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I t d tiI t d tiIntroductionIntroduction

Most research on ALE:Most research on ALE:
–– Uses disaggregated raw data to examine Uses disaggregated raw data to examine 

group differences in ALEgroup differences in ALEg pg p
–– Generates point estimates for ALE, DLE, Generates point estimates for ALE, DLE, 

and TLEand TLEand TLEand TLE
–– (exception:  IMaCh users)(exception:  IMaCh users)



t’dt’dcont’dcont’d

But, disaggregation & point estimation has But, disaggregation & point estimation has 
li it tili it tilimitationslimitations
–– Does not allow statistical testing of group Does not allow statistical testing of group 

diffdiffdifferencesdifferences
–– More importantly, because covariates can’t be More importantly, because covariates can’t be 

modeled it cannot allow estimation of role ofmodeled it cannot allow estimation of role ofmodeled, it cannot allow estimation of role of modeled, it cannot allow estimation of role of 
intervening variablesintervening variables



t’dt’dcont’dcont’d

In this research:In this research:
–– We show how a Bayesian approach can remedy We show how a Bayesian approach can remedy 

these shortcomingsthese shortcomings
W d i i th l f d ti iW d i i th l f d ti i–– We do so in assessing the role of education in We do so in assessing the role of education in 
explaining blackexplaining black--white differences in ALE in the white differences in ALE in the 
USUSUS US 

–– Purpose both methodological and substantivePurpose both methodological and substantive



S b t ti B k dS b t ti B k dSubstantive BackgroundSubstantive Background

Extant literature has studied race Extant literature has studied race 
diff i US h lth d t litdiff i US h lth d t litdifferences in US health and mortality differences in US health and mortality 
extensivelyextensively
–– Known that blacks fare worse until Known that blacks fare worse until 

possibly in very late life:  worse health, possibly in very late life:  worse health, 
t lit t d ALEt lit t d ALEmortality rates, and ALEmortality rates, and ALE

–– SES differences account for a large SES differences account for a large 
ti (b t t j it ) fti (b t t j it ) fproportion (but not majority) of proportion (but not majority) of 

differencesdifferences



t’dt’dcont’dcont’d

Little research has examined role of Little research has examined role of 
education in education in ALEALE differencesdifferences
–– But important because ALE combinesBut important because ALE combinesBut important because ALE combines But important because ALE combines 

health and mortality experiencehealth and mortality experience
–– Important for additional reasons: cohortImportant for additional reasons: cohortImportant for additional reasons:  cohort Important for additional reasons:  cohort 

change in educational attainment can change in educational attainment can 
help us understand future of racehelp us understand future of racehelp us understand future of race help us understand future of race 
differences in ALEdifferences in ALE



Q tiQ tiQuestions:Questions:

Are there race differences in ALE, DLE, Are there race differences in ALE, DLE, 
and TLE (and the proportion ALE/TLE)and TLE (and the proportion ALE/TLE)
What proportion of these racialWhat proportion of these racialWhat proportion of these racial What proportion of these racial 
differences are explained by differences are explained by 
education?education?education?education?



D tD tDataData

Data from the 1987 and 1992 followData from the 1987 and 1992 follow--
ups to the NHANES (NHEFS)ups to the NHANES (NHEFS)
Limit to black and white survivors ageLimit to black and white survivors ageLimit to black and white survivors age Limit to black and white survivors age 
65+ in 1987, for whom status in ’87 65+ in 1987, for whom status in ’87 
and ’92 were known (n 3 056)and ’92 were known (n 3 056)and 92 were known (n=3,056)and 92 were known (n=3,056)
Include sex, race, and education as Include sex, race, and education as 
covariates, along with age (in 5covariates, along with age (in 5--year year 
groups) & disability status (1+ ADLs)groups) & disability status (1+ ADLs)groups) & disability status (1+ ADLs)groups) & disability status (1+ ADLs)



A l iA l iAnalysisAnalysis

–– 1. Estimate a multivariate hazard model 1. Estimate a multivariate hazard model 
/ Gibb li/ Gibb li tt l fl fw/ Gibbs samplingw/ Gibbs sampling——get get mm samples of samples of 

parametersparameters
–– 2. Take distributions of parameters and 2. Take distributions of parameters and 

generate generate m m transition probability matrices transition probability matrices 
for multistate life table estimation for for multistate life table estimation for 
given covariate profilesgiven covariate profiles

