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ABSTRACT The decline of manufactur ing employ ment is fre quently invoked as a key 
cause of wors en ing U.S. pop u la tion health trends, includ ing ris ing mor tal ity due to 
“deaths of despair.” Increasing auto ma tion—the use of indus trial robots to per form 
tasks pre vi ously done by human work ers—is one struc tural force driv ing the decline 
of manufactur ing jobs and wages. In this study, we exam ine the impact of auto ma tion 
on age- and sex-spe cific mor tal ity. Using exog e nous var i a tion in auto ma tion to sup port 
causal infer ence, we find that increases in auto ma tion over the period 1993–2007 led 
to sub stan tive increases in all -cause mor tal ity for both men and women aged 45–54. 
Disaggregating by cause, we find evi dence that auto ma tion is asso ci ated with increases 
in drug over dose deaths, sui cide, homi cide, and car dio vas cu lar mor tal ity, although pat
terns dif fer by age and sex. We fur ther exam ine het ero ge ne ity in effects by safety net 
pro gram gen er os ity, labor mar ket pol i cies, and the sup ply of pre scrip tion opi oids.

KEYWORDS Mortality • Deindustrialization • Labor Demand • Automation •  
Social Policy

Introduction

Today, a per son born in the United States is expected to die an aver age of three 
years sooner than per sons born in other highincome countries (Ho and Hendi 2018). 
This was not always the case: U.S. life expec tancy diverged from that in peer coun
tries starting around 1980, rel a tive stag na tion that recently cul mi nated in a decline in 
expected lon gev ity for the first time on record (Woolf and Schoomaker 2019). Demo
graphic evi dence reveals that this dete ri o ra tion in U.S. pop u la tion health is driven 
pri mar ily by ris ing mor tal ity among less edu cated, work ingage adults. Increasing 
pre ma ture death in this sub group—from sui cide, drug over dose, and other socalled 
“deaths of despair”—has received wide spread atten tion in both aca demic and pop u lar 
dis course (Case and Deaton 2017).

The most com mon expla na tions attri bute this trou bling trend to struc tural changes 
in the U.S. econ omy, which reduced oppor tu nity and increased precarity for work ing
age adults with out a fouryear col lege degree. A grow ing body of empir i cal research 
sup ports this con ten tion (Coile and Duggan 2019; Naik et al. 2019; Seltzer 2020; 
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Venkataramani, O’Brien et al. 2020). Much of this work exam ines the impact of 
the decline in domes tic manufactur ing, a sec tor that his tor i cally served as a path to 
the mid dle class for those with out a col lege degree (Cherlin 2014). For exam ple, 
Venkataramani, Bair et al. (2020) found that sharp reduc tions in local manufactur
ing jobs fol low ing auto mo bile assem bly plant clo sures led to an acute increase in 
opi oid over dose mor tal ity. Other stud ies have linked expo sure to com pe ti tion from 
for eign manufactur ing—which reduces wages and employ ment oppor tu ni ties for 
domes tic manufactur ing work ers—to increases in mor tal ity among work ingage 
men with less edu ca tion (Adda and Fawaz 2020; Autor et al. 2019; Pierce and 
Schott 2020).

This arti cle exam ines the mor tal ity impact of another struc tural force behind the 
decline of manufactur ing: auto ma tion. Since the 1980s, tech no log i cal improve ments, 
cou pled with the pres sures of an increas ingly com pet i tive global mar ket place, have 
fueled the adop tion of indus trial robots on plant floors (Acemoglu and Restrepo 
2020; Autor and Salomons 2018). Although auto ma tion in some sec tors may aug
ment oppor tu ni ties and raise wages by increas ing the pro duc tiv ity of human work ers 
(Autor 2015; Eggleston et al. 2021), this spe cific class of indus trial robots displaced 
work ers. According to work by Acemoglu and Restrepo (2020), adop tion of indus
trial robots led to the loss of an esti mated 420,000–750,000 jobs over the 1990s 
and 2000s, the major ity of which were in manufactur ing; work ers for tu nate enough 
to keep their jobs still expe ri enced mean ing ful declines in wages (Acemoglu and 
Restrepo 2020).

