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A Key Challenge for  
Studying Midlife Mortality 

• Not many people die in midlife (40-64) 
• 2015 life table: 85% of Americans die at 

ages 65+ (82% in 1999; HMD) 
• MIDUS cohort (aged 25-74 in 1995-96): 

– 16% of SAQ sample died within ~18 years 
– Only 285 (<5%) deaths at ages 40-64 

• Need a HUGE sample to study midlife 
mortality at the individual-level. 
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Presentation Notes
Probably don’t need to spend much time on this slide (assuming that the point has already been made in earlier presentations that midlife mortality rates are still VERY low and the changes over time are miniscule).  



Sparse Literature on Midlife Mortality 
• Few individual-level studies focus on 

midlife mortality. 
• Predictors of midlife mortality not 

necessarily the same as the predictors of 
changes over time in midlife mortality. 

• Increases in “deaths of despair”:  difficult 
to study at individual-level because it is 
so rare (among the few deaths in midlife, 
<20% result from these causes). 

Presenter
Presentation Notes
Case & Deaton (2017, Brookings Report): Fig 1.1 indicates that all-cause death rate (per 100K) was about 500 for NH Whites aged 50-54 in 2015, while Fig 1.5 implies that death rate from deaths of despair for NH Whites aged 50-54 was around 85; thus, deaths  of despair comprised 17% of all deaths at those ages among NH Whites).
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Presentation Notes
Here is a simplified model highlighting some of the life course factors that may play a role in shaping midlife mortality.Max noted: I would add something about adverse childhood experiences to the early childhood and adolescent columns.  [Planning to talk about childhood SES as a fundamental cause in Slide #6.  Not going to try to add into this model the constellation of exposures and factors at are likely to be associated with Childhood SES (because I am not going to review that vast literature here, nor am I going to try to tackle those factors in the analyses presented here—leaving that for a later day).]



What is the evidence  
regarding life course predictors  

of midlife mortality? 



Childhood SES 
• Associated with mortality [Montez & Hayward, 2014; 

Chapman et al., 2009; Hayward & Gorman, 2004; Pudrovska & Anikputa, 2013; 
Galobardes et al. 2004] 

• Stronger effect in midlife? [Turrell et al., 2007] 

• Operates primarily via adult SES     
[Pudrovska & Anikputa, 2013; Montez & Hayward, 2014] 

– Not clear if also true for midlife mortality 
• Fundamental cause:  linked with cluster 

of associated exposures (e.g., adverse 
childhood experiences) & related factors  

Presenter
Presentation Notes
Childhood SES may retain an effect (on mortality in later life) net of adult SES, although most of the effect is mediated by adult SESEffect of adult SES may be even bigger than that of childhood SES [Montez & Hayward, 2014]



Employment/Career Trajectory 

• Aggregate (county-level) analyses 
– Economic opportunitylower mortality 

(esp. at working ages) [Venkataramani et al., 2016] 

– Economic mobility (county)smaller 
increases midlife mortality [O’Brien et al., 2017] 

• Individual-level factors associated with 
lower mortality in men [Hayward & Gorman, 2004] 

– Substantive complexity of job 
– Total family income 
– Net assets 



Marriage & Family Transitions 

• Compared with always single or formerly 
married, those who were consistently 
married  lower midlife mortality (among 
college students followed to age 62) [Siegler et al., 2013] 

• Men: Married/never married lower mortality 
than widowed/divorced [Hayward & Gorman, 2004] 

• Women: Mortality lowest for married with 
children later in life; highest for those with 
spells of single motherhood [Sabbath et al., 2015] 
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Presentation Notes
Last 35 years (1975-2010):  Education gap in marriage among women widened, more so for whites than blacks or Latinas [Montez et al., 2013]Important to note that although educ gap in marriage widened more for whites:Black women are still much less likely to marry (at any given level of education) AND The current educ gap in marriage is still MUCH wider in blacks than in whites (e.g., among women aged 25-64 in 2010, about 25% of NH Blacks with <HS educ were married vs. ~45% of college grads; in NH whites, the figures were 55% vs. 70%, respectively) [Montez et al., 2013].



