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Outline	
•  The	life	course	perspec0ve	
– Example:	cardiovascular	disease	(CVD)	

•  Model	parameteriza0on	
•  Sta0s0cal	models	for	longitudinal	data	



THE	LIFE	COURSE	PERSPECTIVE	



The	Life	Course	Approach	
•  “The	study	of	long-term	effects	on	chronic	
disease	risk	of	physical	and	social	exposures	
during	gesta0on,	childhood,	adolescence,	
young	adulthood	and	later	adult	life.”	
– Pathways	that	operate	across	an	individual’s	life	
course	

– Pathways	that	operate	across	genera0ons	

Ben-Shlomo,	Y,	Kuh	D.	A	life	course	approach	to	chronic	disease	epidemiology:	conceptual	models,	empirical	challenges	and	interdisciplinary	perspec0ves.	Int	J	
Epidemiol.	2002;31(2):285-93.	



Life	Course	Exposure	Response	Model	

The	Epidemiology	of	Aging.	Dordrecht,	Springer	Science+Business	Media	(2012).	
	



HOW	DOES	THE	LIFE	COURSE	
APPROACH	DIFFER	FROM	OTHER	
APPROACHES	TO	EPIDEMIOLOGIC	
RESEARCH?	

Discussion:	



Key	Conceptual	Issues	
1.  Integra0ng	biological	and	psychosocial	

pathways	
2.  Understanding	natural	history	and	

physiological	trajectory	of	normal	biological	
systems	

Ben-Shlomo,	Y,	Kuh	D.	A	life	course	approach	to	chronic	disease	epidemiology:	conceptual	models,	empirical	challenges	and	interdisciplinary	perspec0ves.	Int	J	
Epidemiol.	2002;31(2):285-93.	



Ben-Shlomo,	Y,	Kuh	D.	A	life	course	approach	to	chronic	disease	epidemiology:	conceptual	models,	empirical	challenges	and	interdisciplinary	perspec0ves.	Int	J	
Epidemiol.	2002;31(2):285-93.	

1.	Integra0ng	the	Biological	&	Psychosocial	



Ben-Shlomo,	Y,	Kuh	D.	A	life	course	approach	to	chronic	disease	epidemiology:	conceptual	models,	empirical	challenges	and	interdisciplinary	perspec0ves.	Int	J	
Epidemiol.	2002;31(2):285-93.	

2.	Understanding	Biological	Systems	



WHAT	ARE	THE	PRIMARY	
CONCEPTUAL	LIFE	COURSE	
MODELS?		

Discussion:	



Conceptual	Life	Course	Models	

Ben-Shlomo,	Y,	Kuh	D.	A	life	course	approach	to	chronic	disease	epidemiology:	conceptual	models,	empirical	challenges	and	interdisciplinary	perspec0ves.	Int	J	
Epidemiol.	2002;31(2):285-93.	



1.	Cri0cal	Period	Model	
•  “Exposure	ac0ng	during	a	specific	period	has	
las0ng	or	lifelong	effects	on	the	structure	or	
func0on	of	organs,	0ssue	and	body	systems	
which	are	not	modified	in	any	drama0c	way	
by	later	experience.”	

•  Versus	sensi0ve	periods	
•  Effect	modifica0on	

Ben-Shlomo,	Y,	Kuh	D.	A	life	course	approach	to	chronic	disease	epidemiology:	conceptual	models,	empirical	challenges	and	interdisciplinary	perspec0ves.	Int	J	
Epidemiol.	2002;31(2):285-93.	



Programming	
•  Defini0on	
•  Developmental	plas0city	
•  Organ	systems	are	most	suscep0ble	during	
phases	of	rapid	growth	



Possible	Cri0cal	Periods	

Intrauterine	
Period	 Infancy	 Childhood	 Adolescence	 Adulthood	



WHAT	ARE	SOME	EXAMPLES	OF	
ASSOCIATIONS	BETWEEN	OLDER	
ADULT	HEALTH	AND	EXPOSURES	IN	
DIFFERENT	KEY	PERIODS?	