–– 3.  Summarize distributions of ALE3.  Summarize distributions of ALE



A l i t’dA l i t’dAnalysis, cont’dAnalysis, cont’d

State space for model is:State space for model is:



M d l E ti tiM d l E ti tiModel EstimationModel Estimation

Use Gibbs samplingUse Gibbs sampling
–– Simulate (Y*,Z* | Simulate (Y*,Z* | β, ω, Σβ, ω, Σ)~TBvn())~TBvn()

(bivariate normal latent data for observed(bivariate normal latent data for observed(bivariate normal latent data for observed (bivariate normal latent data for observed 
bivariate dichotomous data)bivariate dichotomous data)

–– Simulate (Simulate (ββ || ββ ω  Σ  ω  Σ  Y* Z*Y* Z*)~N())~N()–– Simulate (Simulate (ββjj | | ββ--jj , , ω, Σ, ω, Σ, Y , ZY , Z )~N())~N()
–– Simulate (Simulate (ΣΣ | | ββ , , ωω, Y*, Z*)~InvW(), Y*, Z*)~InvW()
–– RepeatRepeat



Lif T bl E ti tiLif T bl E ti tiLife Table EstimationLife Table Estimation

Tables are estimated for each parameter sample Tables are estimated for each parameter sample 
from the Gibbs samplerfrom the Gibbs samplerfrom the Gibbs samplerfrom the Gibbs sampler
–– Choose covariate profile and construct transition Choose covariate profile and construct transition 

probability matrices probability matrices 
G t lt i b i hG t lt i b i h–– Generate mslts using a basic approach:Generate mslts using a basic approach:

l ( i , a+1 )= l ( i , a ) + l ( +i , a ) l ( i , a+1 )= l ( i , a ) + l ( +i , a ) -- l ( l ( --i , a )i , a )( , ) ( , ) ( , )( , ) ( , ) ( , ) (( , ), )



Issues: How account forIssues: How account forIssues:  How account for Issues:  How account for 
race differences?race differences?

Choice of hazard model(s)Choice of hazard model(s)
–– One model with education includedOne model with education included
Choice of covariate profilesChoice of covariate profilespp
–– Set female=.5Set female=.5
–– Four profiles: black/white; black/whiteFour profiles: black/white; black/whiteFour profiles:  black/white; black/white Four profiles:  black/white; black/white 

means for educationmeans for education
Choice of radicesChoice of radicesChoice of radicesChoice of radices
–– Two sets:  black/white proportions at 65Two sets:  black/white proportions at 65



D i tiD i tiDescriptivesDescriptives

VariableVariable B (n=355)B (n=355) W (n=2701)W (n=2701)

AgeAge MD~77MD~77 MD~76MD~76

FemaleFemale 65.1%65.1% 60.9%60.9%

EducationEducation 7 9(3 9)7 9(3 9) 10 5(3 4)10 5(3 4)EducationEducation 7.9(3.9)7.9(3.9) 10.5(3.4)10.5(3.4)

Start DisabledStart Disabled 25.1%25.1% 16.4%16.4%

End DisabledEnd Disabled 20.8/32.0%20.8/32.0% 14.8/21.4%14.8/21.4%

End DeadEnd Dead 34.9%34.9% 30.9%30.9%



Gibb T Pl tGibb T Pl tGibbs Trace Plot, e.g.Gibbs Trace Plot, e.g.



Histogram of (Disability) Histogram of (Disability) 
I f GibbI f GibbIntercept from Gibbs Intercept from Gibbs 
SamplerSamplerSamplerSampler



P bit R ltP bit R ltProbit ResultsProbit Results

VariableVariable Dis.Dis. DeathDeath Dis.Dis. DeathDeath
Const.Const. --1.4***1.4*** --1.1***1.1*** --1.3***1.3*** --.8***.8***
AgeAge .22***.22*** .32***.32*** .22***.22*** .33***.33***gg
Dt1Dt1 1.55***1.55*** .69***.69*** 1.6***1.6*** .64***.64***
A*Dt1A*Dt1 20***20*** 00 21***21*** 0101A*Dt1A*Dt1 --.20***.20*** 00 --.21***.21*** .01.01
FemaleFemale .10**.10** --.40***.40*** .10.10 --.39***.39***
BlackBlack .21*.21* .03.03 .18#.18# --.02.02
Educ.Educ. --.01.01 --.02*.02*Educ.Educ. .01.01 .02.02



I t t ti f P bitI t t ti f P bitInterpretation of ProbitInterpretation of Probit

If just using standard interpretation, If just using standard interpretation, 
education “explains” 14.3% of education “explains” 14.3% of 
difference in disability between blacks difference in disability between blacks yy
and whitesand whites
Similarly education “explains” (Similarly education “explains” (moremoreSimilarly, education explains  (Similarly, education explains  (more more 
thanthan) 100% of mortality difference) 100% of mortality difference
But, what about ALE (and TLE)?But, what about ALE (and TLE)?



