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Motivation

Motivation

o Differences in health and life expectancy across educational
groups are striking and pervasive (Meara et al., 2008)

High educated individuals are less frequently admitted to
hospital for cardiovascular diseases and leave faster

Impact of education on Mortality (rate) and influence of
(CVD) hospitalization.

Education attainment, hospitalization and mortality may all
depend on the same observed and unobserved individual
factors

@ Account for both the selection into (CVD) hospitalization

and, for the selection into education. N ‘[FVD;I



Motivation

Association education and hospitalization

@ Recent research has shown that education influences both
entry and discharge from hospitals (Behrman et al., 2011,
Bijwaard and van Kippersluis, 2016).

@ High educated may enter hospital earlier for given health
conditions (income, knowledge)

@ High educated may have better health behaviour, leading to
less hospitalization

@ Timing of CVD hospitalization by education differs due to
(un)observed factors



Motivation

Selective education and mortality

@ Lower Education is associated with higher mortality

@ However, recent results suggest that causal effect of education
on health and mortality is small or even absent (see e.g.
Mazumder, 2008, Clark and Royer, 2013, Meghir et al., 2018,
Bijwaard et al., 2017, 2019, Bijwaard and Jones, 2019)

@ Education, hospitalization and mortality may all depend on
observed and unobserved individual factors

@ Hospitalization is endogenous (selective) in mortality analysis

e Education is endogenous (selective) in mortality analysis
(Bijwaard et al., 2015a,b, Bijwaard and Jones, 2019)
s



Motivation

Our contribution

Difference in survival by education level :
importance of CVD hospitalization

@ accounting for selective timing of hospitalization (both
admittance and discharge): Timing-of-events model

@ accounting for selection into education
Inverse propensity Weighting (IPW)

@ educational gain (total, direct en indirect effect) on years lived

@ Extend to cause-of-death analysis.



Swedish Military Conscription Data

Examinations for military service men born 1951-1960: 446,545
individuals.

@ Detailed info on individual demographic and socioeconomic
characteristics, including parental SES and parental education,
IQ test and psychological assessment

@ CVD hospitalization:
timing (day specific) of admittance and discharge 1964-2012

@ Own Education classified in 5 levels:
primary education, Secondary education (2 years), Full
Secondary education (3 years), post-secondary and Higher
education

@ Mortality by cause of death, till end 2012. N n[ 1),11



Descriptive statistics

prim  Sec (2yr) Full Sec post Sec Higher
% with hospitalization ~ 18.2% 16.4% 14.9% 13.6% 11.7%

# of days in hospital 7.3 5.9 4.9 4.0 3.1
% died

without hospitalization ~ 9.1% 5.0% 3.7% 25%  2.2%
% died

with hospitalization 14.4% 11.4% 9.5% 7.0% 6.1%




Kaplan-Meier mortality survival curves by education level
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hospitalization survival curves by education level
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Methodology

Effect of CVD hospitalization on mortality by education
e Estimate mortality hazard (Gompertz mortality)
@ Including education levels

@ Indicator CVD in hospital and hospital experience

@ Allow hospital effect to depend on education
i.e. include interaction with education



Timing of Events model

© Hospitalization process potentially endogenous to mortality
Those who are more likely to enter hospital may be also more
prone to die (correlation of (un)observed characteristics)

@ Education is potentially endogenous to both hospitalization
and mortality
Observed (parental background, intelligence) and unobserved
factors that influence educational attainment, may also
influence hospitalization and/or mortality

Use Timing-of-events (ToE) methodology (Abbring and van den
Berg, 2003) to disentangle selection effect and causal effect of

hospitalization on mortality —
N l[ DA



Timing of Events model: equations

Hospitalization process:

On(tlx,v) = vppo(t)exp (X/B)’(' + eﬁg) First — hospitalization
0q(d" 1X,vd) = vgAdo(d)exp (Xﬁff + e[v’é’) discharge
0:(d"|x,v/) = viAro(d) exp(xﬁ)’( - eﬁé) re — admittance,

mortality hazard:
Om(t|th, ta, try X, €, Vm) = VmAmo(t) X
exp (XBT + €67 + 1°(2) (yn + edn) + 1°(6) (0 + €60) ).
with /"(t) = 1 if the individual in hospital, and /°(t) = 1 if the

individual has hospital experience. N ,[ D1
NB allow vp, vd, vy and v to be correlated.



