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JAMA Pediatrics,  2015 

•  MRI, IQ, and academic achievement in 
389 economically diverse children ages 
4-22 years. 

Hippocampus 

Frontal Lobes 
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Smaller volume in: 



•  The developmental brain differences explain as much as 20% 
of achievement deficits in low income children (and 
achievement deficits are associated with reduced occupational 
attainment). 

From Hair et al., JAMA Pediatrics, 2015 

Do education and occupational 
complexity influence later cognitive 
outcomes? 
 
Or 
 
Reverse causation?  Do cognitive ability 
level and brain development influence 
educational and occupational 
attainment? 



Average h2 of environmental measures = .27 



Addi$ve	gene$c	influences	

Common	environmental	influences	
Unique	environmental	influences	



Gene-Environment (G-E) Correlation 

•  When people with a genetic propensity for some trait 
also live in an environment that supports expression 
of that trait. 

•  Passive G-E Correlation:  When the environments are 
not sought out or selected. 

 
•  Active G-E Correlation:  When the environments are 

sought out or selected. 

•  Evocative (Reactive) G-E Correlation: When genetic 
propensities evoke responses from the environment. 

From Plomin et al., Psychological Bulletin, 1977 



Childhood	
SES	

Life$me	
Educa$on	

Occup.	
Complexity	

Cogni$ve	
Ac$vi$es	

Physical	
Ac$vity	

Abstract	Reasoning	 .007	 .001	 .027	 .002	 .040	

Episodic	Memory	 .742	 .001	 .012	 .015	 .492	

Processing	Speed	 .238	 .021	 .001	 .006	 .316	

Verbal	Fluency	 .965	 .001	 .038	 .001	 .996	

Visual-Spa$al	 .069	 .002	 .074	 .001	 .508	

Working	Memory	 .182	 .001	 .007	 .458	 .818	

Execu$ve	Func$on	 .088	 .001	 .002	 .587	 .578	

Age	62	Cogni$ve	Outcomes	in	VETSA	
[N	=	1009]	

Type	III	Effects	
Adjusted	for	age	and	race/ethnicity	



Childhood	
SES	

Age	20	
GCA	

Life$me	
Educa$on	

Occup.	
Complexity	

Cogni$ve	
Ac$vi$es	

Physical	
Ac$vity	

Abstract	Reasoning	 .092	 1.352e-26	 .096	 .025	 .031	 .175	

Episodic	Memory	 .616	 5.835e-16		 .003	 .009	 .117	 .797	

Processing	Speed	 .521	 2.688e-09		 .162	 .001	 .045	 .124	

Verbal	Fluency	 .626	 1.475e-04		 .001	 .028	 .001	 .786	

Visual-Spa$al	 .514	 2.657e-34		 .143	 .069	 .015	 .712	

Working	Memory	 .736	 1.691e-22		 .006	 .006	 .660	 .637	

Execu$ve	Func$on	 .629	 2.146e-22		 .002	 .001	 .516	 .870	

Type	III	Effects	
Adjusted	for	age	and	race/ethnicity	

Age	62	Cogni$ve	Outcomes	in	VETSA	
[N	=	1009]	

1.352e-26	

5.835e-16		

2.688e-09		

1.475e-04		

2.657e-34		

1.691e-22		

2.146e-22		

.001	

.001	

.001	

.001	



Childhood	
SES	

Age	20	
GCA	

Life$me	
Educa$on	

Occup.	
Complexity	

Cogni$ve	
Ac$vi$es	

Physical	
Ac$vity	

Abstract	Reasoning	 .176	 1.212e-55		 .572	 .062	 .082	 .550	

Episodic	Memory	 .876	 1.101e-15		 .090	 .077	 .133	 .684	

Processing	Speed	 .682	 2.470e-11		 .390	 .001	 .015	 .025	

Verbal	Fluency	 .514	 1.727e-05		 .027	 .087	 .003	 .109	

Visual-Spa$al	 .509	 .016		 .025	 .113	 .077	 .312	

Working	Memory	 .698	 2.952e-24		 .026	 .008	 .824	 .092	

Execu$ve	Func$on	 .829	 6.620e-15		 .037	 .001	 .617	 .189	

Type	III	Effects	
Adjusted	for	age	and	race/ethnicity	

Age	62	Cogni$ve	Outcomes	in	VETSA:	
12	Years	Educa$on	at	Age	20	

[N	=	711]	
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Age	62	Cogni$vely	Normal	(N=774)			
vs.	Amnes$c	MCI	(N=126)	