Discussion:	



Life	Course	Risk	Factors	

E.g.,	Cardiovascular	Disease	

•  Maternal	health,	development,	and	diet	
before	and	during	pregnancy	

•  Parental	history	of	cardiovascular	
disease	

•  Intrauterine	growth	retarda0on	
•  Childhood:	

–  Socioeconomic	depriva0on	
–  Stress	
–  Poor	growth	
–  Short	leg	length	
–  Obesity	
–  Certain	infec0ons	
–  Diet	

•  Late	adolescence:	
–  Blood	pressure	
–  Serum	cholesterol	
–  Smoking	
–  Lifle	physical	ac0vity	

•  Adulthood:	
–  Blood	pressure	
–  Serum	cholesterol	
–  Obesity	
–  Job	insecurity	and	unemployment	
–  Short	stature	
–  Binge	alcohol	drinking	
–  Diabetes	and	components	of	syndrome	X	
–  Elevated	fibrinogen,	acute	phase	reactants	
–  Certain	infec0on	



Fetal	Origins	Hypothesis	
•  Import	of	gesta0onal	period	
•  Key	characteris0cs	
•  I.e.,	Barker	hypothesis,	fetal	programming	
hypothesis,	thriiy	phenotype	hypothesis	

•  Caveat:	measured	exposure	is	typically	size	at	
birth	
–  Inexact	proxy	for	fetal	growth	



Birth	Weight	and	CVD	

Huxley	R,	Owen	CG,	Whincup	PH,	et	al.	Is	birth	weight	a	risk	factor	for	ischemic	heart	disease	in	later	life?.	Am	J	Clin	Nutr.	2007;85(5):1244-50.	



Possible	Mechanisms	of	Ac0on	

Ma0n-Gronert	MS,	Ozanne	SE.	Mechanisms	linking	subop0mal	early	nutri0on	and	increased	risk	of	type	2	diabetes	and	obesity.	J	Nutr.	2010;140(3):662-6.	



Effect	Modifica0on	by	Adult	Obesity	

Frankel	S,	Elwood	P,	Sweetnam	P,	et	al.	Birthweight,	body-mass	index	in	middle	age,	and	incident	coronary	heart	disease.	Lancet.	1996;348(9040):1478-80.	



Catch-up	Growth	
•  Rapid	growth	during	any	phase	of	
development	when	an	iden0fied	constraint	
has	been	removed	

•  In	infancy,	associated	with	CVD	risk	factors	by	
early	childhood	



Anthropometrics	by	Catch-up	Growth	

Cameron	N,	Demerath	EW.	Cri0cal	periods	in	human	growth	and	their	rela0onship	to	diseases	of	aging.	Am	J	Phys	Anthropol.	2002;Suppl	35:159-84.	



Age	of	Adiposity	Rebound	

Freedman	DS,	Khan	LK,	Serdula	MK,	et	al.	BMI	rebound,	childhood	height	and	obesity	among	adults:	the	Bogalusa	Heart	Study.	Int	J	Obes	Relat	Metab	Disord.	2001;25(4):543-9.	

•  Second	rise	in	the	BMI	curve	that	occurs	
between	ages	~5-7	years	

•  Inversely	associated	with	adult	adiposity	



Age	of	Matura0on	

Cameron	N,	Demerath	EW.	Cri0cal	periods	in	human	growth	and	their	rela0onship	to	diseases	of	aging.	Am	J	Phys	Anthropol.	2002;Suppl	35:159-84.	



Physical	Ac0vity	in	Adulthood	

Gill	JM,	Malkova	D.	Physical	ac0vity,	fitness	and	cardiovascular	disease	risk	in	adults:	interac0ons	with	insulin	resistance	and	obesity.	Clin	Sci	(Lond).	2006;110(4):409-25.	



2.	Accumula0on	of	Risk	
•  Cumula0ve	insults	during	the	life	course	
increase	risk	

•  Independent	vs.	clustered	insults	
•  Addi0ve	effect	vs.	trigger	effect	



Challenges	of	a	Life	Course	Approach	

•  Data	availability	
•  Study	design	
– Historical	cohorts	
– Case-control	studies	
– Experiments	

•  Analysis	



MODEL	PARAMETERIZATION	



HOW	IS	EXPOSURE	MOST	
COMMONLY	MODELED	IN	
EPIDEMIOLOGICAL	STUDIES?		

Discussion:	



HOW	DID	THE	INVESTIGATORS	
MODEL	“SOCIAL	CLASS”	IN	THE	
MISHRA	PAPER?	

Discussion:	



Summa0ve	Score	
Exposure	=	∑Sj	

•  Corresponds	to	accumula0on	of	risk	



Early	Life	Score	
Exposure	=	Searly	

•  Corresponds	to	cri0cal	period	hypothesis	



Interac0ons	
Exposure	=	Searly	+	Slater	+	SearlySlater	

•  Corresponds	to	cri0cal	period	hypothesis	with	
effect	modifica0on	at	later	0me	point	



Also	
•  Average	score	
•  Various	func0onal	forms	
•  Weigh0ng	different	0me	points	
•  Covariates	
•  Etc.	

