades	have	established	a	link	between	melatonin
supplementation	and	more	vivid	dreams.[122]	Psychology	portal	Dream	dictionary	Dream	incubation	Dream	of	Macsen	Wledig	Dream	pop	Dream	sequence	Dream	yoga	Dreamcatcher	Dreams	in	analytical	psychology	Dreamwork	False	awakening	Hatsuyume	Incubus	Lilith,	a	Sumerian	dream	demoness	List	of	dream	diaries	Mare	(folklore)	Mabinogion
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(female	Water-Ox)1500	or	1119	or	347				—	to	—阳木虎年(male	Wood-Tiger)1501	or	1120	or	348Year	1374	(MCCCLXXIV)	was	a	common	year	starting	on	Sunday	of	the	Julian	calendar.	April	23	–	In	recognition	of	his	services,	Edward	III	of	England	grants	the	English	writer	Geoffrey	Chaucer	a	gallon	of	wine	a	day,	for	the	rest	of	his	life.	June	24	–	The
illness	dancing	mania	begins	in	Aix-la-Chapelle	(Aachen),	possibly	due	to	ergotism.	October	27	–	King	Gongmin	of	Goryeo	is	assassinated	and	succeeded	by	U	of	Goryeo	on	the	throne	of	Goryeo	(in	modern-day	Korea).	November	25	–	James	of	Baux	succeeds	his	uncle,	Philip	II,	as	Prince	of	Taranto	(modern-day	eastern	Italy)	and	titular	ruler	of	the	Latin
Empire	(northern	Greece	and	western	Turkey).	Rao	Biram	Dev	succeeds	Rao	Kanhadev	as	ruler	of	Marwar	(the	modern-day	Jodhpur	district	of	India).	Shaikh	Hasan	Jalayir	succeeds	his	father,	Shaykh	Uways	Jalayir,	as	ruler	of	the	Jalayirid	Sultanate	in	modern-day	Iraq	and	western	Iran.	Hasan	proves	to	be	an	unpopular	ruler	and	is	executed	on	October
9	and	succeeded	by	his	brother,	Shaikh	Hussain	Jalayir.	Musa	II	succeeds	his	father,	Mari	Djata	II,	as	Mansa	of	the	Mali	Empire	(modern-day	Mali	and	Senegal).	Robert	de	Juilly	succeeds	Raymond	Berenger	as	Grand	Master	of	the	Knights	Hospitaller.	Princes	from	the	Kingdom	of	Granada	choose	Abu	al-Abbas	Ahmad	to	succeed	Muhammad	as-Said,	as
Sultan	of	the	Marinid	Empire	in	Morocco.	The	Empire	is	split	into	the	Kingdom	of	Fez	and	the	Kingdom	of	Marrakech.	A	form	of	the	Great	Plague	returns	to	Europe.	The	Château	de	Compiègne	royal	residence	is	built	in	France.	April	11	–	Roger	Mortimer,	4th	Earl	of	March,	heir	to	the	throne	of	England	(d.	1398)	November	26	–	Yury	Dmitrievich,
Russian	grand	prince	(d.	1434)	probable	Queen	Jadwiga	of	Poland	King	Martin	I	of	Sicily	(d.	1409)	March	12	–	Emperor	Go-Kōgon	of	Japan	(b.	1338).	June	5	or	June	6	–	William	Whittlesey,	Archbishop	of	Canterbury	June	29	–	Jan	Milíč	of	Kroměříž,	Czech	priest	and	reformer	July	19	–	Petrarch,	Italian	poet	(b.	1304)	September	–	Joanna	of	Flanders,
Duchess	of	Brittany	(b.	1295)	October	27	–	King	Gongmin	of	Goryeo	(b.	1330)	November	25	–	Prince	Philip	II	of	Taranto	December	1	–	Magnus	Eriksson,	king	of	Sweden	(b.	1316)	date	unknown	–	Gao	Qi,	Chinese	poet	(born	1336)	date	unknown	–	Konrad	of	Megenberg,	historian	(b.	1309)[1]	^	"Book	of	Nature".	World	Digital	Library.	August	7,	2013.
