
Income Mobility, Income Inequality and Mortality in the U.S.

Sebastian Daza

Center for Demography and Ecology
University of Wisconsin-Madison

sdaza@ssc.wisc.edu

Alberto Palloni

Center for Demography and Health of Aging
University of Wisconsin-Madison

palloni@ssc.wisc.edu

November 11, 2018

∗Preliminary draft. The research on which this paper is based was supported by the National Institute on Aging via research
project grants (R01 AG016209 [PREHCO], R03 AG015673, R01 AG018016, and MERIT award R37 AG025216), and by a Fogarty
International Center award for Global Research Training in Population Health (D43 TW001586). The University of Wisconsin-
Madison researchers are supported by core grants to the Center for Demography and Ecology, University of Wisconsin (R24
HD047873) and to the Center for Demography of Health and Aging, University of Wisconsin (P30 AG017266).

sdaza@ssc.wisc.edu
palloni@ssc.wisc.edu


Abstract

We assess the magnitude of the association between intergenerational income mobility and US adult mor-
tality by gender, age group, race/ethnicity and the causes of death. We use a data set from The Health
Inequality Project and CDC mortality data at the county level. We find that under different model specifica-
tions the association between income mobility and adult mortality is strong, properly signed, and consistent
with our hypotheses. If the association we find reflects a causal effect it would translate into shifts in life
expectancy at age 40 of as much as 2.0-4.8 years among males and 0.1-2.0 among females, equivalent to
5.1-12.5 and 0.2-4.7 percent of the U.S. male and female life expectancy at age 40 respectively. On average,
these effects are 1.5 to 2.5 times as large as those of income inequality and represent between 40 (males)
and 25 (females) percent of the magnitude of an income shift from the lowest to the highest quartile of the
U.S. income distribution. to the highest quartile of the U.S. income distribution.



1 Introduction

Over the last ten years or so, there has been a steady increase of empirical evidence documenting large
gaps in life expectancy at birth by geography in the US (state, counties), (Murray et al. 2006; Ezzati et al.
2008). These contrasts are not accounted for by differences in access to medical care, places’ infrastructure
or community characteristics, ethnic composition or, surprisingly, places’ income (National Academy of
Sciences 2015). This is remarkable in view of the fact that recent research shows that there are massive
contrasts in adult mortality by income across US counties. In fact, the best performing counties in the U.S.
have levels of life expectancy that are 20 years larger than the poorest performer. Moreover, there are
indications that these disparities are expanding over time as the difference in life expectancy (at age 40)
between the richest and poorest quartiles of the income distribution of US counties grew from 9 years to
about 11 among men and from 5.2 years to 6.6 years among women (Chetty et al. 2016). These gaps are
non-trivial and represent 25% of life expectancy at age 40 among men and 13% among women. Based on
this evidence it would have been reasonable to expect that most, if not all, US geographic disparities vanish
after accounting for place’s income. But that’s not the case. Evidently, other things matter as much or more.

Steady or growing disparities in longevity by geography and by markers such as education and income
present a unique challenge. They are odds with expectations about the role and influence of modern medicine
and health care as well as with universally accepted norms of fairness. This may explain the large amount of
research dedicated to find root causes of these disparities and to translate such knowledge into interventions
directed at reducing them. An important part of this effort has been allocated to understanding the role of
a place’s income inequality. There is a large body of literature that documents the existence of a positive
association between levels of aggregate income inequality and poor health and mortality, particularly among
individuals in the upper and lower part of the income distributions for countries, small areas, and individuals
(Pickett and Wilkinson 2015; Subramanian and Kawachi 2004; Wagstaff and van Doorslaer 2000; Wilkin-
son and Pickett 2006, 2010; Kawachi et al. 1997; Wilkinson 1992; Daly and Wilson 2013; Wilkinson and
Pickett 2009). Emphasis on the potential role of income inequality has been buttressed by recent evidence
documenting a steady increase in the US income inequality (Piketty and Saez 2003), a fact that makes plau-
sible the idea that recent increases in mortality disparities by geography could indeed be partially rooted in
income inequality.

In this paper, we suggest that an understudied factor, income mobility, could also play a significant role.
We argue that communities with low income mobility may host conditions that diminish opportunities for
individuals’ advancement and lifetime achievement, discourage forward looking strategies and careful plan-
ning, and weaken individuals’ motivation to adhere to behaviors that minimize accumulation of exposure to
health risks and could contribute to excess mortality across a broad spectrum of ages and causes of death.
Although both income inequality and income mobility are aggregate dimensions of a stratification system,
they are quite distinct and should have different implications and impacts. Individuals in communities char-
acterized by comparable levels of income and income inequality but faced with opposite lifetime income
mobility prospects may be exposed during formative years to different learning experiences, preferences,
and behavioral strategies that ultimately shape health behaviors and lifelong exposure to health risks.

While the association between income inequality and health has been studied as part of a 20-year old
literature, recent work suggests that its contribution to the explanation of disparities in longevity may be quite
small (Palloni et al. 2016; Murray et al. 2006; Ezzati et al. 2008). In contrast, the health consequences of
income mobility have been rarely studied, a surprising fact in light of growing empirical evidence of a long-
term decline in intergenerational social and income mobility in the US among the birth cohorts currently
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experiencing increased mortality disparities (Chetty et al. 2017; Hout et al. 1993; Hout 1988, 1984). This
research landscape is changing and in a series of very recent papers, a group of researchers began exploring
the association between a place’s income mobility and health behaviors, self-reported health and mortality.
(Venkataramani et al. 2015, 2016; Palloni et al. 2016).

The goal of this paper is to extend this emerging area of study. First, we propose, but are not able to
rigurously test for, pathways through which income mobility may influence individuals’ health and mortality.
These pathways are distinct from, albeit related to, those associated with income and income inequality,
operate independently of these, greatly overlap with pathways that enhance adult labor market success, and
could potentially have powerful impacts on health and mortality disparities across socioeconomic and race
groups.Second, we test selected, well-defined but inevitably narrow hypotheses about expected patterns of
association between income mobility and adult mortality. Third, we compare the magnitude of associations
between income mobility and mortality and income inequality and mortality. Fourth, we estimate age,
race/ethnic, and cause-of-death specific patterns of associations. Fifth, we compute potential losses/gains of
years of adult life resulting from shifts in aggregate income mobility.

Our results suggest that places with higher levels of income mobility also experience lower adult mor-
tality risks and that these impacts are larger than those attributable to a place’s income inequality. The age
pattern of effects contains a peak in young to middle adulthood and becomes attenuated at very old ages.The
association is similar for males and females but stronger among African American population. Finally,
we find that the excess mortality associated with lower income mobility is mainly due to the influence of
communicable diseases, accidents and injuries.

