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Inequality in Place: Effects of Exposure to Neighborhood-Level 
Economic Inequality on Mortality
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ABSTRACT This study con trib utes to the debate on whether income inequal ity is harm
ful for health by addressing sev eral ana lyt i cal weaknesses of pre vi ous stud ies. Using 
the Panel Study of Income Dynamics in com bi na tion with tractlevel mea sures of 
income inequal ity in the United States, we esti mate the effects of dif fer en tial expo sure 
to income inequal ity dur ing three decades of the life course on mor tal ity. Our study 
is among the first to con sider the impli ca tions of income inequal ity within U.S. tracts 
for mor tal ity using lon gi tu di nal and indi vid uallevel data. In addi tion, we improve 
upon prior work by account ing for the dynamic rela tion ship between local areas and 
indi vid u als’ health, using mar ginal struc tural mod els to account for changes in expo
sure to local income inequal ity. In con trast to other stud ies that found no sig nifi  cant 
rela tion between income inequal ity and mor tal ity, we find that recent expo sure to 
higher local inequal ity predicts higher rel a tive risk of mor tal ity among indi vid u als 
at ages 45 or older.

KEYWORDS Mortality • Inequality • Neighborhoods • Life course • Marginal 
struc tural mod els

Introduction

Income inequal ity in the United States has surged to lev els not seen for a cen tury 
(Burtless and Jencks 2003; Neckerman and Torche 2007). Since the 1970s, the var
i ance in incomes of fam i lies with chil dren increased by two thirds (Western et al. 
2008) and the top per cen tile share of incomes dou bled (Atkinson et al. 2011). Among 
the poten tial sequelae of grow ing inequal ity is increased mor tal ity risk. As income 
inequal ity has risen in the United States, mor tal ity rates have risen among some 
groups, and the U.S. trend in life expec tancy has diverged from trends in other post
in dus trial democ ra cies. A recent National Academy of Sciences report noted this 
cir cum stan tial evi dence and underscored con tro ver sial claims about the rela tion ship 
between inequal ity and mor tal ity as a top pri or ity for research (Woolf and Aron 2013).

Although there already exists con sid er able work on income inequal ity and health 
(Beckfield 2004; Hu et al. 2015; Kawachi et al. 1997; Wilkinson and Pickett 2006), 
rel a tively lit tle research con sid ers the con se quences of income inequal ity at a local 
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or neigh bor hood level. Existing research on the impact of inequal ity on health usu
ally con sid ers aggre gate inequal ity in rel a tively large geo graphic areas—nations 
(Beckfield 2004; Edwards and Tuljapurkar 2005; Kondo et al. 2009; Lynch et al. 
2004; Shkolnikov et al. 2011; Vincens et al. 2018; Wilkinson 1992; Zheng 2012), 
states (Backlund et al. 2007; Deaton 2001; Kennedy et al. 1998; McLeod et al. 2004; 
Rasella et al. 2013), met ro pol i tan areas (Deaton and Lubotsky 2003; Mellor and 
Milyo 2001), or counties (Fiscella and Franks 1997; Franzini et al. 2001; LeClere 
and Soobader 2000; Yang et al. 2017). In com par i son, the con se quences of income 
inequal ity in more local con texts are not well under stood, espe cially when con sid er
ing mor tal ity as the out come.

In addi tion, stud ies of inequal ity in local con texts are incon clu sive. Although indi
vid u als’ actual expe ri ences of income inequal ity are likely shaped by their local area, 
in which inequal ity could be socially cor ro sive for com mu ni ties or hold sig nifi  cant 
neg a tive impli ca tions because of social com par i sons (Jencks and Mayer 1990), the 
rela tion between local inequal ity and mor tal ity often appears low or null (Franzini 
et al. 2001; Subramanian and Kawachi 2004; Wilkinson and Pickett 2006); these 
pat terns are observed within sev eral countries out side of the United States (Blakely 
et al. 2003; CloughGorr et al. 2015; Osler et al. 2002; Shibuya et al. 2002; Veenstra 
2002). Furthermore, stud ies of the impli ca tions of local inequal ity for mor tal ity often 
rely on eco log i cal data (Brodish et al. 2000; Massing et al. 2004; McLaughlin and 
Stokes 2002; McLaughlin et al. 2001; Shi et al. 2005), which can lead to issues with 
indi vid uallevel infer ence (Gravelle 1998; Hernán 2012; Xie 2013). Finally, stud ies 
of inequal ity gen er ally rely on regres sions using fixed effects or lagged covariates 
(Beckfield 2004; Blakely et al. 2000; Daly et al. 2001; Subramanian and Kawachi 
2006; Vincens et al. 2018), which can over look causal medi a tors and over con trol for 
the dynamic and recur sive rela tion ship between the local inequal ity and other time
vary ing covariates (Wodtke et al. 2011).

To address these lim i ta tions, we use detailed indi vid uallevel lon gi tu di nal data 
from the Panel Study of Income Dynamics (PSID) to esti mate the effects of U.S. 
tractlevel inequal ity on mor tal ity over a period of up to three decades. Although 
the PSID is the lon gestrun ning nation ally rep re sen ta tive lon gi tu di nal sur vey of 
its kind, the data on mor tal ity included in the PSID are rarely used, and to our 
knowl edge have not been used to study the impli ca tions of local inequal ity. In 
our indi vid uallevel and timesen si tive ana ly ses, we esti mate mar ginal struc tural 
mod els with bal anced or pseudorandomized obser va tions across expo sure lev els 
(Sharkey and Elwert 2011; Wodtke 2013; Wodtke et al. 2011) to account for the 
dynamic rela tion ship between local areas and indi vid u als’ health—in which some 
of the social con di tions that pre dict mor tal ity may be both causes of local income 
inequal ity (e.g., through selec tion) and con se quences of income inequal ity. Atten
tion to dynamic inter play is increas ing in stud ies of the con se quences of socio
eco nomic advan tage for health and mor tal ity under the life course approach (Elo 
2009; Leventhal and BrooksGunn 2000; Mayer 2009; Wodtke et al. 2011) but is 
largely absent in stud ies of inequal ity. Our study shows that expo sure to recent 
local inequal ity predicts higher mor tal ity risk, even net timevary ing char ac ter is tics 
such as fam ily and neigh bor hoodlevel income, contradicting argu ments that local 
inequal ity has few impli ca tions for health and mor tal ity.
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Theoretical Effects of Local Income Inequality on Mortality: 
Null, Indirect, and Direct Effects

When we con sider the rela tion ship between local income inequal ity and mor tal
ity, there are at least three pos si bil i ties. First, income inequal ity may be unre lated 
to mor tal ity, which would sug gest that local income inequal ity is not an impor tant 
mor tal ity risk. Second, income inequal ity may have neg a tive impli ca tions for mor
tal ity indi rectly, by which we mean through the impli ca tions of inequal ity for other 
timevary ing covariates (such as indi vid ual or local socio eco nomic sta tus). Third, 
local income inequal ity may directly increase mor tal ity risk if it increases stress ful 
social com par i sons or reduces neigh bor hoodlevel trust and social cohe sion (with out 
oper at ing through known and observed medi a tors such as indi vid ual or local socio
eco nomic sta tus).1 In this sec tion, we review existing stud ies that shed light on these 
three pos si bil i ties.