Midlife Mortality Based on MIDUS 
• Completed SAQ in 1995-96 (n=6325) 

– Dropped missing data for age (n=2), vital 
status (n=7), or other predictors (n=1081) 

• Mortality follow-up through May 2013 
(mean=17.9, range=16.7-18.3 years) 

• Split exposure into age ranges: 
– Early (age 20-39): n=1794, 12 (<1%) died 
– Midlife (age 40-64): n=4701, 217 (<5%) died 
– Later (age 65-92): n=2222, 493 (22%) died 

• Cox model, age as “clock”, sex-adjusted 
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Here we focus on midlife vs. later life mortality.Too few deaths < age 40 to even analyzeEven if midlife, we are asking a lot of our data with only 217 deaths (over nearly 18 years)
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In the models I will show you, we focus on measures related to the factors shown in red (as well as the health mediators—a.k.a. penultimate outcomes).MIDUS has no information re:  labor force entry (other than age at first job)Limited info in MIDUS re: genetic factors and prenatal exposures?Max noted:  There has been quite a bit of work on the twin subsample in MIDUS (see especially some stuff by Johnson and Krueger).  Also, MIDUS 3 now has a genetics component.Limited information regarding career development/trajectory:  We are including SEI score for R’s current occupation with a dummy for not currently employed; we have current HH income, max unemployment spell (but those did not add much to the model and so we left them out because of high levels of missing data); we also have some subjective ratings of R’s work situation (which I will mention later).



Age is a Better Predictor of Mortality in 
Later Life than in Midlife  
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Note:  In terms of discrimination (AUC), 0.5 would represent random chance (coin toss), where 1.0 would be perfect prediction (i.e., everyone who died had a higher predicted probability of dying based on the model than those who survived).Of course, as everyone in the room probably already knows, age is (BY FAR) the best predictor of mortality [in a sample that varies in age].  It beats the hell out of telomere length! Furthermore, it may not surprise you to hear that age is a much better predictor of later life mortality than it is for midlife mortality.



Added Value of Sex and Race/Ethnicity 
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Here we show the incremental predictive ability (gain in the AUC) attributable to sex and race/ethnicity (net of age).Note:  The gain in AUC is strongly dependent on the strength of the baseline model.  So, the incremental value of any additional predictor is likely to be MUCH smaller for later life mortality compared with midlife mortality.Thus, it is not at all surprising that sex and race/ethnicity appear to have more predictive power (net of age) in midlife.



Added Value of Childhood SES 

0.011 

0.001 

0.5

0.6

0.7

0.8

0.9

1.0

Midlife (40-64) Later life (65-92)

D
is

cr
im

in
at

io
n 

(A
U

C
) 

Baseline Model (Age only) Sex & Race/Ethnicity
Childhood SES

Effect size per SD of Childhood SES (varies by age) 
HR=0.59 (at age 40) 
p~0.01 

HR=0.89 (at age 65) 
p~0.02 
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Now, we add childhood SES (based on an index of parents’ education, occupation, receipt of welfare, and R’s perception of the financial situation of his/her childhood family relative to other families).Childhood SES makes a non-negligible contribution to predicting midlife mortality (but does virtually nothing for later life mortality).In terms of the strength of the association between childhood SES and mortality (Hazard Ratio), it is stronger for midlife than later life.
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Added Value of Own Education 
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Then, we add the R’s own educational attainment at MIDUS 1 (some Rs as young as 20, education may not yet be complete)Offers only a small incremental improvement in discrimination (but bigger for midlife mortality).Again, the association between R’s own education and mortality is stronger in midlife:  Those with a graduate degree have 68% lower mortality rate in midlife than those who did not complete HS or GED.  In later life, mortality rate is 35% lower for the former compared with the latter.From the existing literature it is unclear whether childhood SES retains a lingering effect on midlife mortality net of adult SES.  Our own preliminary analyses based on MIDUS suggest that:Yes, childhood SES does have a lingering effect above & beyond adult SES (educ, HH income, NOWORK, & SEI) net of age, sex, & race/ethnicity.The effect of childhood SES on adult mortality is stronger at younger ages.Only part (16%?) of the effect of childhood SES at age 40 is mediated by adult SES.



Add Marriage, Parenthood, & Current Occupation 
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Presentation Notes
Measures related to marriage yield the most predictive ability; more so for midlife than later life mortality.Note:  Age at 1st marriage coded as categorical:  never married, < 20, 20-22, 23+ (sex interaction tested but N.S.)Included in model, but not shown (because gain was virtually nil):  Tested Age at 1st birth (no kids, <20, 20-23, 24+) and whether 1st birth marital or non-marital, but they did not yield ANY improvement in the AUC (and neither was significant or improved model fit)Tested sex interaction with age at 1st birth, but only marginally significant [not enough power?]NOT in these models:Also tested HH Income and maximum unemployment spell; neither was significant and were excluded from the model to minimize losses from missing data.