We argue that communities with high income mobility share characteristics that help individuals and
families manage resources available to them, improve resilience to adverse conditions and, ultimately, re-
duce individual exposure to health risks, irrespective of a community’s income level and income inequality.
We hasten to add that, like other recent findings, ours are all about associations, do not prove causality and
could be accounted for a number of alternative interpretations regarding the mechanisms that produce them.1

2 The relation between aggregate income mobility and mortality

We begin with a disclaimer about what our goal is not. Although relevant, we do not study the effect of
individuals’ income mobility on their own health and mortality risks. There is a large and distinguished
body of research in epidemiology on the relations between individuals’ lifetime mobility and their adult
mortality (Chandola et al. 2003; Illsley 1955; Fox et al. 1982; Blane et al. 1999, 1993). The bulk of this
literature is concerned with the long run impact of early occupational (career) shifts or the short run effects
of late occupational (career) shifts. This work is based on empirical research that focuses on patterns of
relationships between individuals occupation (or SES status broadly conceived) at an early point in their
adult life and subsequent older adult health and mortality. In contrast, our goal is to clarify the relation
between a place’s income mobility regime and individual mortality. Much as is the case for the study of
income inequality and health and mortality, our focus is on the association between an aggregate property
of the stratification system and individual experiences. It is, of course, possible that individuals’ experiences
of occupation or SES mobility are also influenced by the prevailing regime of income mobility. Indeed, these

1Throughout the paper we use the term effects to refer to the magnitude and sign of standardized or non-standardized regression
coefficients measuring the strength of the relation between two variables and do not presume the existence of a proven causal
relationship.
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experiences may be one of many other pathways through which aggregate income mobility and individual
mortality are related. In this paper we are interested in the total effects of places’ income mobility on
individual health and mortality and are not concerned with the precise empirical identification of mediating
pathways (see below).

An association between income mobility and mortality could exist if communities with higher income
mobility host social and economic environments that reduce mortality risks relative to communities with
lower income mobility, independently of effects of income levels and income inequality. Individuals and
groups who occupy the most vulnerable and exposed social positions within unequal communities may be
comparatively better off when they face advantageous income mobility prospects than when they do not. Just
as individuals who command lower incomes in communities with more equitable income distributions may
experience better health than individuals with similar incomes in societies with higher income inequality,
so too could individuals and groups that occupy lower ranked positions in societies with higher income
mobility enjoy better health than counterparts in societies with more rigid stratification systems. In theory,
communities could be classified in one of the four cells in Table 1. Each cell in the table is characterized
by a health and mortality profile. In view of the moderate-to-strong relation between income inequality and
income mobility (Palloni et al. 2016) we take it for granted that the frequency of observations is non-zero
in all cells and that communities simultaneously characterized by unequal income distribution and flexible
mobility regimes or by generous income distributions and high levels of social rigidity, are observable. The
standard conjecture is that indicators of mortality and health will be more beneficial in communities with
less inequality (B and D) than in those with high inequality (A and C). The new conjecture is that at a
given level of income inequality, better health and mortality conditions will be experienced by members of
communities with higher income mobility, A versus C, on one hand, and B versus D, on the other.

2.1 Mechanisms

We identify four pathways linking income mobility and mortality that seem highly plausible even though the
empirical evidence assembled here is too coarse and can neither confirm their operation nor help us establish
their importance relative to other, equally plausible ones.

2.1.1 Individual mobility experiences and adult health and mortality

As stated above an association between aggregate income mobility and individual health and mortality may
be the outcome of a composition effect, namely, places with higher income mobility contain a popula-
tion composition biased toward individuals who experience mobility (and their health and mortality con-
sequences). In this case, the association between the aggregate property of the stratification system and
individual experiences of health and mortality reflects the influence of individual mobility patterns (and
associated selection processes).

2.1.2 Individual early experiences

A large body of literature on health and mortality disparities demonstrates that SES (income, education),
health and mortality gradients are pervasive, persistent and, as of recent, increasing everywhere in high-
income countries (Mackenbach 2012; Meara et al. 2008). Further, there is evidence that early conditions and
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upbringing of individuals matter greatly for adult health and mortality disparities (Palloni et al. 2009; Case
et al. 2002). Thus, some of the health differentials between men in low and high ranking positions initially
attributable to chronic stress among those in subordinate positions (Marmot 2004; Sapolsky 2005) may be
rooted in antecedent health conditions sculpted early in life (Case and Paxson 2011). If early conditions are
influential for SES health and mortality disparities, they may also be influential as vehicles that establish
relations between income inequality, income mobility, and adult health and mortality.

During early stages of socialization individuals experience sensitive and critical windows for the acqui-
sition of cognitive and non-cognitive abilities that are the foundation of skills acquired later in life (Knudsen
et al. 2006; Shonkoff et al. 2009; Heckman 2007; Cunha and Heckman 2009). Some of these traits in-
volve the development of outlooks and attitudes that influence investments in skill acquisition and health,
including propensities to adhere health-related behaviors. Thus, behaviors critically associated with modern
chronic illnesses, such as smoking uptake and desistance, alcohol consumption, substance abuse, choices of
diet and physical activity, are in part determined by capabilities sculpted early in life. Early avoidance of
unhealthy behaviors has large payoffs in adulthood because these behaviors are closely related and reinforce
each other, the physiological and psychological damage they produce are accumulated over time, and they
all are strongly non-reversible. Early adoption of healthy behaviors is facilitated by socialization that em-
phasizes robust future outlooks, self-confidence, and self-reliance, beliefs in the neutrality and fairness of
social reward allocation systems, hopefulness and optimism, and incentives to succeed. These are all traits
that reduce time discounting so that the addition of one year of healthy life in the future of an individual is
endowed with significant rewards and returns (Grossman 2000, 1972).

We know from empirical research that negative affect, chronic stress, subordination, bleak future out-
looks associated with poverty lead to increases in time discounting (Haushofer and Fehr 2014). Higher
time preferences favors resistance to the adoption of behaviors that may yield immediate rewards but are
health-damaging and discourage those that have a more distant and elusive pay-off but are health-preserving
(Schlam et al. 2013; Eigsti et al. 2006).

We note that this mechanism alludes to influences that shape environments during critical stages of
individuals’ upbringing. The conjecture is that a places’ income mobility regime is powerful enough to
shape those environments. But so is an individual’s ancestral income mobility experiences, particularly
parental and possibly grand parental mobility. Strictly speaking these are two very different mechanisms
that can be properly identified only if we simultaneously observe both the influences of a place’s aggregate
income mobility and individuals familial income mobility experiences.

2.1.3 Community endowments

Communities with low-income mobility may distort opportunities and incentives, reinforce unequal alloca-
tion of favorable traits, undervalue public institutions that contribute to the formation of skills with a high
wage premium and, many of them, support non-meritocratic reward allocation strategies. These community
properties directly influence the suite of opportunities available to individuals and shapes the way parents
socialize children and favor (discourage) the adoption of positive outlooks and the value of skill acquisi-
tion. Rigid or weak income mobility fosters individual hopelessness, despair, mistrust, disbelief in a level
playing field for all, weaken aspirations and, more generally, diminish the value of adoption of attitudes and
behaviors that promote good health.
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2.2 Hypotheses

The arguments above lead to some testable hypotheses:

1. If any of the mechanisms identified above operate at all, one would expect that the association between
a place’s income mobility to which individuals are exposed early in life and their health and mortality
as adults should be stronger in stages of the life cycle that reflect the impact of health relevant traits,
for instance, during early adulthood and at older adult ages. In particular, we expect that exposure
during formative years (between ages 5 and 20) to a particular income mobility regime will have
stronger effects on mortality in age groups 15-49 and then after age 60.