Although some schol ars have not observed an asso ci a tion between income 
inequal ity and pop u la tion health (Beckfield 2004; Deaton and Lubotsky 2003; 
Lynch et al. 2004; McLeod et al. 2004; Mellor and Milyo 2001), the evi dence base 
is rel a tively stron ger at higher lev els of aggre ga tion (e.g., nations, regions, states). 
In a metaanal y sis of 168 stud ies, Wilkinson and Pickett (2006) found a sig nifi 
cant asso ci a tion between pop u la tion health and income inequal ity within nations 
(Edwards and Tuljapurkar 2005; Lynch et al. 2004; Shkolnikov et al. 2011) and 
regional areas (Daly et al. 2001; Kaplan et al. 1996; Kawachi et al. 1997; Kennedy 
et al. 1998; Subramanian et al. 2003; Subramanian and Kawachi 2004, 2006). In 
con trast, fewer stud ies have con sid ered whether income inequal ity within neigh
bor hoods or small local areas (e.g., tracts, com mu ni ties, parishes) mat ters for pop
u la tion health.

The few stud ies that con sid ered small local areas found lit tle evi dence that pop
u la tion health was pat terned by local inequal ity, espe cially for mor tal ity as an out
come. A Dan ish study found that income inequal ity in parishes was not asso ci ated 
with mor tal ity after adjusting for indi vid ual risk fac tors, but con cluded that this was 
most likely a result of Denmark’s strong wel fare sys tem (Osler et al. 2002). Similarly, 
largescale crosssec tional data from New Zealand revealed no asso ci a tion between 
inequal ity in cen sus sub re gions and mor tal ity (Blakely et al. 2003). Income inequal ity 
within coastal com mu ni ties in Brit ish Colum bia was also unas so ci ated with mor tal ity 
within those com mu ni ties (Veenstra 2002). And in Japan, only a weak crosssec tional 
asso ci a tion between income inequal ity and mor tal ity was seen at the pre fec ture level 
(Shibuya et al. 2002), while a study of inequal ity in Swiss munic i pal i ties found that 
it was actu ally asso ci ated with lower mor tal ity (CloughGorr et al. 2015). Lastly, a 

1 “Direct effects” refer to recent effects that are not medi ated by our observed timevary ing medi a tors. In 
con trast, “indi rect effects” operate through observed medi a tors. A lim i ta tion of this ter mi nol ogy is that the 
existing lit er a ture offers but a blurry bound ary between direct and indi rect. For exam ple, if social com par
i sons were observed over time, they can be treated as a medi a tor as well. However, for the o ret i cal rea sons, 
we theorize social comparisons as part of a direct effect—stud ies have not established an inde pen dent 
effect of social com par i sons on mor tal ity out side of stud ies of inequal ity, while numer ous stud ies have 
iden ti fied the effects of our observed set of poten tial medi a tors (e.g., fam ily and neigh bor hood inequal ity).
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lon gi tu di nal study within the U.S. con text reported no asso ci a tion between mor tal ity 
and inequal ity in counties between the mid1970s and late 1980s (Fiscella and Franks 
1997). Theoretically, it is pos si ble that inequal ity within local com mu ni ties is not det
ri men tal (e.g., for social cohe sion or rel a tive dep ri va tion) com pared with inequal ity 
at broader scales (Franzini et al. 2001; Subramanian and Kawachi 2004; Wilkinson 
and Pickett 2006). It could also be that, even net of mean lev els of advan tage, there 
are pos i tive spill overs within local areas of hav ing more advan taged neigh bors that 
nul lify neg a tive con se quences of inequal ity (Jencks and Mayer 1990:118).2 Taken 
together, these stud ies point to the fol low ing null hypoth e sis: income inequal ity in 
U.S. cen sus tracts3 is not asso ci ated with indi vid ual mor tal ity (Hypothesis 1A).

Alternatively, local inequal ity could shape mor tal ity. To under stand whether this is 
the case, it is essen tial to mea sure indi vid uallevel char ac ter is tics and indi vid uallevel 
mor tal ity directly. Failing to do so ren ders indi vid uallevel infer ence vul ner a ble (Gravelle 
1998).4 Estimating such effects using solely aggre gatelevel data is also prob lem atic when 
the dis tri bu tion of epi de mi o log i cal risk fac tors is pro foundly dif fer ent between the pop u
la tions affected (Hernán 2012) or when treat ment effects are het ero ge neous (Xie 2013). 
Since most stud ies of the inequal ity–health link employ aggre gate data (Macintyre et al. 
2002; Neckerman and Torche 2007; Truesdale and Jencks 2016), it remains unknown 
whether neigh bor hood income inequal ity could increase the risk of mor tal ity.

In under stand ing the inequal ity–mor tal ity link, it is pos si ble that the impli ca tions 
of local inequal ity are indi rect. For exam ple, if local income inequal ity lim its socio
eco nomic gains in that area by fail ing to attract businesses or offer ing fewer rel e vant 
ser vices, and socio eco nomic dis ad van tage increases mor tal ity risk, then the effects 
of inequal ity on mor tal ity risk may be medi ated by abso lute dis ad van tage. There is 
cur rently no con sen sus on whether res i den tial mobil ity is selected on fac tors related 
to health, such as abso lute advan tage, in ways that would bias esti ma tes of place 
effects (Geronimus et al. 2014), such as inequal ityeffects. However, the poten tial 
for indi rect effects should be ana lyzed with care because they could in the ory also be 
con found ers (e.g., if indi vid u als with lower socio eco nomic sta tus are more likely to 
be selected into unequal neigh bor hoods). Since such con found ers may also be medi
a tors of an indi rect effect of inequal ity on mor tal ity, as discussed above, they should 
not be overcontrolled. Although tra di tional indi vid uallevel lon gi tu di nal data ana ly
ses in health research lever age repeated obser va tions to account for fixed (Beckfield 
2004) or lagged effects (Blakely et al. 2000; Daly et al. 2001; Subramanian and 
Kawachi 2006), these strat e gies over con trol for indi rect effects and may lead to bias 

2 Some schol ars argue that inequal ity can be ben e fi cial when it leads to some afflu ence in oth er wise 
homo ge neously poor neigh bor hoods. This can intro duce pos i tive spill overs for infra struc ture and ser vices 
(Joseph et al. 2007; Nandi et al. 2006; Wilson 1987) or lead to pos i tive net work effects on health behav iors 
(Fan et al. 2016).
3 Census tracts are small county sub di vi sions designed to approx i mate neigh bor hoods (Bischoff and Reardon 
2014). While tracts are not inter change able with neigh bor hoods, we proxy local inequal ity using tract inequal
ity because tracts are the smallest unit of anal y sis for which nation ally rep re sen ta tive cen sus data are avail  able 
with com pa ra ble bound aries and var i ables over time. There are cur rently around 73,000 tracts, with roughly 
4,200 fam i lies in each.
4 According to Gravelle (1998), pos i tive cor re la tion between pop u la tion mor tal ity and inequal ity can arise 
at aggre gate even if inequal ity has no effect on indi vid ual risk of mor tal ity if the rela tion ship between 
income and health is non lin ear (an exam ple of the “eco log i cal fal lacy”).
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(Wodtke et al. 2011).5 We use mar ginal struc tural mod els (MSM) to pseudorandomize 
sequences of expo sure to inequal ity rel a tive to other timevary ing covariates as well 
as regres sionadjusted mod els.6 In turn, we hypoth e size that: local inequal ity could 
indi rectly increase the risk of mor tal ity (Hypothesis 1B).