Retrieved	August	27,	2013.	Retrieved	from	"	3One	hundred	years,	from	1201	to	1300	For	the	video	game	series,	see	XIII	Century	(series).	Millennia	2nd	millennium	Centuries	12th	century	13th	century	14th	century	Timelines	12th	century	13th	century	14th	century	State	leaders	12th	century	13th	century	14th	century	Decades	1200s	1210s	1220s
1230s	1240s	1250s	1260s	1270s	1280s	1290s	Categories:	Births	–	Deaths	Establishments	–	Disestablishments	vte	Mongol	Emperor	Genghis	Khan	whose	conquests	created	the	largest	contiguous	empire	in	history	The	13th	century	was	the	century	which	lasted	from	January	1,	1201	(represented	by	the	Roman	numerals	MCCI)	through	December	31,
1300	(MCCC)	in	accordance	with	the	Julian	calendar.	The	Mongol	Empire	was	founded	by	Genghis	Khan,	which	stretched	from	Eastern	Asia	to	Eastern	Europe.	The	conquests	of	Hulagu	Khan	and	other	Mongol	invasions	changed	the	course	of	the	Muslim	world,	most	notably	the	Siege	of	Baghdad	(1258)	and	the	destruction	of	the	House	of	Wisdom.
Other	Muslim	powers	such	as	the	Mali	Empire	and	Delhi	Sultanate	conquered	large	parts	of	West	Africa	and	the	Indian	subcontinent,	while	Buddhism	witnessed	a	decline	through	the	conquest	led	by	Bakhtiyar	Khilji.	The	earliest	Islamic	states	in	Southeast	Asia	formed	during	this	century,	most	notably	Samudera	Pasai.[1]	The	Kingdoms	of	Sukhothai
and	Hanthawaddy	would	emerge	and	go	on	to	dominate	their	surrounding	territories.[2]	Europe	entered	the	apex	of	the	High	Middle	Ages,	characterized	by	rapid	legal,	cultural,	and	religious	evolution	as	well	as	economic	dynamism.	Crusades	after	the	fourth,	while	mostly	unsuccessful	in	rechristianizing	the	Holy	Land,	inspired	the	desire	to	expel
Muslim	presence	from	Europe	that	drove	the	Reconquista	and	solidified	a	sense	of	Christendom.	To	the	north,	the	Teutonic	Order	Christianized	and	gained	dominance	of	Prussia,	Estonia,	and	Livonia.	Inspired	by	new	translations	into	Latin	of	classical	works	preserved	in	the	Islamic	World	for	over	a	thousand	years,	Thomas	Aquinas	developed
Scholasticism,	which	dominated	the	curricula	of	the	new	universities.[3]	In	England,	King	John	signed	the	Magna	Carta,	beginning	the	tradition	of	Parliamentary	advisement	in	England.	This	helped	develop	the	principle	of	equality	under	law	in	European	judisprudence.[4]	The	Southern	Song	dynasty	began	the	century	as	a	prosperous	kingdom	but	were
later	invaded	and	annexed	into	the	Yuan	dynasty	of	the	Mongols.	The	Kamakura	Shogunate	of	Japan	successfully	resisted	two	Mongol	invasion	attempts	in	1274	and	1281.	The	Korean	state	of	Goryeo	resisted	a	Mongol	invasion,	but	eventually	sued	for	peace	and	became	a	client	state	of	the	Yuan	dynasty.[5]	In	North	America,	according	to	some
population	estimates,	the	population	of	Cahokia	grew	to	be	comparable	to	the	population	of	13th-century	London.[6]	In	Peru,	the	Kingdom	of	Cuzco	began	as	part	of	the	Late	Intermediate	Period.	In	Mayan	civilization,	the	13th	century	marked	the	beginning	of	the	Late	Postclassic	period.	The	Kanem	Empire	in	what	is	now	Chad	reached	its	apex.	The
Solomonic	dynasty	in	Ethiopia	and	the	Zimbabwe	Kingdom	were	founded.	Eastern	Hemisphere	in	1200	AD	Main	article:	1200s	1202:	Introduction	of	Liber	Abaci	by	Fibonacci.	1202:	Battle	of	Basian	occurs	on	July	27,	between	Kingdom	of	Georgia	and	Seljuks.	1202:	Battle	of	Mirebeau	occurs	on	August	1,	between	Arthur	I	of	Brittany	and	John	of	England.