2. Causes of deaths contributing to excess mortality among individuals in low income mobility places
should be associated with traits, preferences and behaviors that are sculpted early in life. Thus, for
example, income mobility should have a larger impact on mortality due to chronic illnesses associated
with smoking and diet among older adults and those associated with alcohol and drug use among
younger adults, including outcomes such as suicides, homicides and other forms of violence.

3. Deleterious effects of a rigid income mobility regime should be stronger among individuals who oc-
cupy low to low-middle income ranks than among those located in more favorable positions in the
income ranking. Similarly, the effects should be larger among African Americans and other mi-
norities that have been traditionally discriminated against and have access to a much-reduced set of
opportunities relative to other groups in the population.

4. Gender differences should be muted if men and women are subject to similar expectations regarding
social and economic accession. In contrast, in communities where families expect less from their
daughters than from their sons and, more generally, whenever investments in sons exceed those in
daughters, there should be stronger effects of a place income mobility among males than among
females. 2

5. Income mobility effects must be stronger in places with higher income inequality, that is in places
where the health costs of income rigidity, particularly among those in the lower income ranks, are
higher.

6. Just as different regimes of income inequality may have their own repertoire of effects on health
and mortality, different income mobility regimes have diverse health and mortality implications. For
instance, inequality due to growth of the share of income in the top one percent of the income distri-
bution has consequences that are quite different from inequality produced by increases in the share
of the population in the lower income rank (Piketty and Saez 2003). By the same token, income mo-
bility regimes where the bulk of mobility is restricted to positions in the middle to upper part of the
income distribution will have different repercussions than those in regimes where income mobility is
concentrated among those in the low and middle-income ranks.

In what follows, we examine the first five hypotheses. Empirical test of the last one requires richer
information on mobility matrices than is currently available to us and is left for further research.

2In the absence of suitable measures of gender preference or standards regarding gender’s investment differentials, this hypoth-
esis can only be crudely assessed.
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3 Data

We use a large data set that results from merging of two separate data bases. The first is the Health Inequality
Project Data (HIPD) created by Chetty and colleagues (Chetty et al. 2016) that contains information on
income from tax records for the period 1999 and 2014 by US counties and commuting zones. A total of
1.4 billion tax records were used and linked to Social Security Administration records. The HIPD include
statistics of the income distributions and two indicators of income mobility derived from measures of the
association between incomes of children born between 1971 and 1993 and their parents’ income. We use
the index of relative mobility (IRM), rank-rank slope, or the correlation between a child’s income rank in
her birth cohort income distribution and parents’ income rank in their parents’ income distribution.3 The
relative income mobility measure ranges between -1 and 1, and larger values correspond to lower income
mobility (higher rank-rank correlation between parents’ and child’s income).

We estimate our models using absolute upward mobility score or “the mean rank (in the national income
distribution) of children whose parents are at the 25th percentile of the national parent income distribution”
(Chetty et al. 2014, p. 7).4 Absolute upward income mobility ranges from 0 to 1, and higher values corre-
spond to large income mobility. To facilitate interpretation we multiply the upward mobility score by -1 so
that the meaning and expected association of relative and absolute income mobility with mortality are the
same (i.e., increases in income mobility and inequality is expected to rise mortality risk and viceversa). The
results using absolute mobility are shown in the Methodological Supplement and they are similar to the ones
using relative income mobility.5 Finally, we use the Gini Index (GI) as an indicator of income inequality.6

The second data base is the CDC mortality statistics by age and causes of death for U.S. counties during
the period 2000-20147. This includes detailed mortality statistics (death and population counts by age and
cause of death) for periods of time that better match the period of reference of the income mobility indicator
in the HIPD. We compute mortality rates by five year age groups starting at age 0. This ensures close cor-
respondence to the observed income mobility experiences and minimizes the influence of systematic biases
(see below). In addition, we are able to compute mortality by causes of deaths and thus test conjectures
about patterns of effects of income mobility.

After merging the two data bases, we are able to include a total of 2867 counties, about 91% of all coun-
ties in 2000 (see Figure S1 in Methodological Supplement). We build different data modules tailored to the
particular hypothesis we examine. Our more general model and analysis requires death counts aggregated
by county and age group (51,606 records). We then add more complexity by disaggregating the data by
race/ethnic group and cause of death (about 200,000 records).

Despite its richness, our data set has shortcomings. The most important one is the potential dislocation
between exposure to an income mobility regime during formative years and mortality experiences. The CDC

3Rank-rank slopes have proved to be quite robust across specifications and highly suitable for comparisons across areas (Chetty
et al. 2014). Canonical measures of relative mobility, such as inter-generational income elasticity (of child income with respect to
parents’ income) tend to be more sensitive to changes in inequality across generations.

4Although at the national level both the relative and absolute measure of mobility provide similar information, when studying
small areas a child’s rank in the national income distribution would be an absolute outcome because income in a given areas have
little impact on the national distribution. We use a permanent-resident version of income mobility measures, that is, parents who
stay in the same counties between 1996-2012. Note that children who grow up in a county may have moved out as adults.

5This is not surprising as the correlation between relative and absolute mobility scores is rather high (-0.70).
6Gini coefficient within bottom 99%.
7Although the HIPD include coarse county mortality information, we use the CDC data for it enable us to compute rates by

ages, sex, race/ethnic group, causes of death, and for periods of time that are better suited to the mobility data
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mortality information does not necessarily measure lifespans of people from places, but life spans of people
who die in those places. Therefore, the associations we observe might be the result of selective migration
over the life-course and not of exposures to a given mobility regime during critical ages. In other words, the
effects of income mobility or inequality may be contaminated by characteristics that distinguish migrants
from non-migrants. The only way to circumvent this is to use individual longitudinal data that provides
enough information to either directly identify or to neutralize the effects of migration selection processes.

A second shortcoming is that even in the absence of residential migration, the measures of a place’s
income mobility does not correspond tightly to the mortality experience of interest. Thus, for example, a
place’s income mobility assessed for generations born in 1980 ought to be relevant for youth mortality in
years (approximately) 1995-2010 and to older adult mortality for years 2040 and later. Lack of correspon-
dence between income mobility and mortality is not problematic in a stationary regime, e.g., when a place’s
income mobility at time t stays the same for a generation or so. The closer a place’s income mobility is to a
stationary regime, the stronger will be our inferences.