Lastly, neigh bor hood inequal ity could directly shape mor tal ity, via at least two 
the o ret i cal mech a nisms. The first is social com par i son (i.e., rel a tive dep ri va tion), 
which refers to the idea that indi vid u als aim to “rank high in com par i son with the 
rest of com mu nity in point of pecu ni ary strength” (Veblen 1899:39–40). If, how ever, 
indi vid u als do not con sider them selves as “rank ing” favor ably to their rel e vant com
par i son group, this may lead to socalled “sta tus anx i ety.” Status anx i ety and lower 
sub jec tive socio eco nomic posi tion are believed to increase stress lev els and chronic 
inflam ma tion (Layte et al. 2019) and have been widely asso ci ated with adverse con
se quences for health and mor tal ity, includ ing poor selfrated health (Ostrove et al. 
2000), obe sity (Goodman et al. 2003), depres sion (Kahn et al. 2000; Muramatsu 
2003), and car dio vas cu lar ill ness (SinghManoux et al. 2003; Tang et al. 2016). Pro
ponents of the sta tus com par i sons hypoth e sis gen er ally assume that the lat ter explain 
the link between soci e tal inequal ity—for exam ple, in terms of incomes—and health 
(Wilkinson and Pickett 2006, 2010). In line with this hypoth e sis, stud ies have indi
cated that local inequal ity diminishes wellbeing, reduces selfreported hap pi ness 
(Alderson and KatzGerro 2016; Firebaugh and Schroeder 2009), and induces anx
i ety (Hildebrand and Van Kerm 2009), as well as mor bid ity (LeClere and Soobader 
2000; Massing et al. 2004; Soobader and LeClere 1999). If inequal ity exac er bates 
chronic stress through these means, it is rea son able to expect a host of impli ca tions, 
includ ing for mor tal ity. The many path ways through which stress leads to mor bid ity 
and mor tal ity are only begin ning to be under stood, but stress com pro mises immune 
and car dio vas cu lar sys tems to such an extent, and increases vul ner a bil ity to so many 
dis eases, that it has been lik ened to more rapid aging (Wilkinson and Pickett 2010). 
While some under stand ings of “class” are rel a tive to wider soci ety, stress due to com
par ing and being com pared is also likely to occur in local areas, mean ing that local 
inequal ity could the o ret i cally increase mor tal ity risk.

Second, inequal ity may be socially cor ro sive. Social cor ro sion refers to the ero
sion of rela tions or expec ta tions within groups as well as of social and col lec tive 
resources (Kawachi et al. 1999; Neckerman and Torche 2007). Inequality could be 
socially cor ro sive in local con texts by reduc ing social cohe sion and civic engage ment, 
which are nec es sary to cre ate and sus tain pub lic goods and resources, within local 
areas (Kawachi et al. 1999; Nandi et al. 2006). Weaker com mu nity life, less trust, and 
less civic engage ment reduce the abil ity of local areas to pro vide pub lic goods and 
resources that are pro tec tive to health (Kawachi et al. 1999). This in turn shapes mor
tal ity risk; for instance, local areas can dif fer in their pro vi sion of car dio pul mo nary 
resus ci ta tion in outofhos pi tal car diac arrests (Iwashyna et al. 1999) or in engage ment 

5 The asso ci a tion between intragenerational changes in income and occu pa tion and local inequal ity 
requires fur ther research. However, since causal impli ca tions are plau si ble in both direc tions (dynamic 
selec tion), our meth od ol ogy ensures that the esti ma tes of the inequal ity–mor tal ity link are robust to these 
pro cesses.
6 The exis tence of indi rect effects would explain why stud ies have found no rela tion ship between local 
inequal ity and mor tal ity, but con tra dicts the idea that local inequal ity does not mat ter.
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with pub lic infra struc ture in reporting haz ard ous or unsafe envi ron ments (Sampson 
and Raudenbush 2001). Neighborhood cor ro sion can not only reduce social engage
ment, increase the risk of acci den tal death, and weaken com mu nity life (Wilkinson 
and Pickett 2010), it can also trig ger hos til ity and vio lence, which are espe cially rel e
vant in local areas, between indi vid u als who are in close prox im ity (Lynch et al. 2004; 
Messner et al. 2004; Ross et al. 2001; Wilkinson and Pickett 2010). Overall, these 
ideas sug gest that: liv ing in U.S. cen sus tracts with greater income inequal ity increases 
mor tal ity directly (Hypothesis 1C).

To sum ma rize, Hypothesis 1A pres ents a null hypoth e sis in which local inequal ity 
does not mat ter, as many observ ers have con cluded. Hypothesis 1B pres ents an alter
na tive hypoth e sis in which inequal ity can caus ally but indi rectly increase mor tal ity 
(dynamic selec tion). In test ing for these hypoth e ses, we improve upon existing stud
ies by dif fer en ti at ing between indi rect (Hypothesis 1B) and null effects (Hypothesis 
1A) and newly con sider whether local inequal ity could directly increase mor tal ity 
risk in other ways—such as through social com par i son or neigh bor hood cor ro sion 
(Hypothesis 1C).7

Data and Methods

This study con sid ers the con se quences of inequal ity for mor tal ity among respon dents 
of the Panel Study of Income Dynamics, using data from the 1970–1997 annual sur
vey waves. As the lon gestrun ning lon gi tu di nal sur vey of its kind, the PSID allows 
for almost three decades of fol lowup on neigh bor hood inequal ity, dur ing the same 
period when income inequal ity increased in the United States. Our pri mary aim is to 
deter mine whether neigh bor hood inequal ity increases indi vid ual risk of mor tal ity. In 
sen si tiv ity ana ly ses, we con sider dif fer en tial vul ner a bil ity to inequal ity by assessing 
whether neigh bor hood con texts may mat ter more for the less advan taged (Daly et al. 
1998; Dowd et al. 2011; Kahn et al. 2000), and we dis cuss whether find ings are age 
sen si tive by repeat ing ana ly ses for older indi vid u als. Analyses are not repeated for 
youn ger indi vid u als because there are not enough cases of mor tal ity for these sam ples.

Analytic Sample

We com bine data from the PSID and the GeoLytics Neighborhood Change Database 
(NCDB) (GeoLytics 2003). The PSID was first conducted in 1968 on a national sam
ple of around 4,800 fam i lies.8 These fam i lies, together with new fam i lies formed by 

7 Evidence to sup port dynamic selec tion sug gests that indi rect effects play a crit i cal role in explaining the 
effects of inequal ity but does not rule out direct effects. Lack of evi dence of dynamic selec tion also does 
not nec es sar ily imply lack of direct effects of inequal ity. Finally, note that we do not attempt here to dis
en tan gle the social cor ro sion and rel a tive dep ri va tion argu ments, but we pro vide both as intu i tion for why 
direct effects might exist.
8 The PSID oversampled lowincome fam i lies. If the goal of the ana ly ses were to gen er ate descrip tive sta
tis tics that are rep re sen ta tive of the sur vey pop u la tion, then sur vey weights would be nec es sary. However, 
since our main goal is to esti mate the mod er ated effects of inequal ity, we do not use sur vey weights. In 
these ana ly ses, sam pling weights are unnec es sary and inef fi cient, because the mod els already suf fi ciently 
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sam ple mem bers over time, were interviewed annu ally between 1968 and 1997 and 
bien ni ally there af ter. Data on neigh bor hood con text and other covariates are unavail
able after 1997. The PSID pro vi des a unique oppor tu nity for sub stan tial lon gi tu di
nal ana ly ses, but thus far, fol lowups rarely span an entire life course, and mor tal ity 
before mid life is rare. Thus, we fol low the 4,774 indi vid u als cap tured by the PSID 
from the point at which they were age 45 or older until they died, were lost to fol low
up, or reached admin is tra tive end of fol lowup (the 1997 wave of the PSID).

Individuals are cap tured by roughly 10 fol lowups before mor tal ity, attri tion, or 
end of fol lowup.9 Multivariate ana ly ses account for issues of rightcen sor ing due to 
dif fer en tial attri tion. Results are not sen si tive to the inclu sion ver sus omis sion of cen
sor ing weights. Data on 213 deaths were recov ered from the restricted PSID mor tal
ity files. The mor tal ity file, using sur vey responses and death cer tifi  cate data, contains 
infor ma tion on deaths of all  indi vid u als who were interviewed as part of PSID and 
died after their inclu sion in the study. Here we note that the mor tal ity fol lowup data 
now included in the PSID are rarely used, and to our knowl edge have not been used 
at all  to esti mate the effects of income inequal ity.