1204:	Islamization	of	Bengal	by	Bakhtiyar	Khalji	and	oppression	of	Buddhism	in	East	India.	1204:	Fourth	Crusade	of	1202–1204	captures	Zadar	for	Venice	and	sacks	Byzantine	Constantinople,	creating	the	Latin	Empire.	1204:	Fall	of	Normandy	from	Angevin	hands	to	the	French	King,	Philip	Augustus,	end	of	Norman	domination	of	France.	1205:	The
Battle	of	Adrianople	occurred	on	April	14	between	Bulgarians	under	Tsar	Kaloyan	of	Bulgaria,	and	Crusaders	under	Baldwin	I,	(July	1172	–	1205),	the	first	emperor	of	the	Latin	Empire	of	Constantinople.	1206:	Genghis	Khan	is	declared	Great	Khan	of	the	Mongols.	1206:	The	Delhi	Sultanate	is	established	in	Northern	India	under	the	Mamluk	Dynasty.
1209:	Francis	of	Assisi	founds	the	Franciscan	Order.	1209:	The	Albigensian	Crusade	is	declared	by	Pope	Innocent	III.	Main	article:	1210s	A	page	of	the	Italian	Fibonacci's	Liber	Abaci	from	the	Biblioteca	Nazionale	di	Firenze	showing	the	Fibonacci	sequence	with	the	position	in	the	sequence	labeled	in	Roman	numerals	and	the	value	in	Arabic-Hindu
numerals.	1210:	Qutb-ud-Din	Aibak,	the	first	ruler	of	the	Delhi	Sultanate,	fell	down	from	a	horse	while	playing	chovgan	(a	form	of	polo	on	horseback)	in	Lahore	and	died	instantly	when	the	pommel	of	the	saddle	pierced	his	ribs.	1212:	The	Battle	of	Las	Navas	de	Tolosa	in	Iberia	marks	the	beginning	of	a	rapid	Christian	reconquest	of	the	southern	half	of
the	Iberian	Peninsula,	mainly	from	1230–1248,	with	the	defeat	of	Moorish	forces.	1212:	Frederick	of	Sicily	is	crowned	King	of	the	Romans	at	Mainz.	1213:	The	Kingdom	of	France	defeats	the	Crown	of	Aragon	at	the	Battle	of	Muret.	1214:	France	defeats	the	English	and	Imperial	German	forces	at	the	Battle	of	Bouvines.	1215:	King	John	signs	Magna
Carta	at	Runnymede.	1216:	Battle	of	Lipitsa	between	Russian	principalities.	1216:	Maravarman	Sundara	I	reestablishes	the	Pandya	Dynasty	in	Southern	India	1217–1221:	Fifth	Crusade	captures	Egyptian	Ayyubid	port	city	of	Damietta;	ultimately	the	Crusaders	withdraw.	Main	article:	1220s	c.	1220:	The	Kingdom	of	Mapungubwe	was	established	1220:
Frederick	II,	Holy	Roman	Emperor	is	crowned	in	Rome	1221:	Merv,	Herat,	Bamyan	and	Nishapur	are	destroyed	in	the	Mongol	invasion	of	the	Khwarazmian	Empire.	1222:	Andrew	II	of	Hungary	signs	the	Golden	Bull	which	affirms	the	privileges	of	Hungarian	nobility.	1223:	The	Signoria	of	the	Republic	of	Venice	is	formed	and	consists	of	the	Doge,	the
Minor	Council,	and	the	three	leaders	of	the	Quarantia.	1223:	The	Mongol	Empire	defeats	various	Russian	principalities	at	the	Battle	of	the	Kalka	River.	1223:	Volga	Bulgaria	defeats	the	army	of	the	Mongol	Empire	at	the	Battle	of	Samara	Bend.	1225:	Trần	dynasty	of	Vietnam	was	established	by	Emperor	Trần	Thái	Tông	ascended	to	the	throne	after	his