Inverse probability weighting (IPW)

The timing-of-events method still fails to correct for possible
endogeneity of the education.

Account for the probability to choose education level e =1,....,5
sequential probit (Cameron and Heckman, 2001):

Pr(E = ¢|X) = ®(~£e1X) <9 T] (¢x)

1<j<e

@ Generalized Propensity score and IPW:
@ weighting the outcome of by 1/ Pr(E = e|X)
Use IPW for the timing-of-events models.



d ratios
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Hazard ratios in hospital by education
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Hazard ratios hospltal experience education
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Implied Educational gain

Counterfactual simulations to assess the educational gain:

Let Y(e1, &) be the simulated average outcome for men with a mortality
rate given education level e; and hospitalization hazards given education
level ey, then the educational gain for improving education from e to
e+1is:

G(e,e+1) Y(e+1l,e+1)— Y(ee)

= [Y(e+ l,e+1)—Y(e,e+ l)} + [Y(e, e+1)—Y(ee)
with the direct effect, the educational gain not running through CVD
hospitalization, in the first term in brackets and the indirect effect, the

educational gain running through changes in CVD hospitalization, in the
second term in brackets.



Implied Educational gain 18-63

Improved Education level

(2) (3) (4) (5)
survival probability till age 63

Total effect 0.055**  0.031** 0.030** 0.019**
(0.007) (0.007) (0.007) (0.007)

Direct effect 0.049**  0.017+ 0.026**  0.005
(0.007) (0.007) (0.007) (0.007)
Indirect effect | 0.005  0.014**  0.004  0.013**
(0.007) (0.005) (0.005) (0.005)

months lost 18—63

Total effect 9.08**  4.33**  4.00** 2.02F
(1.19) (0.98) (0.97) (0.89)

Direct effect 8.53** 2.757 3.56%* 0.74
(1.14)  (1.08)  (1.04)  (0.89)

Indirect effect 0.54 1.58 0.43 1.27
(1.02) (0.86) (0.80) (0.78)

(2) primary education to Some Secondary education; (3) Some Secondary education to Full secondary education; N l[ Dl

(4) Full secondary education to Post-secondary education; (5) Post-secondary education to University or PhD.



of death

@ Education is negatively associated with most major causes of
death (Bijwaard et al., 2017, 2019)

@ Expect excess mortality due to CVD hospitalization:
Ischemic Heart Disease (IHD), stroke and other CVD deaths

@ Also investigate impact of CVD hospitalization on:
other natural causes and external causes of death.

@ Educational differences in cause-specific mortality and the role
of CVD hospitalization.



Cause of death: Ischemic Heart Disease
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Cause of death: External causes
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Model for cause-specific mortality

@ Extend the timing-of-events model to cause-specific mortality,
with 5 mortality hazards, one for each cause of death.

@ The unobserved heterogeneity of each cause-specific hazard is
possibly correlated with the hospitalization hazards and with
the other cause-specific hazards: Timing-of-events .

@ Just as for the analysis of total mortality we account for
possible endogeneity of education by using an inverse
propensity weighting



Cause of death Hazard ratios y education
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Cause of death Hazard ratios in hospital by education
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Cause of death Hazard ratios hospital experience education
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Gain in months lost (total effect) of education by

cause-of-death
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Gain in months lost (direct effect) of education by

cause-of-death
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Gain in months lost (indirect effect) of education by

cause-of-death

Odds ratio mortality
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Discussion

Summary: hospitalization, education and mortality

@ Use Timing-of-events model with IPW to account for
endogeneity of CVD hospitalization and education

e Education reduces mortality (especially due to external causes)

@ Mortality is higher for those in hospital and for those who
have experienced hospitalization

@ Hospitalization impact on mortality is higher for low educated:
CVD mortality, but also, afterwards, other natural causes

@ Improving education would lead 2 to 9 months longer expected
life (1) mostly through direct education effect, except for high
educated; (2) mostly other natural and external causes

@ Check reverse causation |IQ, doubly robustness and sensitivity

to unconfoundedness =
N l[ D1



Discussion

Discussion

Limitations
@ Only men
@ Sample relatively young (max age 63)

@ Men with severe mental illness were exempted from the
military examination

@ Reverse causality of early childhood health affecting
educational attainment
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