Inequality Exposure

Measurements of neigh bor hood inequal ity—the expo sure of inter est—as well as of 
other spa tial covariates used in the study, are derived from the NCDB. The NCDB 
con tains nation ally rep re sen ta tive tractlevel data from the 1970–2000 censuses with 
tract bound aries and mea sures defined con sis tently over time (GeoLytics 2003). First, 
we com pute inequal ity expo sures dur ing cen sus years. Inequality expo sure and other 
con tex tual var i ables for inter cen sal years are cal cu lated using lin ear impu ta tion.10 
When com put ing inequal ity mea sures, we focus on aver age fam ily rather than house
hold income because finan cial depen dents, for instance chil dren, are nested in fam
i lies, whereas house holds some times con tain unre lated adults. Family incomes are 
pro vided by the NCDB as counts within income bins, includ ing an unbounded top 
cat e gory. We impute an upper bound by topcod ing at 10 times the median income,11 
a con ven tional method that gen er ates con ser va tive (lower) esti ma tes of Gini coef fi
cients (Burtless and Jencks 2003). In sen si tiv ity ana ly ses fol low ing the main results, 
we show that results are robust to using other mea sures of inequal ity.

Within each income bin, we impute fam ily incomes from a uni form (unin for ma
tive) dis tri bu tion and cal cu late Gini coef fi cients for each tract in each cen sus year.12 
The Gini coef fi cient is a mea sure of sta tis ti cal dis per sion that rep re sents the income 

con trol for the design var i ables—in this case, fam ily income—on which oversampling occurs (Wodtke 
et al. 2016).
9 For exam ple, although a few indi vid u als who reached age 45 in 1996 were observed only for a year, oth
ers who reached age 45 in 1970 were observed for 27 years (our ana ly ses account for dif fer ences in birth 
cohort and sam ple attri tion).
10 Linear inter po la tion is appro pri ate given the clear sec u lar trend in inequal ity over this period, and the 
neces sity of retaining inter cen sal obser va tions for esti ma tion.
11 Results remain sim i lar even when sub stan tially more con ser va tive (lower) top bounds are imputed.
12 The effects of inequal ity remain sim i lar when means of income bins are assigned to fam i lies within the 
bin, but resul tant Gini coef fi cients are lower because this artificially restricts var i a tion.
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dis tri bu tion of an area’s res i dents, where larger coef fi cients indi cate higher lev els of 
income inequal ity. The aver age Gini coef fi cient over all  tracts in the data is 0.38.13 We 
then divide cen sus tracts into quin tiles14 using the national dis tri bu tion of the inequal
ity coef fi cients and cre ate a timevary ing ordi nal treat ment var i able, coded 1 through 
5, that records the neigh bor hood quin tile in which an indi vid ual resides at each wave. 
Given our sam ple, our study exam ines inequal ity expo sure in adult hood. While the 
longterm effects of local con text dur ing child hood or ado les cence are likely to be 
impor tant because of embeddedness in local con text at an early age (Leventhal and 
BrooksGunn 2000; Wodtke et al. 2011) and the endur ing effects of child hood health 
(Montez and Hayward 2014), our sam ple only cap tures expo sure to inequal ity start
ing in mid dleaged adult hood.

Covariates

Timeinvari ant base line covariates include race, gen der, edu ca tional attain ment, 
birth cohort, and region of birth. Birth cohorts are coded in 10year dummy var i ables 
(1920s, 1930s, and 1940s);15 we expect recent birth cohorts to have lower mor tal ity 
than older birth cohorts (Masters et al. 2012). Findings are robust to dif fer ent group
ings of birth cohort (and remain sim i lar when a con tin u ous mea sure for birth year is 
included instead). Race is coded 1 for Black and 0 for nonBlack, and we expect a 
pos i tive coef fi cient on race (Masters et al. 2014). Gender is coded 1 for female and 0 
for male; we expect a neg a tive coef fi cient (BeltránSánchez et al. 2015). Educational 
attain ment is cat e go rized as less than high school, high school grad u ate, and at least 
some col lege, where we expect a neg a tive asso ci a tion between edu ca tional attain
ment and mor tal ity (Link and Phelan 1995). Geographic regions con sist of six cen sus 
regions (New England, MidAtlan tic, Midwest, South, Southwest, and West), where 
we expect a pos i tive coef fi cient on the indi ca tor for South (Fenelon 2013).

Timevary ing indi vid uallevel covariates in this anal y sis, mea sured at each wave 
k, include employ ment sta tus and total fam ily income. Given the impor tance of socio
eco nomic sta tus as a fun da men tal cause of health, it is espe cially impor tant to con
trol for the effects of income and employ ment on mor tal ity (Link and Phelan 1995; 
Miech et al. 2011). Employment sta tus is coded as a threecat e gory dummy var i able, 
with categories indi cat ing full employ ment, any unem ploy ment in the pre vi ous year, 
and lack of pres ence in the work force (e.g., no lon ger searching, retired). Income is 
mea sured as the log trans for ma tion (com monly used on skewed dis tri bu tions such as 
income dis tri bu tions) of the sum of tax able income of the fam ily head, part ner, and 

13 The fiveyear 2006–2010 Gini index for the United States as a whole is 0.467, and countylevel Gini 
indi ces ranged from 0.64 to 0.21 (Bee 2012). Given that tracts are designed to be more homo ge neous, 
and given recent increases in inequal ity, the derived dis tri bu tion of tractlevel Gini indi ces in this paper is 
rea son able.
14 MSM esti ma tion requires dichot o mi za tion as IPT esti ma tes per form poorly with con tin u ous treat ments. 
We fol low Wodtke et al. (2011) in tak ing a fivelevel treat ment in the main results. In addi tion, although 
stron ger effects are found when more than five categories are used, we limit expo sure to neigh bor hood 
inequal ity to five lev els for the sake of inter pret abil ity.
15 Results are robust to whether a hand ful of indi vid u als born in 1950–1952 are included in the 1940s 
cohort or given their own cat e gory.
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other fam ily mem bers earned over the past year, reported in terms of 2010 dol lars 
using the Consumer Price Index (CPIU).16

Timevary ing spa tial covariates from cen sus data are also included because neigh
bor hood inequal ity is likely cor re lated with other con tex tual fac tors that could drive 
mor tal ity (Huie et al. 2002). We include mean neigh bor hood fam ily income (reported 
as a logtrans for ma tion and in terms of 2010 dol lars); the racial com po si tion of tracts 
in terms of pro por tion of Black res i dents, which is some times argued to be det ri men
tal to health (Deaton 2001; McLeod et al. 2004); and total tract pop u la tion to proxy 
health and epi de mi o log i cal dif fer ences between met ro pol i tan and non met ro pol i tan 
areas (McLaughlin et al. 2001). Dummy categories account for any itemspe cific 
non re sponse, but results are sim i lar when we sim ply drop miss ing obser va tions as 
non re sponse is rare.