[MCI	defined	based	on	scores	adjusted	for	age	20	GCA*]	

 
Predictors 

Effect Size 
(Cohen’s d) 

*Age 20 Education ns 
*Adult Education .26 
*Adult Occupation .27 
*Adult Cognitive Activities ns 

Age 20 GCA  
(based on MCI not 
adjusted for age 20 GCA) 

≈.52 
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Age	20	GCA	Percen$le	

475	VETSA	Par$cipants	with	
Exactly	12	Years	of	Educa$on	



rG	(Educ.-Intell.)	=	0.70	



Cogni$ve	Reserve	





“Cogni$ve	reserve	(CR):		“Differences	in	cogni$ve	
processes	as	a	func$on	of	life$me	intellectual	ac$vi$es	
and	other	environmental	factors	that	explain	
differen$al	suscep$bility	to	func$onal	impairment	in	
the	presence	of	pathology	or	other	neurological	
insult.”	

Barulli	&	Stern,	Trends	in	Neuroscience,	2013	

“These	theories	focus	either	on	compensatory	
mechanisms	(emphasizing	adapta$ons	to	diminished	
func$on	or	impaired	brain	structure),	neuroprotec$ve	
mechanisms	(emphasizing	factors	which	prevent	
diminished	func$on	and	impaired	structure),	or	some	
combina$on	of	both.”		



“CR	is	olen	es$mated	using	proxy	variables	for	
life$me	exposures	and	cogni$ve	ac$vity…”	
	
•  Years	of	educa$on	
•  Measures	of	crystallized	intelligence	(e.g.,	vocab)	
•  Literacy	level	
•  Intellectually	s$mula$ng	leisure	ac$vi$es	
•  Occupa$onal	complexity	
•  SES	

Barulli	&	Stern,	Trends	in	Neuroscience,	2013	

Are	these	processes,	mechanisms,	or	adapta$ons?	



Is	cogni$ve	reserve	a	process	or	a	variable?	

Is	cogni$ve	reserve	a	dynamic	phenomenon	
or	a	sta$c	measure?	

Is	it	a	verb	or	a	noun?	



Barulli	&	Stern,	Trends	in	Neuroscience,	2013	



AD	Pathology	

Cogni$ve	
Reserve	

Cogni$ve	
Status	X	



•  Weak	form	of	reserve	(Stern)	
•  Differen$al	preserva$on	(Tucker-Drob)	
•  Passive	form	of	CR	(Zahodne,	Stern)	
•  Main	effect	

High	Reserve	

Low	Reserve	
Age	

Co
gn
i$
ve
	F
un

c$
on

	



High	Reserve	

Low	Reserve	

High	Reserve	

Low	Reserve	

•  Modera$on	(interac$on)	effects	

*Post-MCI	or	post-demen$a	
		(Stern)	

*Stronger	form	of	reserve	(Stern)		
*Differen$al	preserva$on	
		(Tucker-Drob)	
*Ac$ve	form	of	CR	(Zahodne,	Stern)	
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Incident	MCI	

Barulli	&	Stern,	Trends	in	Neuroscience,	2013	





HR	Remain	Normal	

LR	Remain	Normal	

LR	Progressed	

HR	Progressed	

Educa$on:		17.0	(2.4)	
-2	SD	=	12.2	

NART	IQ:		119.6	(7.9)	
-2	SD	=	103.8	

High	Reserve	

Low	Reserve	
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High	Reserve	

Low	Reserve	
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Educa$on	

Income	

Cogni$ve	
Change	

Educa$on	

Income	

Cogni$ve	
Change	

Low	
Educa$on	
Subgroup	

High	
Educa$on	
Subgroup	

Low	Educ.	Group	(0	–	8	years)					High	Educ.	Groups	(9	-	20	years)	



A	Slightly	Different	Viewpoint	



Cogni$ve	Reserve:		
•  Intellectual	Capacity	(usually	maximum,	but	could	be	current)	
•  Best	approximated	by	IQ/GCA/g;	second	best	is	“hold”	tests.	
•  Tends	to	decline	with	age	
•  May	be	maintained	or	decline	may	be	slowed	via	ac$vi$es	

that	s$mulate	brain	and	cogni$on.	