uncle	Trần	Thủ	Độ	orchestrated	the	overthrow	of	the	Lý	dynasty.	1226–1250:	Dispute	between	the	so-called	second	Lombard	League	and	Emperor	Frederick	II.	1227:	Estonians	are	finally	subjugated	to	German	crusader	rule	during	the	Livonian	Crusade.	1227:	Genghis	Khan	dies.	1228–1229:	Sixth	Crusade	under	the	excommunicated	Emperor	Frederick
II,	who	returns	Jerusalem	to	the	Crusader	States	in	a	negotiated	settlement	with	the	Sultan	of	Egypt,	Al-Kamil	1228–1230:	First	clash	between	Gregory	IX	and	Emperor	Frederick	II.	Main	article:	1230s	Portrait	of	the	Chinese	Zen	Buddhist	Wuzhun	Shifan,	painted	in	1238,	Song	dynasty.	1231:	Emperor	Frederick	II	promulgates	the	Constitutions	of	Melfi,
a	far-reaching	legal	code	influential	in	the	development	of	continental	European	statehood.[7][8]	1232:	The	Mongols	besiege	Kaifeng,	the	capital	of	the	Jin	dynasty,	capturing	it	in	the	following	year.	1233:	Battle	of	Ganter,	Ken	Arok	defeated	Kertajaya,	the	last	king	of	Kediri,	thus	established	Singhasari	kingdom[9]	Ken	Arok	ended	the	reign	of	Isyana
Dynasty	and	started	his	own	Rajasa	dynasty.	1235:	The	Mandinka	kingdoms	unite	to	form	the	Mali	Empire	which	leads	to	the	downfall	of	Sosso	in	the	1230s.	1237:	Emperor	Frederick	II	virtually	annihilates	the	forces	of	the	second	Lombard	League	at	the	Battle	of	Cortenuova.	1239–1250:	Third	conflict	between	the	Holy	Roman	Empire	and	the	Papacy.
1237–1240:	Mongol	Empire	conquers	Kievan	Rus.	1238:	Sukhothai	becomes	the	first	capital	of	Sukhothai	Kingdom.	Main	article:	1240s	1240:	Russians	defeat	the	Swedish	army	at	the	Battle	of	the	Neva.	1241:	Mongol	Empire	defeats	Hungary	at	the	Battle	of	Mohi	and	defeats	Poland	at	the	Battle	of	Legnica.	Hungary	and	Poland	ravaged.	1242:	Russians
defeat	the	Teutonic	Knights	at	the	Battle	of	Lake	Peipus.	1243–1250:	Second	Holy	Roman	Empire–Papacy	War.	1244:	Ayyubids	and	Khwarezmians	defeat	the	Crusaders	and	their	Muslim	allies	at	the	Battle	of	La	Forbie.	1249:	End	of	the	Portuguese	Reconquista	against	the	Moors,	when	King	Afonso	III	of	Portugal	reconquers	the	Algarve.	1248–1254:
Seventh	Crusade	captures	Egyptian	Ayyubid	port	city	of	Damietta,	crusaders	ultimately	withdraw,	after	the	capture	of	French	king	Louis	IX.	Mamelukes	overthrow	Ayyubid	Dynasty.	Main	article:	1250s	Mongol	Empire	in	1227	at	Genghis	Khan's	death	By	1250,	Pensacola	culture,	through	trade,	begins	influencing	Coastal	Coles	Creek	culture.[10]	1250:
The	Mamluk	dynasty	is	founded	in	Egypt.	1250:	Death	of	Emperor	Frederick	II	on	December	13th.	1257:	Baab	Mashur	Malamo	established	the	Sultanate	of	Ternate	in	Maluku.	1258:	Baghdad	captured	and	destroyed	by	the	Mongols,	effective	conclusion	of	the	Abbasid	Caliphate	in	Baghdad.	1258:	Pandayan	Emperor	Jatavarman	Sundara	I	invades