The decline in eco nomic oppor tu ni ties due to auto ma tion has been borne pri mar ily 
by less edu cated work ers, the same group that has faced ris ing mor tal ity rates. This 
sug gests a causal link between auto ma tion and mor tal ity, which we argue may operate 
through “mate rial” path ways by impacting cur rent employ ment, wages, and access 
to health care, as well as through “despair” path ways by reduc ing future eco nomic 
oppor tu ni ties. Although a recent con sen sus study report from the National Academies 
of Sciences, Engineering, and Medicine (2021:6) identifies “technological advances 
that replace workers” as one potential driver of increasing workingage mortality, this 
asso ci a tion has not been exam ined in the lit er a ture. With the adop tion of indus trial 
robots projected to increase two fold to four fold in the com ing decade (Acemoglu 
and Restrepo 2020)—a trend that may be fur ther exac er bated by responses to the 
COVID-19 pan demic (Chernoff and Warman 2020)—under stand ing the poten tial 
con se quences of auto ma tion on mor tal ity out comes is crit i cal for policymakers. It 
is also instruc tive to exam ine het ero ge ne ity in these rela tion ships to iden tify pol i cies 
that may mit i gate any adverse con se quences of con tin ued auto ma tion on pop u la tion 
health.

We use newly avail  able mea sures of the adop tion of indus trial robots across U.S. 
com mut ing zones between 1993 and 2007 to exam ine the impacts of one key form 
of auto ma tion on mor tal ity. Specifically, we apply the instru men tal var i able strat egy 
used by Acemoglu and Restrepo (2020), who cre ated a plau si bly exog e nous mea sure 
of robot pen e tra tion by com bin ing infor ma tion on preexisting employ ment shares 
in dif fer ent indus tries in each com mut ing zone with the tra jec tory of robot adop tion 
in each of those indus tries from a set of Euro pean countries. This method addresses 
confounding from omit ted fac tors that may affect both auto ma tion and mor tal ity. For 
exam ple, health may have been wors en ing among work ers even prior to auto ma tion, 
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3Automation and Working-Age Mortality in the United States

which may induce firms to replace sicker work ers with robots. In the absence of the 
instru men tal var i able, such a pro cess may lead us to erro ne ously draw a rela tion ship 
between auto ma tion and pop u la tion health. Combining this instru ment with restricted 
access U.S. death cer tifi  cate data from 1993–2007, we esti mate the causal effect of 
com mut ing zone–level auto ma tion on cause-spe cific, county-level mor tal ity among 
work ing-age adults by age and sex in a series of first-dif fer ences mod els.

We find that increases in auto ma tion led to sub stan tive increases in mor tal ity, with 
pos i tive and sta tis ti cally sig nifi  cant effects on all -cause mor tal ity for both men and 
women aged 45–54, the same age-group that has seen mor tal ity increase in recent 
years. Point esti ma tes indi cate that each addi tional robot per 1,000 work ers led to 
just over eight addi tional deaths per 100,000 males aged 45–54 and just under four 
addi tional deaths per 100,000 females in the same age-group. Automation, there fore, 
con trib uted to the slow down in mor tal ity improve ments over this study period, por
tending the abso lute increase observed for some sub groups in recent years (Case and 
Deaton 2017). Disaggregating by cause, we find that auto ma tion led to increases in 
drug over dose mor tal ity for men of all  age-groups and for youn ger (20–29) women; 
our esti ma tes indi cate that auto ma tion explains 12% of the over all increase in drug 
over dose mor tal ity among all  work ingage adults over the study period. Automation 
also led to a sub stan tial increase in sui cide mor tal ity for males aged 45–54, con-
trib ut ing to the sec u lar rise in sui cide mor tal ity for mid dleaged males observed in 
recent decades (Hedegaard et al. 2020). We also see evi dence that auto ma tion was 
asso ci ated with increased homi cide, can cer, and car dio vas cu lar mor tal ity in spe cific 
age–sex groups. Our find ings are robust to account ing for preexisting trends in mor-
tal ity and remov ing “out lier” com mut ing zones with excep tion ally high pen e tra tion 
of indus trial robots dur ing the study period.

This study is among the first to dem on strate a causal asso ci a tion between long-
run sec u lar trends of auto ma tioninduced dein dus tri al iza tion and work ingage mor
tal ity.1 Our find ings are con sis tent with a large body of work cor re lat ing declines in 
manufactur ing with wors en ing indi vid ual and pop u la tion health, includ ing mor tal ity 
(e.g., Seltzer 2020). They are also in line with research iden ti fy ing the causal effect of 
long-run manufactur ing decline on mor tal ity in spe cific com mu ni ties (e.g., Sullivan 
and von Wachter 2009), in response to increased expo sure to for eign trade (Adda and 
Fawaz 2020; Autor et al. 2019; Pierce and Schott 2020), or from acute shocks, such as 
plant clo sures (e.g., Browning and Heinesen 2012; Venkataramani, Bair et al. 2020).