Added Value: Subjective Measures of 
Work and Financial Situation 

0.013 

0.002 

0.5

0.6

0.7

0.8

0.9

1.0

Midlife (40-64) Later life (65-92)

D
is

cr
im

in
at

io
n 

(A
U

C
) 

 

Subjective Work/Financial
Occupation
Marriage
Own Education
Childhood SES
Sex & Race/Ethnicity
Age only

Subjective Measures:  Rating of expected work situation 10 years in the future;  
 Perceived financial situation compared with parents at same age  
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Presentation Notes
Subjective perceptions of work (in the future) and financial situation (relative to parents at same age) much better predictors of midlife than later life mortality.Measures of perception of work situation (0-10 rating):  now, 10 years ago, and expected 10 years in the future.  Rating now and 10 years ago were not significant (dropped from model), but expected situation 10 years in the future was significant (over and above current SEI score).



Added Value: Mental Well-Being and  
Other Health-Related Measures 
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Mental Well-Being:  Purpose in life index; Negative affect index 
Other Health-Related Measures (self-reported):  Smoking status; overall health status; 
 physical limitations; diabetes; hypertension 

Presenter
Presentation Notes
Mental well-being also seems to be slightly more predictive for midlife compared with later life mortality.Also tested:  Positive affect index; rating of life satisfaction; overall psychological well-being index (of which Purpose in Life is a subscale); Social Well-being Index; CIDI-SF for MDDNone were significant; dropped them from the model.SAH is the single best predictor of mortality (net of age & sex) in both midlife and later life. Probably integrates a lot of information about mental and social well-being as well as physical health.  Not necessarily causal—just a very good warning signal.Tested BMI (self-reported):  N.S. & yielded virtually no improvement in AUCNet of everything else:  effect size for health measures biggest for Diabetes (esp. in midlife), current smoker, hypertension, and physical limitations (SAH N.S. for midlife net of everything else)We do a much better job of predicting later life than midlife mortality, but most of the discriminatory power comes from age. Life course factors (childhood SES, own educ, marriage, occupation/work/financial) have more predictive power for midlife compared with later life mortality (but that is partly because age is a weak predictor of midlife mortality).



Biomarkers: Predict Midlife Mortality? 
Notable predictive ability (ΔAUC>0.01)*: 
• C-Reactive protein 
• Homocysteine 
Poor discrimination (ΔAUC<0.01)*: 
• Body mass index 
• Waist circumference 
• Blood pressure (SBP, DBP) 
• Lipids (TC, HDL, ratio TC/HDL) 
• Leukocyte telomere length 

* Compared with age and sex only. 

Sources:  Goldman et al. (forthcoming); Glei et al. (2016) 

Presenter
Presentation Notes
Don’t have biomarkers at baseline for MIDUS cohort, but in our previous work using other datasets (NHANES for the US), we have looked at various biomarkers as predictors of mortality. Standard CVD risks factors are of little prognostic value (even for later life mortality!).  For mortality at ages 20-64:  Out of 30 predictors tested, markers of BP, lipids and obesity were the 7 worst predictors!Telomere length:  Little better than a coin toss.Obesity (BMI, waist) measured at NHANES survey weak predictor of mortality in subsequent 5 years.  Could be that obesity at a younger age is a better predictor.  In MIDUS, we have self-reported measures of weight at age 21 (as well as current weight and weight 10 years prior to M1).  BMI at age 21 appears to be a better predictor of mortality than current or 10 years ago, but none of them make a notable contribution.BUT, I think there is lots of evidence that even if obesity does not kill a person, it is costly in terms of morbidity and related health care.