Estimation

Marginal struc tural mod els are a class of mod els17 used for the esti ma tion, from obser
va tional data, of the causal effect of a timedepen dent expo sure in the pres ence of 
timedepen dent covariates that may be simul ta neously con found ers and medi a tors of 
the effect. The param e ters of MSM mod els can be esti mated using inverse prob a bil ity 
of treat ment (IPT) weighted esti ma tors. IPT weighting is a tech nique for cal cu lat ing 
sta tis tics stan dard ized to a pop u la tion, in this case a coun ter fac tual pop u la tion that bal
ances treat ment assign ment across prior con found ers by giv ing more (or less) weight 
to indi vid u als with covariate his to ries that are under rep re sented (or over rep re sented) 
in their cur rent treat ment group. In the weighted pseudopopulation, treat ment at each 
wave is inde pen dent of timevary ing con found ers; in other words, expo sure to dif fer
ent neigh bor hood con texts behaves as if it were sequen tially ran dom ized with respect 
to prior observed covariates.

MSM esti ma tion has been suc cess fully applied to ques tions using PSID data, for 
exam ple, the effect of neigh bor hood dis ad van tage on high school com ple tion (Wodtke 
et al. 2011), but has not been applied to stud ies of inequal ity and health. For a review 
of the lim i ta tions of con ven tional regres sionbased esti ma tes of timevary ing expo
sures with adjust ments for timevary ing covariates, see Wodtke et al. (2011). Essen
tially, con trol ling for timevary ing covariates both (1) removes the causal effect of 
prior expo sures through timevary ing covariates (Sampson et al. 2002) and (2) intro
duces pos si ble bias in the esti ma tion of effects of expo sure con found ers (Greenland 
2003; Pearl 2009). MSM esti ma tion avoids these issues by reweighting obser va tions 
on the basis of the dis tri bu tion of expo sures among dif fer ent covariate lev els rather 
than by strat i fy ing ana ly ses by covariates.

Below, we use the coun ter fac tual frame work to for mally define the mod er ated 
expo sures of inter est. Let the sequence of observed or poten tial inequal ity expo
sures (treat ment var i ables) expe ri enced through wave k for a given indi vid ual be 

16 Results are not sen si tive to the use of 2010 dol lars ver sus raw dol lars unad justed for infla tion.
17 They are “mar ginal” because they model the mar ginal dis tri bu tion of poten tial out comes and “struc
tural” because causal mod els are referred to as struc tural in the treat menteffects lit er a ture (Robins et al. 
2000; Wodtke et al. 2011).
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ak = (a1, . . . ,  ak), where ak rep re sents the expo sure tra jec tory up to wave k. For each 
sub ject, base line is defined to be the PSID wave, indexed by k ∈{0,1, . . . ,  K}, in 
which a sub ject is first observed. Let Yak be a binary indi ca tor for mor tal ity at wave 
k given sur vival up to wave k and an (either observed or coun ter fac tual) expo sure 
tra jec tory. We wish to esti mate the effect of one expo sure tra jec tory ak   com pared to 
another pos si ble tra jec tory ak' , given by

 E(Yak −Yak' ) = E(Yak )− E(Yak' ) = P(Yak = 1)− P(Yak' = 1),  (1)

where P(Yak = 1) is the prob a bil ity of mor tal ity in wave k given tra jec tory ak , and 
P(Ya'k = 1) is the anal o gous prob a bil ity given the alter na tive tra jec tory ak' .

Thus, we fol low Wodtke et al. (2011) and South and Crowder (2010) in tak ing 
a par si mo ni ous spec i fi ca tion of dura tionweighted expo sure by aver ag ing ordi nal 
wavespe cific treat ments up to wave k:

 logit P(Yak=K = 1)( ) = θ0 + θ1 k =1

K(∑ a k / K ), (2)

where K indi cates the num ber of fol lowups in which the expo sure is observed for a 
given per sontime obser va tion. To esti mate recent effects of expo sure, we con sider

  logit P(Yak =K = 1)( ) = θ0 + θ1aK ,  (3)

where the prob a bil ity of mor tal ity at wave k = K is only a func tion of most recent 
expo sure. These equa tions are mar ginal struc tural mod els.

Note that the effects of expo sure are iden ti fi able only if we assume that at each 
wave, expo sure is ran dom (inde pen dent from poten tial out comes) given observed 
covariates and expo sure his to ries (the ignorability assump tion):

 Yak ⊥ Ak | Lk ,A
−
k −1,  (4)

where Lk  rep re sents observed covariate his tory up to wave k. Let Ak ∈{1,2, . . . ,  5} 
encode the his tory of expo sure sta tus at the kth wave since start of fol lowup, such 
that Ak = 1 denotes res i dence in the first quin tile, or tracts with the most homo ge neous 
fam ily income dis tri bu tions, and Ak = 5 denotes res i dence in the fifth quin tile, or the 
most unequal tracts. Ak −1 encodes expo sure his tory up to wave k−1.

To esti mate the effects of the expo sure, the con ven tional regres sionadjusted 
approach involves fit ting a dis cretetime logit model of the form

 logit P(YK = 1|Yk −1 = 0,  A−k ,  Lk ))( = α0(k)+ u(A−k )+#(Lk ),  (5)

where α0(k) are wavespe cific inter cept terms, u(Ak ) are param e ter i za tions of expo
sure his to ries, and #(Lk) are param e ter i za tions of con founder his to ries. In our ana ly
ses, we sim ply con sider most recent expo sure and con founder val ues in esti mat ing 
regres sionadjusted esti ma tes of inequal ity. However, given the known lim i ta tions of 
these approaches, we also weight by IPT to esti mate the mar ginal effects of expo sure 
to inequal ity.

When using IPTweighted esti ma tors, treat ment at each wave is inde pen dent to 
prior con found ers. Conditioning on covariate his tory, there fore, is no lon ger nec es
sary because the weights achieve ran dom i za tion (an unad justed regres sion model 
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that excludes timevary ing covariates can be fit to esti mate mar ginal effects). MSM 
coef fi cients can be interpreted as the impli ca tions of expo sure given that the sequence 
of expo sure is no lon ger related to other timevary ing covariates. It is impor tant to 
clar ify that MSMs with IPT weights make the same assump tions on no confounding 
as regres sion tech niques. However, MSMs relax addi tional unre al is tic assump tions 
about timevary ing covariates made by regres sions. As a sep a rate issue, we cor rect 
for poten tial non ran dom attri tion using weights. All ana ly ses use sta bi lized weights 
anal o gous to those derived for selec tion into treat ment but adjusting for dif fer en tial 
prob a bil ity of remaining in the study through the end of fol lowup (Robins et al. 
2000). For more infor ma tion on the con struc tion of IPT and attri tion weights, please 
refer to the tech ni cal online appen dix. Finally, when we report results of MSMs, we 
use stan dard errors esti mated from 1,000 boot strap sam ples.

There are sev eral pos si ble out comes for these ana ly ses. First, if nei ther regres sion
adjusted nor MSM esti ma tes on any expo sure are sig nifi  cant, then there is no evi dence 
that local inequal ity mat ters net of indi vid ual and local char ac ter is tics (supporting 
Hypothesis 1A). Second, if MSM and regres sionadjusted esti ma tes on recent expo sure 
are sig nifi  cant, this pro vi des the stron gest evi dence that local inequal ity can directly 
increase mor tal ity risk, because the inequal ity–mor tal ity link is not nec es sar ily driven in 
part by indi rect effects and selec tion on timevary ing covariates (supporting Hypothesis 
1C). Third, if the MSM esti ma tes on dura tionweighted expo sures are also sig nifi  cant 
(or if only MSM esti ma tes are sig nifi  cant), timevary ing covariates are likely both con
found ers and medi a tors (Wodtke 2013; Wodtke et al. 2011), and indi rect effects are an 
essen tial part of the story (supporting Hypothesis 1B).