“It	is	highly	advantageous	to	have	an	understanding	of	the	
biological	mechanisms	underlying	the	effect	of	exposures	on	
specific	health	outcomes	upon	which	to	base	sta0s0cal	
modelling”	

	Mishra	G,	Nitsch	D,	Black	S,	et	al.	A	structured	approach	to	modelling	the	effects	of	binary	exposure	variables	over	the	life	course.	Int	J	Epidemiol.	2009;38(2):
528-37.	
	



Outcomes	
•  Achievement	of	advanced	old	age	
•  Specific	health	condi0ons	
•  Decline	vs.	maintenance	of	func0on	
•  Mortality	



Trajectories	of	Outcome	

The	Epidemiology	of	Aging.	Dordrecht,	Springer	Science+Business	Media	(2012).	
	



HOW	DID	HULMÁN	AND	
COLLEAGUES	GET	AT	AGE	TRENDS?	

Discussion:	



HOW	DID	HULMÁN	AND	
COLLEAGUES	GET	AT	SECULAR	
TRENDS?	

Discussion:	



Sequen0al	Cross-Sec0onal	Analysis	
•  Evalua0on	of	risk	factor	distribu0ons	in	the	
same	age	group	over	0me	

Hulmán	A,	Tabák	AG,	Nyári	TA,	et	al.	Effect	of	secular	trends	on	age-related	trajectories	of	cardiovascular	risk	factors:	the	Whitehall	II	longitudinal	study	
1985-2009.	Int	J	Epidemiol.	2014;43(3):866-77.	
	



Quan0le	Regression	
•  Explanatory	variable:	calendar	year		
•  Outcome	variable:	quan0les	of	risk	factors	
•  Result:	assessment	of	linear	trends	

Hulmán	A,	Tabák	AG,	Nyári	TA,	et	al.	Effect	of	secular	trends	on	age-related	trajectories	of	cardiovascular	risk	factors:	the	Whitehall	II	longitudinal	study	
1985-2009.	Int	J	Epidemiol.	2014;43(3):866-77.	
	



Year	of	Birth	x	Age	Interac0ons	
•  Inclusion	of	interac0on	terms	in	mixed	effects	
models	

Hulmán	A,	Tabák	AG,	Nyári	TA,	et	al.	Effect	of	secular	trends	on	age-related	trajectories	of	cardiovascular	risk	factors:	the	Whitehall	II	longitudinal	study	
1985-2009.	Int	J	Epidemiol.	2014;43(3):866-77.	
	



STATISTICAL	MODELS	FOR	
LONGITUDINAL	DATA	



WHAT	STATISTICAL	MODELS	ARE	
VIABLE	FOR	LONGITUDINAL	DATA?	

Discussion:	



Generalized	Linear	Models	
•  Predic0on	of	a	response	variable	based	on	a	
linear	combina0on	of	observed	predictor	
variables	
– Linear	regression:	con0nuous	outcomes	
– Logis0c	regression:	binary	outcomes	
– Poisson	regression:	outcomes	of	count	

•  No	inherent	component	of	0me	



Survival	Analysis	
•  Evalua0on	of	dura0on	of	0me	un0l	outcome	
occurs	according	to	explanatory	variables	
(failure	0me	data)	
– Parametric	survival	model:	hazard	func0on	is	
specified	
•  Propor0onal	hazards	
•  Accelerated	failure	0me	model	

– Cox	propor0onal	hazards	model:	es0ma0on	of	
hazard	func0on	from	the	data	(semi-parametric)	



Longitudinal	Analysis	
•  Characteriza0on	of	change	in	the	response	
variable	over	0me	according	to	explanatory	
variables	(repeated	measures)	
– Generalized	es0ma0ng	equa0ons	(marginal	
effects	models):	es0ma0on	of	popula0on	
averages	

– Mixed	effects	models	(random	effects	models):	
es0ma0on	of	individual	effects	



LECTURE:	CHRONIC	DISEASES	AND	
DISORDERS	OF	AGING	
HOMEWORK:	OUTLINE	OF	DEBATE	
ARGUMENTS,	(PRESENTATION	SLIDES)	

Next	Week:	