What Can be Done with MIDUS? 
Advantages 
• Extensive measures of: 

– Childhood adversity 
– Psychological health 
– Personality traits 
– Hardship related to 

Great Depression 
• Cohort aged 25-74 (in 

~1995)  
• 18+ years of follow-up 
• Refresher cohort (aged 

25-74 in ~2013) 

Disadvantages 
• Limited power 
• Few minorities 
• Sparse information 

about labor force entry 
& career development 

• Geocoding? 
• ≈10 years between 

follow-up waves 
• Retrospective info 

regarding childhood 

Presenter
Presentation Notes
MIDUS collects information about a constellation of exposures that are likely to be associated with childhood SES:Family structure (both bio parents, single parent, disrupted by parent death/divorce/separation);Parent’s nativity/language; Other adversity during childhood:  child abuse, parental affection, parental discipline, parents unemployed, parent drug/alcohol problems, juvenile deliquency. urban vs. rural childhood home, # times moved during childhood, R's physical and mental health at age 16, Parental health status when R was 16Refresher cohort added in 2011-14 (national sample, same age range as original 1995-96 cohort):  It is not helpful for current mortality analyses, but it will provide a useful opportunity down the road to test for period/cohort effects (possibly linked to the Recession), not only in mortality but pathways to it.



Other Datasets 

• HRS:  Sample limited to age 50+ 
• WLS:  Only HS graduates, represents 

Wisconsin only, cohort now aged ~78 
• NLSY79:  Cohort now aged 53-60; first 

interviewed in young adulthood 
– No mortality follow-up (yet); may add it? 

• National Longitudinal Mortality Study 
(NLMS):  State and urban/rural/SMSA 
identifiers, but limited information 
regarding life course history? 

Presenter
Presentation Notes
Deborah Carr suggests NLSY79 for life course predictors of midlife mortality.  Although they do not currently have mortality follow-up, she says they are talking about adding it.  Could be a worthwhile investment for the purposes of studying midlife mortality.  



Funding 
This work was supported by: 
• NIA [P01 AG020166]; 
• NICHD [P2CHD047879];  
• NIH General Clinical Research Centers Program 

[M01-RR023942, M01-RR00865];  
• NIH National Center for Advancing Translational 

Sciences [UL1TR000427]; and 
• Graduate School of Arts and Sciences, 

Georgetown University. 
 

 

Presenter
Presentation Notes
Let me close by thanking our funders. 



EXTRA SLIDES 



What kinds of policy 
interventions might be effective 

for addressing life-course 
effects on midlife mortality? 



Intervene At What Point in Life? 
• Evidence of irreversible damage? 

– Need to intervene in early childhood? 
• Target in young adulthood?   

– But early enough to influence trajectory of 
education  labor force entry 

– Case & Deaton (2017):  Labor market entry 
as the trigger  marriage prospects, etc. 

Labor 
 Market 

Opportunities 

Marriage  
vs.  

Cohabitation 

Marital vs. 
Non-marital  
Parenthood 

Educational  
Attainment 



Symptoms versus Causes 
• Opioid epidemic:   Cause or symptom?   

– Need to get at the root causes; may require 
more than cutting off the supply of opioids 

• Macro-level influences, educational &  labor market 
opportunities, etc. 

• Prognosis identifies those at high risk 
– BUT, does not tell you what are the causal, 

modifiable factors (selection vs. causation) 
• Identifying the vulnerable (or resilient) 

pathways:  necessary starting place? 



Critical research gaps in our 
understanding of life course 

predictors of midlife mortality 
and possible interventions? 



Future Research 
• Specific pathways leading to high risk of 

midlife mortality?  
– Which social chains are highest risk?  
– Constellation of factors related to low SES 

that really matter? 
– AND pathways to resilience? 

• Additive models may not be adequate 
– Clustering of exposures and interactions 

between them 
• Why is the U.S. different? (comparative) 
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Presentation Notes
Literature often examines elements of early life adversity one factor at a time, but it could be particular combinations that are driving the effects.  Additive vs. Multiplicative; Mediating vs. Moderating effects.Need different modeling approaches?  Comparative research:  Other countries subject to the effects of globalization, so why are less-educated Americans hit so much harder than those in other high-income countries?Lethal combination of Labor Market Opportunities X Social/Cultural Mileau (Individualistic, value self-reliance & self-made success, belief that hard work can achieve the American Dream) X Institutional (lack of safety nets, public support for families)???Comment from Carol Ryff:  Actually of late (through family deaths) I have been struck by the profound inadequacy of cause of death data – it is largely a biomedical enterprise that neglects powerful forces (depression, anomie, lack of purpose, lack of opportunity) that are centrally involved in a person’s path to mortality.  In that regard, I’m wondering whether the meeting you are attending will include input from psychologists who study the emotional end of despair.  Leaving that out seems a notable omission to me.