Black and White TLE:Black and White TLE:Black and White TLE:  Black and White TLE:  
Education Education not not ControlledControlled



Black and White TLE:Black and White TLE:Black and White TLE:  Black and White TLE:  
Education ControlledEducation Controlled



Black and White ALE:Black and White ALE:Black and White ALE:  Black and White ALE:  
Education Education not not ControlledControlled



Black and White ALE:Black and White ALE:Black and White ALE: Black and White ALE: 
Education ControlledEducation Controlled



Change in ALE and TLE withChange in ALE and TLE withChange in ALE and TLE with Change in ALE and TLE with 
Inclusion of EducationInclusion of Education

Cov. ProfileCov. Profile WhiteWhite
(ALE/TLE)(ALE/TLE)

BlackBlack Chg(%)Chg(%)
(ALE/TLE)(ALE/TLE)

BRBR--BMBM 12.0(.31)12.0(.31) 9.86(.7)9.86(.7) 2.132.13
14.6(.30)14.6(.30) 13.7(.7)13.7(.7) .97.97

WRWR--BMBM 12.0(.31)12.0(.31) 10.88(.7)10.88(.7) 1.11(48%)1.11(48%)
14.6(.30)14.6(.30) 14.12(.7)14.12(.7) .51(47%).51(47%)

WRWR--WMWM 12.0(.31)12.0(.31) 11.3(.7)11.3(.7) .74 ( 65% / 34% ).74 ( 65% / 34% )
14.6(.30)14.6(.30) 14.6(.8)14.6(.8) .07 ( 97% / 86% ).07 ( 97% / 86% )



S b t ti C l iS b t ti C l iSubstantive ConclusionsSubstantive Conclusions

Not substantial race differences at 65 in Not substantial race differences at 65 in 
TLETLE butbutTLE, TLE, butbut
Significant differences in ALE and ALE/TLE Significant differences in ALE and ALE/TLE 
existexist
If radices areIf radices are not a function of educationnot a function of education, , 
34% of ALE difference is explained by 34% of ALE difference is explained by 
d ti diff 86% f TLE id ti diff 86% f TLE ieducation differences; 86% of TLE iseducation differences; 86% of TLE is

If radices If radices areare a (total) function of education, a (total) function of education, 
65% of ALE difference is explained by65% of ALE difference is explained by65% of ALE difference is explained by 65% of ALE difference is explained by 
education differences; 97% of TLE iseducation differences; 97% of TLE is



M th d l i l N tM th d l i l N tMethodological NotesMethodological Notes

Approach works very well and is flexibleApproach works very well and is flexible
–– Software allows unlimited covariatesSoftware allows unlimited covariates
–– “Always” converges with Gibbs sampling“Always” converges with Gibbs samplingAlways  converges with Gibbs samplingAlways  converges with Gibbs sampling
–– Hazard model run takes about 5Hazard model run takes about 5--10 10 

minutes; life table construction takesminutes; life table construction takesminutes; life table construction takes minutes; life table construction takes 
about 5 minutesabout 5 minutes



C t’dC t’dCont’dCont’d

LimitationsLimitations
–– Written in UnixWritten in Unix--based C only, at the based C only, at the 

momentmoment
–– AgeAge--dependence is probit onlydependence is probit only
–– Limited to 3 statesLimited to 3 states–– Limited to 3 statesLimited to 3 states
–– No random effect for multiple waves yetNo random effect for multiple waves yet



C t’dC t’dCont’dCont’d

Questions:Questions:
–– What is the best way to set radices???What is the best way to set radices???
–– How can cohort change be considered???How can cohort change be considered???How can cohort change be considered???How can cohort change be considered???
–– Proportional change in ALE (to TLE) only Proportional change in ALE (to TLE) only 

changes by 5%: how should this bechanges by 5%: how should this bechanges by 5%:  how should this be changes by 5%:  how should this be 
interpreted?interpreted?



F ll C t l M d lF ll C t l M d lFull Conceptual ModelFull Conceptual Model


