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Symptoms (Mahar et al. 2014)



Depression
Ø 	Experienced	by	~7%	of	Americans	in	any	year	

Ø 	Prevalence	(up	to	~20%	life>me)	

Ø 	Females	2	–	3x	males,	higher	40+	years	of	age	

Ø 	MZ	concordance	~60%	vs.	DZ	~20%	suggest	gene>c	component	



Neurological Factors
Ø 	Reduced	hippocampal	volumes	

Ø 	(Videbech	and	Ravnkilde	2004)	meta-analysis	

Ø 	Meta-analysis	combines	effects	across	many	different	studies	

	



(Videbech and Ravnikilde 2004)



(Videbech and Ravnikilde 2004)



Neurological factors
Ø 	(Fitzgerald	et	al.	2008)	
Ø 	Hypoac>vity	in:	
•  	frontal	and	temporal	cortex	
•  	anterior	cingulate	
•  	insula	
•  	cerebellum	

Ø 	(Siegle	et	al.	2002)	
Ø  	Persistent	ac>va>on	in	amygdala	

	



(Fitzgerald et al. 2008)

(a)  pa>ents	v.	controls	
(b)  pa>ents	on	SSRI	
(c)	pa>ents	v.	ctrls	(happy	s>m)	
(d)	pa>ents	v.	controls	(sad	s>m)	



DisrupNve connecNvity 
Ø 	Res>ng	state	fMRI	(rsFMRI)	in	421	pa>ents	with	major	depressive	disorder	and	
488	control	subjects	

Ø 	Reduced	connec>vity	between	orbitofrontal	cortex	(OFC)	and	other	areas	of	
the	brain	

Ø 	Increased	connec>vity	between	lateral	PFC	and	other	brain	areas		
Ø (Cheng	et	al.	2016)	



(Cheng et al. 2016)



Disturbed sleep
Ø 	Less	slow	wave	(stage	3	and	4)	
Ø 	More	REM	earlier	in	night	(typical	is	longer	REM	as	night	goes	on)	
	



Pharmacological factors
Ø 	Endocrine	
•  Lowered	thyroid	func>on	
• High/chronic	cor>sol	levels	

Ø Monoamine	Hypothesis	
•  	More:	euphoria	
•  	Less:	depression	
•  	Resperine	(antagonist	for	NE	&	5-HT)	can	cause	depression	
•  	Low	serotonin	(5-HT)	metabolite	levels	in	CSF	of	suicidal	depressives	(Samuelsson	et	al.	2006)	





(Mahar et al. 2006)



Problems with monoamine hypothesis
Ø 	Too	simplis>c	

Ø 	NE,	5-HT	interact	
Ø 	Treatments	targe>ng	monoamines	can	act	fairly	quickly	(min),	but	overall	
improvement	slow	(weeks)	



Treatments for depression
Ø 	Psychotherapy	
•  	Ocen	most	effec>ve	when	combined	with	drug	treatment	

Ø 	Drugs		(only	the	legal	kind)	
Ø 	Exercise	



Exercise as treatment (Babyak et al. 2000)



Drugs
Ø 	Monoamine	oxidase	(MAO)	inhibitors		

•  MAO	destroys	excess	monoamines	in	terminal	budons	
•  MAO-I’s	boost	monoamine	levels	

Ø 	Tricyclics		
•  Inhibit	NE,	5-HT	reuptake	
•  Upregulate	monoamine	levels,	but	non-selec>ve	=	side	effects	



How well do the drugs work?
Ø 	STAR*D	trial	
Ø 	On	SSRI	for	12-14	weeks.	~1/3	achieved	remission;	10-15%	showed	symptom	
reduc>on.	

Ø 	If	SSRI	didn't	work,	could	switch	drugs.	~25%	became	symptom	free.	

Ø 	16%	of	par>cipants	dropped	out	due	to	tolerability	issues	
Ø 	Took	6-7	weeks	to	show	response.	



Who will benefit from drug therapy?
Ø Depends	on		

•  Early	life	stress	
•  Brain	(amygdala)	response	to	emo>onal	faces	

Ø (Goldstein-Piekarski	et	al.	2016)	
Ø Low-stress	+	low	amyg	reac>vity	->	>	responding	

Ø High	stress	+	high	amyg	reac>vity	->	>	responding	



(Goldstein-Piekarski et al. 2016)



What do drugs do, then?
Ø 	Receptor	sensi>vity	altered?		
•  Serotonin	presynap>c	autoreceptors	compensate	
•  Postsynap>c	upregula>on	of	NE/5-HT	effects	

Ø 	S>mulate	neurogenesis?		
•  Link	to	neurotrophin,	brain-derived	nerve	growth	factor	(BDNF)	
•  BDNF	boosts	neurogenesis	
•  SSRIs	s>mulate	new	neurons	in	hippocampus	



Drugs vs. therapy 

(DeRubeis,	Siegle,	and	Hollon	2008)	



(DeRubeis, Siegle, and Hollon 2008)



(DeRubeis, Siegle, and Hollon 2008)



(DeRubeis, Siegle, and Hollon 2008)



Rapid Rate Transcranial MagneNc SNmulaNon (rTMS)
Ø 	Lesion/neuroimaging	studies	link	depression	to	lec	dorsolateral	prefrontal	lobe	dysfunc>on	

Ø Copper	coil	emits	series	of	magne>c	pulses	that	can	inhibit	or	excite	specific	cor>cal	structures;	
in	this	case,	goal	is	an	excitatory	effect	of	PFC	

Ø 	Actual	mechanisms	not	well	understood	

Ø 	Noninvasive,	but	slightly	painful	to	some	individuals	depending	on	their	tolerance	



Pascual-Leone,	Rubio,	Pallardo,	&	Catala,	1996	



Electroconvulsive Therapy (ECT)
Ø 	Last	line	of	treatment	for	drug-resistant	depression	

Ø 	Electric	current	delivered	to	the	brain	causes	30-60s	seizure.	
Ø 	ECT	usually	done	in	a	hospital's	opera>ng	or	recovery	room	under	general	
anesthesia.	

Ø 	Once	every	2	-	5	days	for	a	total	of	6	-	12	sessions.	



Electroconvulsive Therapy (ECT)
Ø Remission	rates	of	up	to	50.9%	(Dierckx	et	al.	2012)	

Ø Seems	to	work	via		
•  An>convulsant	(block	Na+	channel	or	enhance	GABA	func>on)	effects	
•  Neurotrophic	(s>mulates	neurogenesis)	effects	



PaNents speak
Ø 	Kidy	Dukakis'	story:	
hdp://www.ny>mes.com/2016/12/31/us/kidy-dukakis-electroshock-therapy-
evangelist.html	



Neurogenesis hypothesis, (Mahar et al. 2014)
Ø 	Chronic	stress	causes	neural	loss	in	hipp	
Ø 	Chronic	stress	downregulates	5-HT	sensi>vity	
Ø 	Depression	~	chronic	stress	
Ø 	An>-depressants	may	upregulate	neurogenesis	via	5-HT	modula>on	



Depression’s widespread impact
Ø 	Widespread	brain	dysfunc>on	

Ø 	Prefrontal	cortex,	amygdala,	HPA	axis,	circadian	rhythms	

Ø 	Gene>c	+	environmental	factors	

Ø 	Disturbance	in	5-HT,	NE	systems,	cor>sol	

Ø 	Many	sufferers	do	not	respond	to	available	treatments	
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