4 Model Estimation

4.1 General model and model estimation

We seek to identify patterns of association between income mobility and mortality by county and demo-
graphic variables. First, we use death counts by county and age group as dependent variable. We fit Poisson
models to the age group specific observed counts by gender with (midyear) population as offset. The most
general model pools the death counts for all years (2000-2014), ethnicity/race, and causes of death avail-
able in the CDC data. Second, we include random effects for age groups as well as for state and county
to capture unstructured associations of the death counts. Finally, we adjust for over-dispersion by adding a
random effect at the observation level.8. The model is as follows:

Di ∼ Poisson(µi)

log(µi) = log(τi)+α +βmMi +βgGi +βXi

α = αc +αstate[i] +αcounty[i] +αobs[i] +αage[i]

βm = βMob +βMobage[i]

βg = βGini +βGiniage[i] (1)

where Di is the number of deaths by county and age, Mi is the income mobility measure for county i, Gi

the Gini coefficient, and log(τi) is the logarithm of the exposure for county i (i.e., log of mid-population).
Xi represents of a set of covariates we adjust for. Computing the exponential of α + βmMi + βgGi + βXi

yields the estimate of the mortality rate per county and age because log(λi) = log(µi)− log(τi). αobs[i] is the
adjustment for overdispersion. In this model, the coefficients for income inequality (Gini index) and income
mobility vary by age only.

A few caveats are in order. First, in contrast to models with fixed effects using dummy variables for age
groups (and corresponding interactions terms), the approach above allows for shifts in the estimates of age

8All random effects are assumed to be IID with mean 0 and variance σ2
ε .
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effects (and their corresponding confidence intervals) so that they are close to each other (partial pooling)
where necessary. This is particularly important when, as happens in the CDC death statistics, information
is sparse or when observed variation in the counts originates in noise. Fitting this type of multilevel model
results in an important advantage, namely, it yields more reliable estimates for small groups and facilitate
multiple comparisons (Gelman et al. 2012; Hill 2013).

Second, we extend the general model above by exploring interactions and expanding the data set by
race/ethnic group and cause of death. Given the small number of categories being examined (four race/ethnicity
and cause of death groups), we estimate the model in Equation 1 separately for each race/ethnic/cause of
death group.

Finally, and most importantly, to circumvent shortcomings inherent to standard maximum likelihood
estimates (MLE), we adopt a Bayesian approach and estimate the models with multiple nested and crossed
random effects. All models are estimated with the integrated nested Laplace approximation (INLA, Rue
et al. 2009), as this method does not require the use of simulation to sample from a posterior distribution
thus facilitating the estimation relative to MCMC-based approaches.9

To implement the Bayesian approach, we perform prior sensitivity analysis.10 We start using the R-INLA
default priors11 and explore different specifications for Penalized Complexity (PC) priors which are designed
to be weakly informative (for more details see Simpson et al. (2017)). PC priors require we specify some
scaling. To calibrate the scaling of the random effects prior, we set U and p to different values so that
Pr(σu >U)< p. The values we use for U and p, respectively, are PC(1,.10), PC(10, .10), PC(10, .0.1). In
the first case, for instance, we calibrate the prior so that the probability that the standard deviation of the
random effect is greater than 1 is lower than .10. Our main results are based on the PC prior that ensured
better fit (e.g., deviance information criterion (DIC) and Watanabe Akaike information criterion (WAIC)),
that is, PC(1, .10). Fortunately, estimates for income mobility and inequality are insensitive to different prior
specifications.

4.2 Model variants

We estimate six variants of the general model. The first is a baseline model that contains standardized income
relative mobility (IRM), standardized income inequality (GI), centered log of the average household income
and log of population at the county level as well as age, state, county, and observation level random-effects.
Higher order models include income mobility and inequality age varying coefficients, interactions between
income inequality and mobility, average income and corresponding interaction with IRM, and additional
adjustments such as standardized income segregation, proportion of African-American (log), proportion
of Hispanic (log), unemployment rate (log), proportion of people uninsured (standardized) and medicare
expenses (standardized). All the variables were centered. 12 Covariate adjustment could change estimates
of the association between income mobility and mortality because they may capture unmeasured factors
that confound the relationship of interest, but also because they reflect elements along a causal chain linking

9For an applied introduction see Blangiardo and Cameletti (2015); Wang et al. (2018) and Zuur (2017).
10For more details see the Prior sensitivity analysis section in the Methodological Supplement.
11R-INLA uses a precision measure for the variance of the posterior distribution parameters defined as τε = 1

σ 2
ε

. The default
prior distribution for a fixed parameter is a normal distribution with mean 0 and precision τ = 0.001, that is equivalent to σ = 31.62.
This diffuse prior is used for all fixed regression parameters, except for the intercept in which case the precision is 0, that is, the
corresponding sigma is large. For parameterization of random effects R-INLA uses a log gamma distribution for the priors of log(τ)
with shape a = 1 and inverse scale b = 0.00005.

12See Table S1 in the Methodological Supplement for descriptives of the variables we used.
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income mobility to health. Including covariates from the second group would amount to over-controlling
and we intentionally sought to avoid this. For example, we do not include measures of health behaviors as
covariates as it is likely that one of the pathways that relates income mobility and mortality includes changes
in health behavior.13

Finally, we estimate models that consider spatial autocorrelation. Because county-level mortality data
are area level information, spatial dependency is taken into account through neighborhoods structure. Neigh-
bors are defined as the areas (counties) which share borders with it (first-order neighbors) or which share
borders with it and with its first-order neighbors (second-order neighbors) (Blangiardo and Cameletti 2015).
We use the parameterization proposed by Riebler et al. (2016).

4.3 Converting estimates of parameters into estimates of adult life expectancy

To estimate effects of income mobility and income inequality on a summary measure of mortality, namely
life expectancy at several ages, we use the parameter estimates of the model (Equation 1) to compute pre-
dicted values of mortality rates for each of 18 age groups. We then employ standard demographic procedures
to construct all columns of a life table generated by the predicted rates. Finally, we compute life expectancy
at various ages. We repeat these calculations for multiple scenarios defined by assigning values to the indi-
cators of income inequality and mobility. With these estimates we are able to compare expected values of
life expectancy at different ages in places with high and low-income mobility or inequality and use the dif-
ferences between predicted values as measures of the impact of each dimension of the stratification system.

5 Results

5.1 Average Association

Tables 2 (female) and 3 (male) display estimates of parameters corresponding to six models where the
dependent variable is death counts by county and age between 2000 and 2014 (51,606 records from 2867
counties). The coefficient βMob and βGini (see Equation 1) represent the average association between income
relative mobility (IRM) and Gini index (GI) respectively. To simplify the description of results, we focus
only on the effects of IRM, GI and corresponding interaction effects.

In the simplest baseline model (no age-varying coefficients) of each table, the standardized estimates
of IRM and GI are .07 and .02 for females and .07 and .03 for males, respectively. Exponentiating these
coefficients results in proportionate increases in mortality rates given a one unit increase (one standard
deviation) in IRM and GI when all other variables are held equal to their average values. All effects are
in the proper direction, and IRM credibility intervals (CI) are all positive, the contrasts between males and
females are minor and, as expected, the coefficient for county’s income is several times higher than those of
IRM and GI.