We go on to exam ine three con tex tual fea tures of places that both the ory and prior 
work sug gest could mod er ate the rela tion ship between auto ma tion and mor tal ity: 
social safety net pol i cies, labor mar ket pol i cies, and pre scrip tion opi oid sup ply. Sev

1 Closest to the pres ent paper is a recent work ing paper (Gihleb et al. 2020) exam in ing the causal impact 
of indus trial robot adop tion in the United States and Germany on a range of out comes; it found that auto
ma tion was asso ci ated with an over all increase in alco hol and sui cide mor tal ity. However, their anal y sis 
pooled all  ages (includ ing nonwork ingage adults) and gen ders, and included data from a more lim ited 
time frame and more lim ited set of counties. Moreover, they did not con sider other causes of death. Our 
study also relates to work by Patel and col leagues (2018), who found that countylevel mea sures of auto
ma tion were asso ci ated with worse selfreported health, though this anal y sis is descrip tive and pre cludes 
causal inter pre ta tions. Finally, Gunadi and Ryu (2021) assessed causal rela tion ships between auto ma tion 
and self-reported health spe cifi  cally among low-skill work ers, find ing improve ments in health as a result 
of reallocation of work ers to less phys i cally inten sive tasks.
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4 R. O’Brien et al.

eral recent stud ies empha sized the role of state pol icy var i a tion in explaining lev els 
and trends in health disparities, includ ing mor tal ity (see Montez 2017; Montez et al. 
2020; Montez et al. 2019). Similarly, we find evi dence that the gen er os ity of state 
safety net pro grams—Med ic aid and Unemployment Insurance (UI)—miti gated the 
effect of auto ma tion on mor tal ity among mid dle-aged males, spe cifi  cally deaths due 
to sui cide and drug over dose. We also find evi dence that state labor mar ket pol i cies 
mod er ated the effect of auto ma tion on mor tal ity for mid dleaged males: the effect of 
auto ma tion on drug over dose mor tal ity and sui cide mor tal ity was more pro nounced 
in states with “right-to-work” (RTW) laws and in states with lower min i mum wage 
rates. Taken together, these find ings dem on strate the cen tral impor tance of pub lic pol-
i cies in mod er at ing the effects of dein dus tri al iza tion on deaths of despair.

We also exam ine effect het ero ge ne ity as a func tion of the sup ply of pre scrip tion 
opi oids in a local area, constructing esti ma tes from national pre scrip tion drug sur
veil lance data. We find sug ges tive—but impre cisely esti mated—evi dence that the 
effect of auto ma tion on drug over dose mor tal ity may be higher in areas with higher 
per cap ita sup ply of pre scrip tion opi oids. This evi dence may inform ongo ing debates 
over the rel a tive roles of sup ply ver sus demand fac tors in driv ing the opi oid over dose 
epi demic (Currie et al. 2018; Currie and Schwandt 2020; Hollingsworth et al. 2017; 
Seltzer 2020).

In the fol low ing sec tions, we describe the mech a nisms through which auto ma tion 
may impact work ingage mor tal ity, draw ing on a grow ing body of research dem
on strat ing the impact of the econ omy on indi vid ual and pop u la tion health. We then 
describe our three poten tial con tex tual mod er a tors before turn ing to our data, meth
ods, and results.

Theoretical Pathways

Theory and empir i cal research sug gest two path ways through which the rise of indus
trial auto ma tion may impact work ingage mor tal ity: what we term the “mate rial” 
path way and the “despair” path way. These path ways are not mutu ally exclu sive, 
but rather com ple men tary, invit ing us to con sider how the same struc tural eco nomic 
trends may yield increases in mor tal ity from causes as dis tinct as sui cide and car dio
vas cu lar dis ease.