Results

Descriptive sta tis tics for covariates are given sep a rately by birth cohort in Table 1. 
Individuals were followed from base line (the wave in which they were approx i ma
tely 45 years old) until death, attri tion, or 1997. This means that indi vid u als born in 
the 1920s were followed for an aver age of 20.25 years and up to 27 years (between 
the 1970 and 1997 waves of the PSID); indi vid u als born in the 1930s were followed 
on aver age for 15.07 years (and up to 22 years between 1975 and 1997 waves); and 
indi vid u als born in the 1940s (or up to 1952) were followed on aver age for 4.89 years 
(and up to 12 years between the 1985 and 1997 waves). The data cap ture 115, 77, 
and 21 cases of mor tal ity among indi vid u als born in the 1920s (n = 894), the 1930s 
(n = 1,123), and the 1940s (n = 2,757), respec tively. The aver age ages at death were 
72.91, 66.94, and 57.39 years, respec tively. Naturally, the more recent cohort had not 
had an oppor tu nity to expe ri ence mor tal ity in the older ages. Birth cohorts were sim
i lar in gen der com po si tion, though later cohorts had a greater pro por tion of Whites 
and higher edu ca tional attain ment, and were more likely to live in the South. All later 
ana ly ses adjust for dif fer ences in base line covariates.

Timevary ing var i ables (income, employ ment, and neigh bor hood char ac ter is tics) 
were reported over per sonyear obser va tions. Individuals in later cohorts were more 
likely to be in the work force, typ i cally had higher fam ily incomes, and were more 
likely to live in more advan taged neigh bor hoods with higher pop u la tions. The racial 
com po si tion of neigh bor hoods appeared sim i lar across cohort sub sam ples.
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Inequality Exposure Patterns

Although tracts are delin eated to be rel a tively socio eco nom i cally homo ge neous, 
there remains sub stan tial tractlevel inequal ity, as well as var i a tion in such inequal ity. 
Gini coef fi cients aver aged 0.38 with a stan dard devi a tion of 0.06 (and the dis tri bu tion 
over all  per sonwave obser va tions was approx i ma tely nor mal).

This study esti ma tes the effects of expo sure to inequal ity using an ordi nal quin tile 
var i able, where the first quin tile cor re sponds to the least unequal neigh bor hoods, and 
the fifth quin tile cor re sponds to the most unequal neigh bor hoods. The ranges of Gini 
coef fi cients that fall into each ordi nal bin are presented in Table 2.

The cut offs for the ranges are cal cu lated using all  per sonwave obser va tions, 
where coef fi cients of 0 and 1 indi cate min i mum and max i mum pos si ble inequal
ity. Note that Table 2 con tra dicts the idea that neigh bor hoods are too homo ge neous 
for there to be a detect able effect on health or mor tal ity, which has some times been 
suggested (Franzini et al. 2001; Subramanian and Kawachi 2004; Wilkinson and 

Table 1 Sample char ac ter is tics by birth cohort, Panel Study of Income Dynamics and Neighborhood 
Change Database

Birth Cohort

Covariate 1920–1930 1930–1940 1940–1952 Full Sample

Baseline Covariates
 Educational attain ment
  Less than high school 43.39 37.78 17.82 25.21
  High school 37.19 37.31 36.23 36.60
  More than high school 19.42 24.91 45.95 38.19
 Gender
  Male 44.85 42.21 48.31 46.23
  Female 55.15 57.79 51.69 53.77
 Race
  Black 31.43 37.43 27.17 30.33
  White 68.57 62.57 72.83 69.67
 Southern 32.92 36.41 38.26 37.05
TimeVarying Covariates
 Log fam ily income 10.78 10.84 11.01 10.87
 Employment
  Employed 60.79 66.12 78.66 67.53
  Unemployed 6.93 7.63 6.97 7.18
  Not in work force 32.28 26.25 14.37 25.29
 Neighborhood pop u la tion 3,709 3,906 4,134 3,897
 Neighborhood log fam ily income 10.97 10.99 11.14 11.03
 Neighborhood pro por tion Black 0.21 0.24 0.20 0.22
Mortality
 Number of fol lowups 20.25 15.07 4.89 10.16
 Number of observed deaths 115 77 21 213
 Ageatdeath 72.91 66.94 57.39 67.46
N 894 1,123 2,757 4,774

Sources: 1970–1997 annual waves of the Panel Study of Income Dynamics and the Neighborhood Change 
Database.
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Pickett 2006). Income inequal ity in the United States, mea sured by the Gini coef fi
cient, ranged between 0.43 and 0.60 in the most unequal neigh bor hoods. The lat ter is 
similar to lev els of income inequal ity in the most unequal U.S. states.18

Exposure Weights

Stabilized IPT weights adjust for the dynamic and recur sive rela tion ship between neigh
bor hood inequal ity expo sure, where the expo sure both influ ences and is influ enced 
by timevary ing covariates. We also com pute sta bi lized attri tion weights to adjust for 
non ran dom loss to fol lowup. Weights are trun cated at the first and 99th per cen tiles to 
improve effi ciency and avoid dis pro por tion ate influ ence from out ly ing obser va tions 
(Cole and Hernán 2008; Sharkey and Elwert 2011). Table 3 shows descrip tive sta tis
tics for the sta bi lized IPT, attri tion, and final weights used in the main ana ly ses. The 
weights presented are wellbehaved as they are cen tered around 1 and exhibit small 
var i ances. The attri tion weights exhibit sim i lar desir able prop er ties.

Inequality Effects Estimates

Table 4 shows unad justed, con ven tional regres sionadjusted, and sta bi lized IPT
weighted esti ma tes for the effect of recent expo sure to dif fer ent neigh bor hood 
inequal ity con texts on the prob a bil ity of mor tal ity (coef fi cients on other var i ables are 
presented in Table A1, online appen dix). Unadjusted mod els are esti mated using a 
logis tic regres sion predicting mor tal ity while includ ing only base line covariates as 
con trols. We observe an asso ci a tion between neigh bor hood inequal ity and mor tal
ity in unad justed mod els, but these could be driven by timevary ing con found ers. 
Regressionadjusted mod els are esti mated using logis tic regres sions predicting mor
tal ity con di tion ing on base line covariates and timevary ing covariates. These mod
els indi cate that expo sure to local inequal ity con trib utes to mor tal ity, con trol ling for 

18 Income inequal ity ranges from 0.48 to 0.52 in the 10 most unequal states (U.S. Census Bureau 2017).

Table 2 Neighborhood inequal ity indi ces

Inequality Exposure Quintile Range

Quintile
 First (least unequal) 0.07–0.32
 Second 0.32–0.35
 Third 0.35–0.39
 Fourth 0.39–0.43
 Fifth (most unequal) 0.43–0.60
Number of Observations 4,744

Note: Data show approximately 48,510 per sonwave obser va tions on the individuals observed in the ana
lytic sample. Inequality expo sures are in terms of Gini coef fi cients, cal cu lated at the tract level.
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timevary ing covariates. Finally, we esti mate the effects of expo sure to neigh bor hood 
inequal ity using mar ginal struc tural mod els with inverse prob a bil ity of treat ment 
and attri tion weights. The coef fi cients in Table 4 are the increase in the logodds of 
mor tal ity.

Looking at the IPTweighted results, the odds of mor tal ity in any wave increase by 
about exp(0.71) = 2.03 times for indi vid u als who are exposed to the sec ond quin tile of 
neigh bor hood inequal ity rel a tive to the first quin tile. The odds of mor tal ity increase 
by approx i ma tely exp(0.67) = 1.95 times for indi vid u als who are exposed to the fifth 
quin tile rel a tive to the first quin tile. There are also effects of expo sure to the fourth 
quin tile rel a tive to the first quin tile—an increase in logodds of mor tal ity of 0.75. The 
effects of inequal ity on mor tal ity risk appear to be nonmonotonic, and we dis cuss this 
pat tern fur ther in the Discussion.