The second model (age-varying coefficient) allows the IRM and GI to vary by age-group and both the
deviance information criterion (DIC) and Watanabe Akaike information criterion (WAIC) improve consid-

13Goodness of fit of the covariate adjustment model using cross-validation is shown in the section Goodness of Fit in the
Methodological Supplement.
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erably. The third model includes the interaction between IRM and GI. Although positive as expected, the
interaction effect is close to zero. Thus, there is no evidence that the association of IRM with mortality is
stronger when income inequality is sharper. The fourth model includes the interaction between IRM and
county’s income. The corresponding effects are positive albeit small, suggesting that, contrary to expecta-
tions, the harmful effects of IRM on mortality gets larger in places with higher, not lower, income.

The fifth model adjusts for a set of covariates that stand for confounding factors, The fit of this model is
better, although the magnitude of IRM coefficients changes only slightly. Figure 1 displays the posterior dis-
tribution of the exponentiated mobility and Gini coefficients by gender. The figure shows that mortality rates
among females are 1.09 and 1.01 higher in places with lower income mobility and higher income inequality
respectively. Among males the excess mortality are 1.07 and 1.02, respectively. Thus, the deleterious impact
of income mobility on mortality is always larger than the effect of income inequality.

The final model adds a structured term to account for spatial autocorrelation. Although this model
increases the goodness-of-fit it only modifies the coefficients of interest slightly and does not change our
previous inferences.

5.2 Effects by age

Average effects of income mobility and inequality in Table 2 and 3 are not completely informative since they
refer to changes in average mortality rates assuming that each age group has the same weight. To circumvent
this we estimate models with age-varying effects (see above) Tables 2 and 3 confirm two facts. First, and
as mentioned before, the fit of the model (assessed by DIC and WAIC) improves considerably after adding
the random-coefficient terms for age. Second, the variability of IRM and GI coefficients by age-group is
non-trivial and confirms the idea that effects of income mobility are age-patterned.

Figure 2 show (exponentiated) estimates and CIs of βm and βg from Equation 1 by sampling posterior
distributions of Model Covariates in Tables 2 and 3. These can be interpreted as age-specific mortality
ratios associated with shifts of one standard deviation of IRM and GI. In the case of women, the IRM curve
suggests a higher impact at younger ages – possibly a reflection of parental conditions – a peak during early
adulthood (25-44) and a gradual tapering off at older ages. The shifts due to income mobility are always
larger than those for income inequality and reach their peak at later ages. For males, the IRM curve is less
pronounced and flatter. Ratios are relatively stable until late adulthood and although the differences between
effects of income mobility and inequality ratios are in the same direction as among women, their magnitudes
are smaller.

To show the impact of shifts in income mobility and inequality using an easily understood metric, we
estimate differences in life expectancy at various ages associated with changes in one standard deviation
of income mobility (income inequality). To do this we use Model Covariates (Tables 2 and 3) to predict
individual mortality rates by age using. We then predict counterfactual mortality rates by computing the
following quantities:

α = αc +αage[i]

βm = βMob +βMobage[i]

βg = βGini +βGiniage[i] (2)

The values of covariates other than income mobility and income inequality are always set to their average
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(i.e., zero). Once we obtain the set of predicted mortality rates by age, we estimate life expectancy using
standard life tables for five-year age groups (0-4, 5-9, ..., 75-84, 85+). We assume that the average person
years lived by those dying within an interval (nax) is 0.5 for all the age groups, except the first one where we
use 0.3. For the last age-group, we compute nax as the reciprocal of the mortality rate ( 1

mx
).14

Figure 3 displays curves of the magnitude of predicted (absolute) changes in life expectancy by age
implied by increases in IRM (decreases in income mobility) and GI (increases in income inequality) equiv-
alent to one standard deviation. The graphs are sensitive to both differences in levels of mortality and the
magnitude of effects by age. The largest (absolute) life expectancy losses is at age 0 (E(0)) and gradually
decrease with age. Although there are no significant gender contrasts in the age patterns of losses, the mag-
nitude of differences due to changes in IRM and GI is, as before, slightly lower for men than for women
and, also as verified before, the absolute differences are consistently higher for income mobility than for
income inequality. The fact that the absolute magnitude of differences or losses in life expectancy is larger
at age 0 should not be surprising since, unless the sign of the estimated effects varies by age, the age-specific
effects will accumulate over time. Since life expectancy at birth reflects the sum total of effects throughout
the life course, the magnitude of the expected impacts will tend to be higher at age 0. Furthermore, because
life expectancy at birth is disproportionately influenced by changes in mortality before age 5, minor differ-
ences in effects between very young and adult age groups may be over-represented when in changes of life
expectancy at age 0. An alternative way to assess the impact of shifts in income mobility and inequality is
to compute the magnitude of the relative changes. These quantities are plotted in Figure 4 and, as expected,
they show an increasing trend by age, particularly at older adult ages, where the size of life expectancy
declines rapidly.

5.3 Effects by Race/Ethnicity

Do the effects uncovered before vary by race and/or ethnic group? Figure 5 displays the posterior distribution
of mortality ratios using the model Covariates of Table 3 and 2 estimated separately for the following
race/ethnic groups: Non-Hispanic Whites, African Americans, Hispanics, and Other. The figures reveal that
IRM exerts larger influence than GI and in the expected direction in all groups. The figure also shows that
contrasts between the impact of income mobility and income inequality are smallest for African American
(males and females) and largest for Non-Hispanic Whites and Others. In addition, note that the uncertainty
of estimates is always largest for Other and smallest for non-Hispanic Whites. Finally, while non-Hispanic
White females mortality is more sensitive than male mortality to income mobility the same is not the case
in the Other groups.

Figure 6 displays curves with the predicted changes in life expectancy by age implied by a standard
deviation upward shift in IRM and GI for African Americans and Non-Hispanic Whites. Males show clear
differences between African Americans and Non-Hispanic Whites in life expectancy: at E(0) African Amer-
icans decrease about 1.5 years in life expectancy versus 0.6 years among Whites. Females’ differences asso-
ciated with a shift in IMR are much smaller and difficult to identify. Shifts in GI also have a harmful effect
among African Americans, although considerably smaller (about 0.6 years of decrease in life expectancy
at E0) than the effect of IMR (between 1 and 1.5 years). Again, differences in impact are assessed using
relative changes (see Figure 7). These quantities corroborate the differences between Whites and African
Americans, and reveal gaps in the effect of GI and IRM increase with age.