Eastern	India	and	northern	Sri	Lanka.	1259:	Treaty	of	Paris	is	signed	between	Louis	IX	and	Henry	III	Main	article:	1260s	1260:	Mongols	first	major	war	defeat	in	the	Battle	of	Ain	Jalut	against	the	Egyptians.	1260:	Toluid	Civil	War	begins	between	Kublai	Khan	and	Ariq	Böke	for	the	title	of	Great	Khan.	1261:	Byzantines	under	Michael	VIII	retake
Constantinople	from	the	Crusaders	and	Venice.	1262:	Iceland	brought	under	Norwegian	rule,	with	the	Old	Covenant.	1265:	Dominican	theologian	Thomas	Aquinas	begins	to	write	his	Summa	Theologiae.	1268:	Fall	of	the	Crusader	State	of	Antioch	to	the	Egyptians.	Main	article:	1270s	The	opening	page	of	one	of	Ibn	al-Nafis'	medical	works.	This	is
probably	a	copy	made	in	India	during	the	17th	or	18th	century.	1270:	Goryeo	dynasty	swears	allegiance	to	the	Yuan	dynasty.	1270:	The	Zagwe	dynasty	is	displaced	by	the	Solomonic	dynasty.	1271:	Edward	I	of	England	and	Charles	of	Anjou	arrive	in	Acre,	starting	the	Ninth	Crusade	against	Baibars.	1272–1274:	Second	Council	of	Lyon	attempts	to	unite
the	churches	of	the	Eastern	Roman	Empire	with	the	Church	of	Rome.	1274:	The	Mongols	launch	their	first	invasion	of	Japan,	but	they	are	repelled	by	the	Samurai	and	the	Kamikaze	winds.	1274:	The	Tepanec	give	the	Mexica	permission	to	settle	at	the	islet	Cauhmixtitlan	(Eagle's	Place	Between	the	Clouds)	1275:	Sant	Dnyaneshwar	who	wrote
Dnyaneshwari	(a	commentary	on	the	Bhagavad	Gita)	and	Amrutanubhav	was	born.	1275:	King	Kertanegara	of	Singhasari	launched	Pamalayu	expedition	against	Melayu	Kingdom	in	Sumatra	(ended	in	1292).	1277:	Passage	of	the	last	and	most	important	of	the	Paris	Condemnations	by	Bishop	Tempier,	which	banned	a	number	of	Aristotelian	propositions
1279:	The	Song	dynasty	ends	after	losing	the	Battle	of	Yamen	to	the	Mongols.	1279:	The	Chola	Dynasty	in	Southern	India	officially	comes	to	an	end.	Main	article:	1280s	1281:	The	Mongols	launch	their	second	invasion	of	Japan,	but	like	their	first	invasion	they	are	repelled	by	the	Samurai	and	the	Kamikaze	winds.	1282:	Aragon	acquires	Sicily	after	the
Sicilian	Vespers.	1284:	Peterhouse,	Cambridge	founded	by	Hugo	de	Balsham,	the	Bishop	of	Ely.	1284:	King	Kertanegara	launches	the	Pabali	expedition	to	Bali,	integrating	Bali	into	the	Singhasari	territory.	1285:	Second	Mongol	raid	against	Hungary,	led	by	Nogai	Khan.	1289:	The	County	of	Tripoli	falls	to	the	Bahri	Mamluks	led	by	Qalawun.	1289:
Kertanegara	insulted	the	envoy	of	Kublai	Khan,	who	demanded	that	Java	pay	tribute	to	the	Yuan	Dynasty.[11][12]	Main	articles:	1290s	and	1300s	Hommage	of	Edward	I	(kneeling),	to	the	Philippe	le	Bel	(seated).	As	duke	of	Aquitaine,	Edward	was	a	vassal	to	the	French	king.	The	Mamluk	Dynasty	comes	to	an	end	and	is	replaced	by	the	Khalji	dynasty.