All three mod els in Table 4 show sig nifi  cant effects of neigh bor hood inequal
ity. Thus, Hypothesis 1A (a null effect) is unsup ported by these ana ly ses. In addi
tion, results of regres sionadjusted and MSM esti ma tes on recent expo sure sup port 
Hypothesis 1C (of direct effects of recent inequal ity on mor tal ity), which are robust 
to selec tion on timevary ing covariates such as abso lute socio eco nomic sta tus (SES). 
We did not find sup port for Hypothesis 1B (of indi rect effects that are medi ated by 
observed timevary ing covariates that are also con found ers). The ana ly ses on the 
dura tionweighted expo sures, which had very lit tle effect on mor tal ity, are shown in 
Table 5.

Coefficients on the con trol covariates (see Table A1, online appen dix) show that 
birth cohort, gen der, edu ca tion, and employ ment affect mor tal ity risk. Unsurprisingly, 
being female, being in a more recent cohort, hav ing at least a high school edu ca tion, 
and being in the work force are pro tec tive against mor tal ity. Race was unpredictive 
of mor tal ity net of the other covariates.19 Outside of local inequal ity, we dis cov ered 
that neigh bor hood char ac ter is tics, such as aver age fam ily income, the pro por tion of 
Black res i dents, and geo graphic area (the indi ca tor for liv ing in a Southern state), did 
not have an asso ci a tion with mor tal ity. Given the strong role of the impact of abso
lute socio eco nomic sta tus, race, and eth nic ity for mor tal ity in neigh bor hood effects 
research, we fur ther dis cuss the effects of race and SES for the inequal ity–mor tal ity 
link in sen si tiv ity ana ly ses.

19 When we removed the indi ca tor for Southern state and the indi ca tors for SES (i.e., fam ily income, edu
ca tion, inequal ity), then being Black raises the risk of mor tal ity.

Table 3 Stabilized treat ment and attri tion weights

Percentile

Weight Mean SD 1st 25th 75th 99th

Stabilized Treatment Weight (SW) 1.00 0.05 0.64 0.99 1.01 1.69
Stabilized Attrition Weight (CW) 1.00 0.05 0.76 1.00 1.00 1.26
SW  ×  CW 0.99 0.07 0.56 0.99 1.01 1.58

Note: Descriptive sta tis tics are for sta bi lized IPT, attri tion, and final weights, cal cu lated over n = 45,174 
per sonwave obser va tions on 4,459 indi vid u als pres ent in the 1970–1997 annual waves of the PSID.
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Table 4 Logistic mod els of mor tal ity by neigh bor hood inequal ity expo sure, using three strat e gies of 
adjusting for selec tion

Gini Unadjusted RegressionAdjusted IPTWeighted

First — — —
Second 0.83*** 0.72** 0.71**
 (0.24) (0.25) (0.25)
Third 0.52 0.37 0.46
 (0.26) (0.27) (0.26)
Fourth 0.73** 0.51* 0.75**
 (0.25) (0.26) (0.26)
Fifth 0.60* 0.38 0.67*

(0.26) (0.27) (0.27)

Notes: Effects are logodds ratios of mor tal ity risk. Positive coef fi cients indi cate increased risk. All mod
els adjust for base line covariates: birth cohort, race, gen der, south ern region, and edu ca tional attain ment. 
Timevary ing covariates are employ ment, fam ily income, neigh bor hood aver age fam ily income, neigh bor
hood pop u la tion size, and neigh bor hood pro por tion Black. The first model does not adjust for timevary ing 
covariates; the sec ond model includes timevary ing covariates as regres sion con trols; and the third model 
uses timevary ing covariates to inform IPT weights.

*p < .05; **p < .01; ***p < .001 (for twosided tests of no effect)

Sensitivity Analysis

The fore go ing results were robust to var i ous spec i fi ca tions of the func tional forms 
of the regres sions used to esti mate the inverse prob a bil ity of treat ment weights (see 
Eq. (6) in the tech ni cal online appen dix). Models with non lin ear trans for ma tions 
and sec ondorder terms on con tin u ous var i ables, dif fer ent group ings of cat e gor i cal 
var i ables, and inter ac tions led to sim i lar results. Since these per mu ta tions did not 
sub stan tively alter the results, we report mod els using low estorder terms and omit 
inter ac tions for inter pret abil ity and par si mony. As an addi tional robust ness check, 
we use gen er al ized boosted mod els to esti mate IPT weights. We pro vide the results 
of this sen si tiv ity anal y sis in Table A2 (online appen dix).

This strat egy led to results that were sub stan tively sim i lar to the main results, 
which used logis tic regres sion, in which the sec ond, fourth, and fifth inequal ity quin
tiles pre dict higher risk of mor tal ity com pared with the low est inequal ity quin tile. 
Further ana ly ses are nec es sary to under stand this nonmonotonic pat tern. We spec
u late that if rel a tive dep ri va tion operates more strongly at lower lev els of income 
inequal ity, while social cor ro sion and mech a nisms related to vio lence, acci dents, or 
phys i cal haz ards operate more strongly at higher lev els of income inequal ity, this 
could pro duce nonmonotonicity. Thus, we sug gest that future research should fur ther 
inter ro gate the role of social cor ro sion and/or social com par i son mech a nisms. Our 
con tri bu tion is to show that income inequal ity has an effect on mor tal ity that is not 
driven by medi a tion through observed mor tal ity risks, such as mea sures of abso lute 
SES, and that is robust to var i ous meth ods of esti mat ing the IPT weights.

To assess the sen si tiv ity of ana ly ses to our choice of ana lytic sub sam ple, we con
duct sev eral addi tional ana ly ses to con sider the effects of abso lute SES, race, and 
age on the rela tion ship between recent inequal ity and mor tal ity. First, we con duct 
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ana ly ses of recent inequal ity expo sure sep a rately for those who are above and below 
aver age at base line when com par ing to their local SES. Figure A1 (online appen
dix) shows the predicted prob a bil ity of mor tal ity (vary ing SES and inequal ity while 
hold ing other covariates at their mean or modal categories). There remains a sig nif
i cant neg a tive effect of income inequal ity on mor tal ity regard less of abso lute SES. 
We rec om mend that future stud ies con sider the ways in which income inequal ity has 
an effect on mor tal ity that goes beyond rel a tive dep ri va tion argu ments (i.e., through 
social cor ro sion).

When repeat ing the ana ly ses sep a rately for White and for Black respon dents, we 
find pat terns in the rela tion ship between recent income inequal ity and mor tal ity for 
White respon dents that are sim i lar to those for the sam ple as a whole. The effects of 
inequal ity were not sta tis ti cally sig nifi  cant for Black respon dents (Table A3, online 
appen dix). We spec u late that this could be due to a truly weaker con nec tion between 
local income inequal ity expo sure and mor tal ity among Black respon dents, more var i a
tion in income inequal ity among White respon dents, dif fer ent covari ance between SES 
and income inequal ity for Blacks ver sus Whites, or the smaller sam ple of Black respon
dents. Future research should inves ti gate these pos si bil i ties given the mixed evi dence 
in the lit er a ture on whether the effects of neigh bor hood con di tions on health depend on 
race (Noah et al. 2018) or are inde pen dent of race (Subramanian and Kawachi 2006). 
Such inves ti ga tion likely requires data other than that from the PSID,20 how ever, we 
can say defin i tively that our find ings are not driven by Black respon dents.

We also repeat the ana ly ses for an older sam ple. When fol low ing indi vid u als from 
at least 65 years old until death, attri tion, or 1997, we do not obtain the same results. No 

20 Because of the rel a tively small num bers of mor tal ity cap tured by the PSID, we are cau tious about inter
preting results from strat i fied ana ly ses.