14For details on these calculations see the code in the repository: https://github.com/sdaza/dissertation/tree/

master/cdc_mortality/notebooks
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5.4 Effects by causes of death

We now examine patterns of association between income mobility and mortality by broad groups of causes
of death. To simplify estimation we classify the total 39 selected causes of death adapted by the CDC
into four broad groups of causes: communicable diseases, non-communicable diseases, injuries (including
accidents, suicides, homicides), and residual causes.15

We estimate the Covariates model in Table 2 and 3, but do so separately by four cause death as defined
before. Figure 8 displays the posterior distribution of mortality ratios exp(βm) and exp(βg) (see Equation
1). The effects are uniformly in the expected direction, they are always larger for income mobility than
for income inequality, and behave similarly for males and females. The largest ratios are associated with
communicable diseases, a group that includes HIV, other STD-related deaths, and respiratory TB as major
contributors, as well as more diffuse illnesses such as influenza, pneumonia, and bronchitis. These effects,
however, are also the least certain, e.g., their posterior distributions have large variances. The conjecture
issued at the outset is that we should see larger contrasts in causes of deaths that involve consumption of
substances (particularly reflected in injuries, a group that includes suicides, accidents, and homicides) as
well as those associated with high risk behaviors (e.g. STD’s). This is largely the case in the findings
revealed by the Figure. Some contrasts in non-communicable diseases are also expected (e.g. smoking
related causes, T2D) but we cannot discern patterns with more fine tuned groups of causes of deaths due to
small number of events.

Overall, although the pattern of results for causes of deaths are concordant with the hypothesis formu-
lated at the outset, they do not supply us a platform for strong inferences. First, we have scarce power to
estimate simultaneously age and causes of death effects which would be required for a rigorous test of the
hypothesis regarding causes of deaths. Second, alternative explanations could be invoked to account for the
observed patterns (e.g. excess deaths due to STD’s may be due to unmeasured excess poverty in places with
low income mobility) and these cannot be easily discarded.

6 Discussion

The results of these analysis are mixed. First, as we showed elsewhere (Palloni et al. 2016), there is little
doubt that the gross impact of a place’s income is significantly larger than those associated with either
income mobility or income inequality (Chetty et al. 2016). Thus, US geographic disparities are reduced but
not eliminated after accounting for income mobility (and income inequality). However, as expected, our
findings also show that the association between mortality and income mobility is everywhere stronger than
that between income inequality and mortality. This empirical evidence alone should support the case for
income mobility as a relevant mortality determinant, much as the case has been amply made for income
inequality (while ignoring income mobility altogether).

Second, and contrary to our expectations, the income gradient of beneficial effects of higher income
mobility is positive as places with higher income tend to experience larger mortality reductions as income
mobility increases. In contrast, and concordant with our expectation, the effects of income mobility are
larger among disadvantaged and discriminated groups, such as African American males and other minorities
(Hispanics). Third, as would be expected if there are no gender differentials in parental investments on

15See Table S6 in Methodological Supplement for details on the coding schema we use.
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offspring, there are no persistent and marked gender differentials among non Hispanic Whites, although
effects among women seem slightly higher than among men.

Finally, the analyses by causes of deaths reveal patterns that are largely consistent with the hypothesis.
In particular, causes that show the highest sensitivity to income mobility are those largely associated with
high risk behaviors. Yet, this evidence is too coarse to discard alternative explanations and firmly establish
the role of income inequality.

Undoubtedly the tools used here to test the conjectures about the role of income mobility are blunt. But
they are in no case blunter than those utilized to produce evidence on which the whole edifice about the
relation between mortality and income inequality has been built over many years. To make further progress
we may have to proceed in two different directions. First, we should identify with surgical precision the
mechanisms linking adult health and mortality to both a place’s income mobility (aggregate property) as well
as to the actual income mobility experienced by the parental and the great parental generations (family level
property). Both may exert influences on early formative environments and adoption of health behaviors. In
particular, the latter is likely to be influenced by and act jointly with a place’s aggregate income mobility to
modify early upbringing and socialization, the formation of future outlooks, and the adoption of attitudes and
behaviors that minimize exposure to health risks. It may be the case that growing up in a community with
a rigid stratification system discourages individuals in less advantageous positions and facilitates adoption
of behaviors that provide immediate rewards, some of which are highly noxious, difficult to abandon, and
bearers of large effects that take a long time to manifest. Yet, a family’s mobility experience could be equally
influential and may even have the power to offset deleterious effects from a place’s income mobility.

Second, we should focus on individual outcomes at several stages in the life course. Although death is a
fairly definitive state and mortality rates can be assessed with little difficulty, we need observation of a chain
of intermediate outcomes spread over the life course of individuals. If place and familial income mobility
turn out to be important, counteracting the deleterious effects of unfavorable income mobility regimes and
adverse mobility experiences will require changes that are no different from those advocated by economists
to increase human capital, and are all directed to modifying early childhood environments (Heckman 2007).
If early cognitive and non-cognitive skills matter for labor market success, income and wages, they may
also matter for adult health not only because socioeconomic success breeds good health but because these
traits are the same that determine health behaviors and associated lifelong exposures. While one cannot alter
a place’s income mobility overnight anymore than one can shift its income distribution, timely changes in
parental and child educational programs may go a long way to shield individuals and families from negative
backlashes of rigid mobility regimes.
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7 Tables and Figures

Table 1: Theoretical Scenarios

Inequality

High Low

High A B
Mobility

Low C D
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Figure 1: Posterior Distribution of exp(βMob) and exp(βGini) by Gender
Model Covariates in Tables 2 and 3

(a) Women
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Figure 2: 95% Credibility Interval Posterior Distribution of
exp(βm) and exp(βg) (Equation 1) by Age Group

Model Covariates in Tables 2 and 3
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Figure 3: 95% Credibility Interval of Predicted LE Differences
by Age Group, Increase in One Standard Deviation

Model Covariates in Tables S4 and 3
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Figure 4: 95% Credibility Interval of Predicted Relative LE Differences
by Age Group, Increase in One Standard Deviation

Model Covariates in Tables S4 and 3
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Figure 5: Posterior Distribution exp(βMob) and exp(βGini) (Equation 1)
by Race/Ethnicity and Gender
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Figure 6: 95% Credibility Interval of Predicted LE Differences
by Age Group and Race/Ethnicity, Increase in One Standard Deviation

(a) Women - Relative Mobility
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Figure 7: 95% Credibility Interval of Predicted LE Relative Differences
by Age Group and Race/Ethnicity, Increase in One Standard Deviation

(a) Women - Relative Mobility
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Figure 8: Posterior Distribution exp(βMob) and exp(βGini)
by Cause of Death and Gender
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Methodological Supplement

The code used to create the database and run the models and plots is available at:

https://github.com/sdaza/dissertation/tree/master/cdc_mortality/notebooks.