High	Reserve	

Low	Reserve	High	Reserve	

Low	Reserve	

High	Reserve	

Low	Reserve	

Age	



Cogni$ve	reserve	
•  Intellectual	capacity	(early	GCA,	current	NART,	WRAT	reading,	Vocab)	

Factors	that	may	maintain/enhance	cogni$ve	reserve	(≠	CR)		
•  Occupa$onal	Complexity	
•  Engagement	in	Cogni$ve	Ac$vi$es	
•  SES	

“In	between”	
•  Educa$on	≈	CR	as	a	weak	proxy	for	intellectual	capacity,	but	also	may	

maintain/enhance	CR.	

Resilience	(≠	CR)			
•  The	ability	or	capacity	to	adapt	to	or	recover	from	adversity.	



What’s	the	rela$onship	between	resilience	and	reserve?	
•  Degree	of	resilience	may	differ	as	a	func$on	of	differences	in	cogni$ve	

reserve.	



Higher	CR	confers	greater	resilience	with	respect	to	
memory	in	the	face	of	brain	adversity.	



•  What look like environmental exposures that enhance CR 
may actually be largely determined by genes and GE 
correlation. 

•  In epidemiological studies, education, occupational 
complexity, and engagement in cognitive activities appear to 
be more “neuroselective” than “neuroprotective.” 

•  Much of the education differences related to older adult 
outcomes may really be a function of longstanding IQ/GCA 
differences. 

Concluding	Thoughts	



•  People are not randomly assigned to their amount of 
educational exposure, occupational complexity, or 
engagement in cognitive activities.    
•  Causal inferences are very limited, without random 

assignment to conditions. 

•  Policy implications: 
•  If the effect is primarily reverse causation, then 

recommendations for increasing exposure to these 
activities may be of little benefit. 

  
•  A key to enhancing CR as a protective factor against 

cognitive decline and dementia may be very early 
intervention to improve conditions that will allow for 
adequate brain development during sensitive periods. 



•  Interventions to enhance CR during later life: 
•  There is growing evidence that interventions in later life 

can be effective. 

•  Random assignment is critical. 

•  The extent of engagement that people do on their own 
may not be enough. 

•  Engagement may need to be intensive and lengthy. 

On	a	More	Op$mis$c	Note…	
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“Brain	Reserve:		Differences	in	brain	size	and	other	
quan$ta$ve	aspects	of	the	brain	that	explain	suscep$bility	to	
func$onal	impairment	in	the	presence	of	pathology	or	other	
neurological	insult.”	
	
	
	
“Brain	Maintenance:		Individual	differences	in	suscep$bility	to	
pathology,	par$cularly	in	the	context	of	aging;	whereas	
reserve	theories	emphasize	compensatory	mechanisms,	
maintenance	theories	emphasize	neuroprotec$ve	
mechanisms.”	
	
						 Barulli	&	Stern,	Trends	in	Neuroscience,	2013	





•  Hippocampal	volume	as	an	index	of	brain	burden	or	
advantage.	

	
•  Cross-sec0onal:			Predict	a	memory	x	hippocampal	volume	

interac$on,	i.e.,	the	correla$on	will	be	higher	in	people	
with	low	CR	than	in	people	with	high	CR.			

Resilience	in	Rela$on	to	Cogni$ve	Reserve	



•  Educa$on,	occupa$onal	complexity,	and	engagement	in	
cogni$ve	ac$vi$es	are	olen	considered	to	be	cogni$ve	
reserve	proxies.	

•  All	are	associated	with	reduced	risk	for	cogni$ve	decline	and	
demen$a.	

•  Therefore… 

Increasing	these	things	should	be	neuroprotec$ve.	

????	