Table 5 Logistic mod els of mor tal ity by dura tionweighted neigh bor hood inequal ity expo sure, using 
three strat e gies of adjusting for selec tion

Gini Unadjusted RegressionAdjusted IPTWeighted

First — — —
Second 0.04 −0.13 −0.01
 (0.22) (0.23) (0.23)
Third 0.41 0.24 0.40
 (0.21) (0.22) (0.22)
Fourth 0.09 −0.16 0.17
 (0.24) (0.25) (0.24)
Fifth −0.26 −0.45 −0.20
 (0.28) (0.29) (0.28)

Notes: Effects are logodds ratios of mor tal ity risk. Positive coef fi cients indi cate increased risk. All mod
els adjust for base line covariates: birth cohort, race, gen der, south ern region, and edu ca tional attain ment. 
Timevary ing covariates are employ ment, fam ily income, neigh bor hood aver age fam ily income, neigh bor
hood pop u la tion size, and neigh bor hood pro por tion Black. The first model does not adjust for timevary ing 
covariates; the sec ond model includes timevary ing covariates as regres sion con trols; and the third model 
uses timevary ing covariates to inform IPT weights.
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coef fi cient on inequal ity has a sig nifi  cant impact on mor tal ity. It seems that com pared 
to the health and mor tal ity of older adults, the health and mor tal ity of work ingage and 
mid dleaged adults are more sen si tive to inequal ity and socio eco nomic cir cum stances 
(Backlund et al. 2007; Lynch et al. 2004), as well as placeeffects (Geronimus et al. 
2014).

Lastly, we repeat our ana ly ses but mea sure income inequal ity at the state level 
rather than the tract level (Table A4, online appen dix).21 Consistent with the lit er
a ture, we observe larger effects of income inequal ity at the state level than we had 
pre vi ously observed at the tract level. However, while the mech a nisms of social cor
ro sion and rel a tive dep ri va tion have pre vi ously been pro posed at the state level, we 
the o rize that at least one of these mech a nisms might also apply at the local level, and 
we find more direct evi dence of inequal ity effects such as these (i.e., effects of recent 
expo sure that are not medi ated by the observed timevary ing covariates) at the tract 
level than at the state level. In sum, our sen si tiv ity ana ly ses show that the strong focus 
on larger lev els of aggre ga tion in the lit er a ture has led to an incom plete pic ture on the 
effects of inequal ity.

Discussion

We apply an indi vid uallevel and lon gi tu di nal frame work to deter mine whether local 
income inequal ity has causal effects on mor tal ity, com bin ing indi vid uallevel data from 
the PSID with infor ma tion on tractlevel income inequal ity over a period of 30 years, 
and apply ing a MSM approach that pseudorandomizes expo sure tra jec to ries to inequal
ity rel a tive to timevary ing covariates. We show that recent expo sure to neigh bor hood
level inequal ity pre dicts higher mor tal ity risk, and is robust to fam ilylevel income, 
mean neigh bor hoodlevel income, and other timevary ing covariates. In gen eral, our 
study sup ports pre vi ous stud ies (Backlund et al. 2007; Hildebrand and Van Kerm 2009; 
Kaplan et al. 1996; Kawachi et al. 1997) in find ing a sig nifi  cant asso ci a tion between 
income inequal ity and health, and con tra dicts other stud ies (Beckfield 2004; Deaton 
2001; Kravdal 2008; Mellor and Milyo 2001), espe cially reports of a null or small effect 
within local areas (Blakely et al. 2003; CloughGorr et al. 2015; Fiscella and Franks 
1997; Franzini et al. 2001; Osler et al. 2002; Shibuya et al. 2002; Subramanian and 
Kawachi 2004; Veenstra 2002; Wilkinson and Pickett 2006).

Our study is the first to look at the effects of local income inequal ity on mor tal ity 
using indi vid uallevel data over a long period. In gen eral, there is sur pris ingly lim
ited evi dence to sug gest that income inequal ity shapes health (Truesdale and Jencks 
2016). Yet this may be due to the scope of ana ly ses for stud ies of local inequal ity and 
the use of aggre gate data, which raise con cerns regard ing sta tis ti cal assump tions on 
the exchange abil ity of con di tions (Hernán 2012), espe cially when the dis tri bu tion of 
risk fac tors can dif fer between the pop u la tions affected. The few stud ies that used 
both indi vid uallevel and lon gi tu di nal data did not prop erly account for dynamic rela
tion ships between local con text and risk fac tors for health and mor tal ity; tra di tional 
strat e gies for account ing for timevary ing covariates remove poten tial indi rect causal 

21 The ana ly ses in Table A4 (online appen dix) do not include tractlevel inequal ity.
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path ways (Wodtke et al. 2011). In using MSMs to make indi vid u als more exchange
able (by gen er at ing a coun ter fac tual that strength ens infer ence), we take seri ously 
the pos si bil ity of both direct and indi rect effects of local inequal ity for mor tal ity risk. 
However, our results show that dynamic selec tion on observed timevary ing covari
ates is unlikely to play a large role, but that instead there may a direct effect of recent 
inequal ity on mor tal ity.

Our find ings con tra dict the idea that neigh bor hoods are too homo ge neous for 
there to be an effect on health or mor tal ity (Franzini et al. 2001; Subramanian and 
Kawachi 2004; Wilkinson and Pickett 2006). As the data from the NCDB reveal, 
the Gini coef fi cient of income inequal ity ranges between 0.43 and 0.60 in the most 
unequal neigh bor hoods, mean ing that local income inequal ity in the United States 
can be as high as statelevel income inequal ity (U.S. Census Bureau 2017). While our 
sen si tiv ity ana ly ses show that statelevel inequal ity has a strong effect on inequal ity, 
our main ana ly ses show that there is a sig nifi  cant effect of recent expo sure to tract
level inequal ity on mor tal ity, above and beyond statelevel inequal ity,22 and net our 
observed timevary ing covariates.

The con tri bu tions of our study should be assessed in the con text of its lim i ta tions. 
Because of data restric tions, we can only con sider expo sure to inequal ity after the age 
of 45; although we saw lit tle evi dence of indi rect or cumu la tive effects after this age, 
cumu la tive inequal ity may have stronger implications prior to adult hood. When the 
data are avail  able, future research should con sider whether there are par tic u lar life 
stages or sub pop u la tions for which sustained expo sure is more harm ful. In addi tion, 
while our data do not pro vide enough cases of mor tal ity to sep a rate ana ly ses by cause 
of mor tal ity, we call for future work to dis en tan gle mech a nisms by ana lyz ing cause
spe cific mor tal ity data (Miech et al. 2011). Such mor tal ity data could help dis en tan
gle stress mech a nisms from mech a nisms relat ing to haz ards within com mu ni ties. In 
our sen si tiv ity ana ly ses, we found a pos si ble nonmonotonic effect of inequal ity on 
mor tal ity—and causespe cific mor tal ity data could also help get at the rea sons for this 
pat tern. Finally, while our study may not be gen er al iz able out side the United States, 
our ana lyt i cal approach can be applied any where that localarea esti ma tes of inequal
ity can be used together with lon gi tu di nal data on the mor tal ity of indi vid u als. ■
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22 Locallevel inequal ity is far from a proxy for statelevel inequal ity. In our main ana ly ses, we do not 
account for statelevel inequal ity because it occurs almost entirely between tracts rather than within tracts. 
The cor re la tion between statelevel and tractlevel inequal ity is very low, and ANOVA ana ly ses show that 
only around 7.6% of the var i a tion in tractlevel inequal ity comes from dif fer ences between states. For these 
rea sons, even when we do account for statelevel inequal ity in the anal y sis, the effects of local inequal ity 
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