1290:	By	the	Edict	of	Expulsion,	King	Edward	I	of	England	orders	all	Jews	to	leave	the	Kingdom	of	England.	1291:	The	Swiss	Confederation	of	Uri,	Schwyz,	and	Unterwalden	forms.	1291:	Mamluk	Sultan	of	Egypt	al-Ashraf	Khalil	captures	Acre,	thus	ending	the	Crusader	Kingdom	of	Jerusalem	(the	last	Christian	state	remaining	from	the	Crusades).	1292:
Jayakatwang,	duke	of	Kediri,	rebels	and	kills	Kertanegara,	ending	the	Singhasari	kingdom.	1292:	Marco	Polo,	on	his	voyage	from	China	to	Persia,	visits	Sumatra	and	reports	that,	on	the	northern	part	of	Sumatra,	there	were	six	trading	ports,	including	Ferlec,	Samudera	and	Lambri.[13]	1292:	King	Mangrai	founds	the	Lanna	kingdom.	1293:	Mongol
invasion	of	Java.[14]	Kublai	Khan	of	Yuan	dynasty	China,	sends	punitive	attack	against	Kertanegara	of	Singhasari,	who	repels	the	Mongol	forces.	1293:	On	10	November,	the	coronation	of	Nararya	Sangramawijaya	as	monarch,	marks	the	foundation	of	the	Hindu	Majapahit	kingdom	in	eastern	Java.	1296:	First	War	of	Scottish	Independence	begins.	1297:
Membership	in	the	Mazor	Consegio	or	the	Great	Council	of	Venice	of	the	Venetian	Republic	is	sealed	and	limited	in	the	future	to	only	those	families	whose	names	have	been	inscribed	therein.	1299:	Ottoman	Empire	is	established	under	Osman	I.	1300:	Islam	is	likely	established	in	the	Aceh	region.	1300:	Aji	Batara	Agung	Dewa	Sakti	founds	the	Kingdom
of	Kutai	Kartanegara/Sultanate	of	Kutai	in	the	Tepian	Batu	or	Kutai	Lama.	1300:	The	Turku	Cathedral	was	consecrated	in	Turku.[15]	1300:	Sri	Rajahmura	Lumaya,	known	in	his	shortened	name	Sri	Lumay,	a	half-Tamil	and	half	Malay	minor	prince	of	the	Chola	dynasty	in	Sumatra	established	the	Indianized	Rajahnate	of	Cebu	in	Cebu	Island	on	the
Philippine	Archipelago.	Alai	Gate	and	Qutub	Minar	were	built	during	the	Mamluk	and	Khalji	dynasties	of	the	Delhi	Sultanate.[16]	Early	13th	century	–	Xia	Gui	paints	Twelve	Views	from	a	Thatched	Hut,	during	the	Southern	Song	dynasty	(now	in	Nelson-Atkins	Museum	of	Art,	Kansas	City,	Missouri).	The	motet	form	originates	out	of	the	Ars	antiqua
tradition	of	Western	European	music.	Manuscript	culture	develops	out	of	this	time	period	in	cities	in	Europe,	which	denotes	a	shift	from	monasteries	to	cities	for	books.	Pecia	system	of	copying	books	develops	in	Italian	university-towns	and	was	taken	up	by	the	University	of	Paris	in	the	middle	of	the	century.	Wooden	movable	type	printing	invented	by
Chinese	governmental	minister	Wang	Zhen	in	1298.	The	earliest	known	rockets,	landmines,	and	handguns	are	made	by	the	Chinese	for	use	in	warfare.	The	Chinese	adopt	the	windmill	from	the	Islamic	world.	Guan	ware	vase	is	made,	Southern	Song	dynasty.	It	is	now	kept	at	Percival	David	Foundation	of	Chinese	Art,	London.	1250	–	Cliff	Palace,	Mesa
Verde,	and	other	Ancestral	Pueblo	architectural	complexes	reach	their	apex[17]	1280s	–	Eyeglasses	are	invented	in	Venice,	Italy.	Late	13th	century	–	Night	Attack	on	the	Sanjo	Palace	is	made	during	the	Kamakura	period.	It	is	now	kept	at	Museum	of	Fine	Arts,	Boston.	Late	13th	century	–	Descent	of	the	Amida	Trinity,	raigo	triptych,	is	made,	Kamakura
period.	It	is	now	kept	at	the	Art	Institute	of	Chicago.	The	Neo-Aramaic	languages	begin	to	develop	during	the	course	of	the	century.	Christianity	in	the	13th	century	^	"Samudra	Pasai	worthy	to	be	world	historical	site".	Republika	Online.	2017-03-24.	Retrieved	2020-01-24.	^	Coedès,	George	(1968).	Walter	F.	Vella	(ed.).	The	Indianized	States	of
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