Parting Thoughts 
• Midlife mortality: Just the tip of the iceberg? 

– High levels of “despair” in US (misery that 
doesn’t end in death)? 

– More power to study health than mortality 
– Broader view of disparities in well-being 

• Need to consider differences in both levels 
(at a given time) and change (over time) 
− Mortality improved more for blacks than for 

whites, but blacks still have higher mortality! 
• Numerator-denominator bias in calculation 

of mortality rates by ethnicity? 
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Presentation Notes
Seemed like a strange coincidence to me that Case-Deaton (2015) extracted population estimates by ethnicity from the American Community Surveys for the period since 2000 and from the CPS for years prior to 2000, and strangely enough the trend they show in Fig 1 for mortality rates among US NH whites aged 45-54 seems to reverse course right around 2000 (declining from 1990 to late 1990s, then starting to increase from around 2000 to 2005)? Numerator:  Death counts come from individual death records…who identified the ethnicity of the decedents?  Next of kin?Denominator:  Based on self-reported ethnicity in surveys?  But, reports of ethnicity vary depending on how the questions are asked.  If there is an inconsistency between the definitions of ethnicity in the numerator and denominator, and the population of Latinos is growing over time, couldn’t that produce some trends in the rates by ethnicity that are simply a statistical artifact? Magali Barbieri (HMD) notes that, “there are indeed lots of methodological problems (largely in terms of racial classification). NCHS has used some adjustment factors to construct the black and hispanic life table series that they published (very recently for the hispanics), using discrepancies in race in surveys with mortality follow-up (i.e., comparing the race declared in the survey and the race declared on the death certificate for the same people).”Funding for HMD to construct life tables by race/ethnicity?  (and attempt to carefully assess problems of inconsistencies in the definition of ethnicity)?  



Mortality Among the MIDUS Cohort: 
Effect of Predictor Varies by Age? 

• Stronger association at younger ages for: 
– Race/ethnicity 
– Childhood socioeconomic status* 
– Own Education 
– Age at first marriage (or never married) 
– Age at first birth (or childless) 
– Psych well-being subscale:  Purpose in Life 
– Overall self-assessed health status 

– Self-reported physical limitations 
– Self-reported hypertension† 

– Self-reported diabetes* 
* Also within midlife  † Also within later life mortality 

Presenter
Presentation Notes
Here we note evidence of non-PH when modeling mortality across all ages observed in MIDUS (20-93)When we split exposure into age groups and model mortality within a given age group, most of the age interactions are no longer significant.  Midlife mortality (mortality between ages 40 and 65)--non-PH remain significant only for childhood SES and diabetesLater life mortality (b/w ages 65 and 93)--non-PH significant only for SAH, high BP, and Diabetes (but only high BP remains significant net of other covariates).A few other variables appear to have “significant” non-PH within an age group, but the coefficients blow up (probably too few observations in our sample to really estimate it—so we do not include those interactions that are probably driven by a few outliers).



What theories might explain 
these patterns? 



Life Course Theories 

• Critical (Sensitive) Period 
–  Biological imprinting; irreversible damage  

• Accumulation of Risks 
– Additive and/or interactive effects 

• Pathway Model 
– Early life shapes life-course trajectory 

• Social Mobility Model 
– Circumstances later in life modify effects of 

early life exposures/factors 
 Sources:  Pudrovska & Anikputa (2013) 
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Presentation Notes
Critical Period:  The evidence shows little support for the hypothesis of irreversible damage associated with childhood SES in general (most of the effect of childhood SES operates via adult SES & lifestyle factors)Accumulation of Risks:  again, evidence doesn’t seem to support it; appears that adult SES can override childhood SES.Pathway Model:  evidence seems consistent with this model; "...early life circumstances initiate 'social chains of risk'” (Warner & Hayward, 2006; citing Kuh et al. 1997) “once an individual encounters an adversity, s/he has a higher chance of encountering additional adversities (Ben-Shlomo & Kuh, 2002; Rutter, 1989; cited in Lee et al., 2017, Oxford chapter);Case & Deaton (2017) see entry into the labor force (worsening opporunities over time) as the trigger.Social Mobility:  Evidence also seems consistent with this idea (adult SES can moderate effects of childhood SES; effects of childhood adversity may be reversible).
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