1.1 Descriptive Statistics County Level

Figure S1: County Coverage Income Mobility Measures (Colored)
2867 counties (91%)

1
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Table S1: Descriptive Statistics

Variable N Mean Median SD Min Max

Relative income mobility (×100) 2867 26.43 26.23 8.59 -7.40 55.23
Absolute income mobility (×100) 2867 47.33 46.84 6.08 23.17 68.32
Gini coefficient 2867 0.38 0.37 0.09 0.16 1.09

Population 2000 2867 97758.63 28274.00 304860.67 2837.00 9519338.00
Household income 2867 32963.43 32258.13 7060.38 13646.95 77942.65
Income segregation 2867 0.03 0.02 0.03 -0.00 0.18
Unemployment rate 2867 0.05 0.05 0.02 0.02 0.18
% Hispanic 2867 5.99 1.78 11.82 0.16 97.54
% African-American 2867 9.18 2.02 14.67 0.00 85.97

% Uninsured 2867 18.08 17.85 5.29 3.63 38.09
Medicare expenses 2867 9333.58 9233.24 1558.80 4265.11 18443.22

Note: Variables are in their original scale (i.e., before log transformation and standardization).
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1.2 Goodness of Fit

We examine the goodness of fit (GOF) of the model Covariates in Table 2 and 3 using the leave-one-out
predictive measure probability integral transform (PIT) (Wang et al. 2018).

The probability integral transform (PIT) is defined as:

PITi = p(ynew
i ≤ yi|y−i)

where y−i denotes the observations y with the ith observation omitted. The only difference between PIT
and the posterior predictive p-value is that PIT is computed based on y−i rather than y. We would expect
PIT statistics to be approximately uniformly distributed for a good model. Values of PIT close to zero or
one would indicate observations which are much smaller or larger than expected. One advantage of the PIT
relative to other measures such as the conditional predictive ordinate (CPO) is that the deviations have a
direction.

Figures S2 and S3 show the histogram and the uniform Q-Q plot of PITs for females and males. As can
be seen, the distribution of the PITs is close to a uniform distribution, suggesting that the model reasonably
fits the data.

3



Figure S2: PIT Distribution
Model Covariates in Tables 2 and 3
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Figure S3: Q-Q Plot PIT
Model Covariates in Tables 2 and 3
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1.3 Prior sensitivity analysis

We perform prior sensitivity analysis. We start using the R-INLA default priors. R-INLA uses a precision
measure for the variance of the posterior distribution parameters defined as τε = 1

σ2
ε

. The default prior
distribution for a fixed parameter is a normal distribution with mean 0 and precision τ = 0.001, that is
equivalent to σ = 31.62. We use this diffuse prior for all fixed regression parameters, except for the intercept
in which case the precision is 0, that is, the corresponding sigma is large. For parameterization of random
effects R-INLA uses a log gamma distribution for the priors of log(τ) with shape a = 1 and inverse scale
b = 0.00005. Then, we explore different specifications for Penalized Complexity (PC) priors which are
designed to be weakly informative (for more details see Simpson et al. (2017)). PC priors require we
specify some scaling. To calibrate the scaling of the random effects prior, we set U and p to different values
so that Pr(σu > U) < p. The values we use for U and p, respectively, are PC(1,.10), PC(10, .10), PC(10,
.0.1). In the first case, for instance, we calibrate the prior so that probability that the standard deviation of
the random effect is greater than 1 is lower than .10.

Table S2 and S3 show the results using different priors with a model equivalent to the Covariates model
in Table 2 and 3 of the main paper. As can be seen, fixed effects practically do not change when using
different prior specifications. The precision of random terms, as expected, shows more variability although
changes are small. We decide to use the model with better DIC and WAIC across genders, that is, PC(1,
0.10).

Table S2: County Level Poisson Models, Prior Sensitivity, Women, CDC 2000-2014

INLA Default PC(1, .10) PC(10, .10) PC(10, 0.01)

Constant −5.82 −5.82 −5.82 −5.82
[−6.73; −4.91] [−6.71; −4.93] [−6.84; −4.80] [−6.83; −4.81]

Income relative mobility 0.09 0.09 0.09 0.09
[0.06; 0.11] [0.06; 0.12] [0.06; 0.12] [0.06; 0.12]

Gini 0.01 0.01 0.01 0.01
[−0.00; 0.03] [−0.00; 0.03] [−0.01; 0.03] [−0.01; 0.03]

Random Effects

SD observations 0.10 0.10 0.10 0.10
[0.10; 0.10] [0.10; 0.10] [0.10; 0.10] [0.10; 0.10]

SD age group 1.98 1.92 2.18 2.11
[1.43; 2.84] [1.42; 2.54] [1.55; 3.04] [1.50; 2.96]

SD counties 0.09 0.09 0.09 0.09
[0.09; 0.10] [0.09; 0.09] [0.09; 0.09] [0.09; 0.09]

SD states 0.06 0.06 0.07 0.06
[0.05; 0.08] [0.05; 0.08] [0.05; 0.08] [0.05; 0.08]

SD mobility by age 0.06 0.06 0.06 0.06
[0.04; 0.08] [0.04; 0.09] [0.05; 0.10] [0.04; 0.09]

SD gini by age 0.03 0.04 0.04 0.04
[0.03; 0.05] [0.03; 0.06] [0.03; 0.05] [0.03; 0.05]

DIC 366792 366791 366793 366793
WAIC 365157 365159 365165 365163

Note: Selected coefficients (mean of marginal posterior distribution). Poisson model with offset = log(population). 95% credibility intervals.
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Table S3: County Level Poisson Models, Prior Sensitivity, Men, CDC 2000-2014

INLA Default PC(1, .10) PC(10, .10) PC(10, 0.01)

Constant −5.31 −5.31 −5.31 −5.31
[−6.22; −4.41] [−6.17; −4.45] [−6.26; −4.36] [−6.23; −4.39]

Income relative mobility 0.07 0.07 0.07 0.07
[0.05; 0.09] [0.05; 0.09] [0.05; 0.09] [0.05; 0.09]

Gini 0.02 0.02 0.02 0.02
[0.01; 0.04] [0.01; 0.04] [0.01; 0.04] [0.01; 0.04]

Random Effects

SD observations 0.12 0.12 0.12 0.13
[0.12; 0.13] [0.12; 0.13] [0.12; 0.13] [0.12; 0.13]

SD age group 1.90 1.85 2.04 2.00
[1.28; 2.57] [1.35; 2.43] [1.47; 2.99] [1.44; 2.81]

SD counties 0.10 0.10 0.10 0.10
[0.10; 0.11] [0.10; 0.11] [0.10; 0.11] [0.10; 0.10]

SD states 0.06 0.06 0.06 0.06
[0.04; 0.07] [0.05; 0.08] [0.05; 0.08] [0.05; 0.08]

SD mobility by age 0.04 0.04 0.05 0.04
[0.03; 0.06] [0.03; 0.06] [0.03; 0.06] [0.03; 0.06]

SD gini by age 0.03 0.04 0.04 0.04
[0.02; 0.05] [0.03; 0.05] [0.03; 0.05] [0.03; 0.05]

DIC 394915 394906 394913 394900
WAIC 392796 392766 392791 392742

Note: Selected coefficients (mean of marginal posterior distribution). Poisson model with offset = log(population). 95% credibility intervals.
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1.4 Results Using Absolute Mobility

We run of the models of the paper using an absolute upward mobility score or “the mean rank (in the
national income distribution) of children whose parents are at the 25th percentile of the national parent
income distribution” (Chetty et al. 2014, p. 7).

Although at the national level both the relative and absolute measure of mobility provide similar in-
formation, when studying small areas a child’s rank in the national income distribution would be an ab-
solute outcome because income in a given areas have little impact on the national distribution. We use a
permanent-resident version of income mobility measures, that is, parents who stay in the same counties
between 1996-2012. Note that children who grow up in a county may have moved out as adults.

Absolute upward income mobility ranges from 0 to 1, and higher values correspond to large income
mobility. We multiply the absolute upward mobility score by -1 so that the interpretation and expected
association of relative and absolute income mobility were the same (i.e., increases in income mobility and
inequality is expected to rise mortality risk). The results are similar to the ones using relative income
mobility, what is not surprising because the correlation between both measures is high (-0.70). Still, there
are some differences is worth to mention.

IRM and GI ratios by age-group look more similar by gender than when using relative income mobility.
The IRM male curve still look smoother than the female one, and the magnitude of the peak is greater
for women (see Figure S5). Life expectancy differences are of the same order of magnitude (one year),
but the decrease of differences at older ages is faster among males than females (see Figure S6). Relative
differences are shown in Figure S7. Finally, there is also a much clear difference in the effect of IRM
between Non-Hispanic White males and other groups (see Figure S8).
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Figure S4: Posterior Distribution of exp(βMob) and exp(βGini) by Gender
Model Covariates in Tables S4 and S5
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Figure S5: 95% Credibility Interval Posterior Distribution of
exp(βm) and exp(βg) (see Equation 1) by Age Group

Model Covariates in Tables S4 and S5

(a) Women
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Figure S6: 95% Credibility Interval of Predicted LE Differences
by Age Group, Increase in One Standard Deviation

Model Covariates in Tables S4 and S5

(a) Women
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Figure S7: 95% Credibility Interval of Predicted Relative LE Differences
by Age Group, Increase in One Standard Deviation

Model Covariates in Tables S4 and 3
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Figure S8: Posterior Distribution exp(βm) and exp(βg)
Model Covariates

(a) Women

Other

Hispanic

African−American

White

0.9 1.0 1.1 1.2

Posterior distribution

Absolute Mobility Gini

(b) Men

Other

Hispanic

African−American

White

0.9 1.0 1.1 1.2

Posterior distribution

Absolute Mobility Gini

15



Figure S9: 95% Credibility Interval of Predicted LE Differences
by Age Group and Race/Ethnicity, Increase in One Standard Deviation

(a) Women - Absolute Mobility
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(b) Men - Absolute Mobility
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(c) Women - Gini
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Figure S10: 95% Credibility Interval of Predicted LE Relative Differences
by Age Group and Race/Ethnicity, Increase in One Standard Deviation

(a) Women - Absolute Mobility
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Figure S11: Posterior Distribution exp(βMob) and exp(βGini)
by Cause of Death and Gender

(a) Women

Residuals

Injury

Non−communicable

Communicable

1.0 1.1 1.2 1.3

Posterior distribution

Absolute Mobility Gini

(b) Men

Residuals

Injury

Non−communicable

Communicable

1.0 1.1 1.2 1.3

Posterior distribution

Absolute Mobility Gini

18



1.5 Cause of Death Coding

Table S6: Code for Causes of Death, CDC

Code CDC Database Cause Title and ICD-10 Codes

Group 1
001 Tuberculosis (A16A19)
002 Syphilis (A50A53)
003 Human immunodeficiency virus (HIV) disease (B20B24)
027 Influenza and pneumonia (J10J18)

Group 2
004 Malignant neoplasms (C00C97)
005 Malignant neoplasm of stomach (C16)
006 Malignant neoplasms of colon, rectum and anus (C18C21)
007 Malignant neoplasm of pancreas (C25)
008 Malignant neoplasms of trachea, bronchus and lung (C33C34)
009 Malignant neoplasm of breast (C50)
010 Malignant neoplasms of cervix uteri, corpus uteri and ovary (C53C56)
011 Malignant neoplasm of prostate (C61)
012 Malignant neoplasms of urinary tract (C64C68)
013 NonHodgkin’s lymphoma (C82C85)
014 Leukemia (C91C95)
015 Other malignant neoplasms (C00C15, C17, C22C24, C26C32, C37C49, C51C52, C57C60,

C62C63, C69C81, C88, C90, C96C97)

016 Diabetes mellitus (E10E14)
017 Alzheimer’s disease (G30)
028 Chronic lower respiratory diseases (J40J47)
035 Sudden infant death syndrome (R95)
029 Peptic ulcer (K25K28)
030 Chronic liver disease and cirrhosis (K70,K73K74)
031 Nephritis, nephrotic syndrome, and nephrosis (N00N07,N17N19,N25N27)
032 Pregnancy, childbirth and the puerperium (O00O99)
033 Certain conditions originating in the perinatal period (P00P96)
034 Congenital malformations, deformations and chromosomal abnormalities (Q00Q99)
036 Symptoms, signs and abnormal clinical and laboratory findings, not elsewhere classified (exclud-

ing sudden infant death syndrome) (R00R94,R96R99)
018 Major cardiovascular diseases (I00I78)
019 Diseases of heart (I00I09,I11,I13,I20I51)
020 Hypertensive heart disease with or without renal disease (I11,I13)
021 Ischemic heart diseases (I20I25)
022 Other diseases of heart (I00I09,I26I51)
023 Essential (primary) hypertension and hypertensive renal disease (I10,I12)
024 Cerebrovascular diseases (I60I69)
025 Atherosclerosis (I70)
026 Other diseases of circulatory system (I71I78)

Group 3
038 Motor vehicle accidents (V02V04, V09.0, V12V14, V19.0V19.2, V19.4V19.6, V20V79,

V80.3V80.5, V81.0V81.1, V82.0V82.1, V83V86,V87.0V87.8, V88.0V88.8, V89.0,V89.2)
039 All other and unspecified accidents and adverse effects (V01, V05V06, V09.1, V09.3V09.9,

V10V11,V15V18, V19.3,V19.8V19.9, V80.0V80.2, V80.6V80.9, V81.2V81.9, V82.2V82.9,
V87.9, V88.9,V89.1, V89.3,V89.9, V90X59, Y40Y86, Y88)

042 All other external causes (Y10Y36, Y87.2, Y89)
040 Intentional self-harm (suicide) (*U03, X60X84, Y87.0)
041 Assault (homicide) (*U01-*U02, X85Y09, Y87.1)

Group 4
037 All other diseases (Residual) (A00A09, A20A49, A54B19, B25B99, D00E07, E15G25, G31H93,

I80J06, J20J39, J60K22, K29K66, K71K72, K75M99, N10N15, N20N23, N28N98)
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