Material Pathway

The first path way through which auto ma tion may impact work ing-age mor tal ity is 
by shap ing mate rial out comes known to impact indi vid ual and pop u la tion health, 
includ ing employ ment and wages. Acemoglu and Restrepo (2020) found that the 
rise of indus trial robots had sub stan tial neg a tive effects on employ ment both directly 
through dis place ment of manufactur ing work ers and indi rectly by depress ing local 
eco nomic demand, thereby reduc ing jobs in other indus tries, such as the ser vice sec
tor. In addi tion to lower employ ment rates, they found a sub stan tial neg a tive effect 
on aver age wages in the com mut ing zone, expe ri enced even by those who remain 
employed. These direct and indi rect effects of auto ma tion on employ ment and wages, 
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5Automation and Working-Age Mortality in the United States

in turn, are likely to impact health out comes. Previous research has established a link 
between manufactur ing decline and work ingage mor tal ity, exam in ing both long
term sec u lar trends (e.g., Seltzer 2020) and acute declines in employ ment oppor tu
ni ties due to plant clo sures (e.g., Venkataramani, Bair et al. 2020). Moreover, a large 
body of work across the social sci ences has found income and employ ment to be key 
deter mi nants of health; indi vid u als with higher incomes live lon ger (Chetty et al. 
2016), and areas with higher aver age income have higher aver age life expec tancy 
(DwyerLindgren et al. 2017).

Employment and wages are not the only mech a nisms through which auto ma tion 
may impact mate rial out comes with con se quences for health. For exam ple, most 
work ingage per sons in the United States rely on employerpro vided health insur ance 
ben e fits; manufactur ing is one sec tor in which less edu cated work ers were his tor i cally 
pro vided such nonwage ben e fits. To the extent that auto ma tion decreases the total 
num ber of jobs that pro vide health insur ance cov er age, it may decrease health care 
access and uti li za tion, par tic u larly for pre ven ta tive and diag nos tic vis its (see Freeman 
et al. 2008 for a review). This, in turn, could drive increased mor tal ity for conditions 
such as can cer and heart dis ease. At the com mu nity level, increas ing auto ma tion and 
worker dis place ment may lead to lower tax rev e nues, thus reduc ing pub licsec tor 
spend ing on every thing from health to edu ca tion.2 To the extent auto ma tion reduces 
pub licsec tor invest ment in health care ser vices, we would expect that to increase 
mor tal ity on the mar gins.

It is pos si ble that auto ma tion may also improve health for some sub sets of the pop
u la tion, par tic u larly if tasks done by indus trial robots allow existing work ers to focus 
on less dan ger ous or tax ing tasks. For exam ple, recent work sug gests that adop tion 
of indus trial robots may improve selfreported health among some types of work ers, 
likely owing to reduc tions in phys i cal tasks (Gihleb et al. 2020; Gunadi and Ryu 
2021). However, given the sub stan tial neg a tive esti mated effect of auto ma tion on the 
mate rial eco nomic out comes of affected work ers and their com mu ni ties, we expect to 
find an asso ci a tion between the chang ing inten sity of robot pen e tra tion and work ing- 
age mor tal ity across U.S. counties.

Despair Pathway

The sec ond path way through which auto ma tion may impact work ingage mor tal ity 
is by shap ing the real and per ceived eco nomic oppor tu nity of res i dents in affected 
areas. Analyzing the social and eco nomic cor re lates of recent trends in mor tal ity for 
dif fer ent sub pop u la tions, Siddiqi and col leagues (2019) found that the mate rial path
ways described here can not entirely account for wors en ing mor tal ity among mid dle 
aged White indi vid u als, given that the same adverse trends also impacted Black 
Amer i cans who, in con trast, did not expe ri ence the same increases in mor tal ity until 
more recently. The authors attrib uted increas ing mor tal ity among the for mer group 
to per ceived sta tus loss due to declin ing rel a tive group posi tion, spe cifi  cally vis-à-vis  

2 Feler and Senses (2017) found exactly that in their anal y sis of the impact of for eign trade expo sure on 
the local pro vi sion of pub lic goods.
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6 R. O’Brien et al.

racial and eth nic minor i ties. In addi tion, recent work dem on strates that occu pa tional 
expec ta tions are stron ger pre dic tors of death from drug over dose and sui cide than 
actual occu pa tional attain ment (Muller et al. 2020). These find ings are con sis tent with 
emerg ing work show ing that arealevel pros pects for social mobil ity are strongly asso
ci ated with a range of indi vid ual and arealevel mea sures of health behav iors and 
phys i cal and men tal health out comes, even after adjusting for socio eco nomic sta tus 
(Venkataramani, Daza, and Emanuel 2020; Venkataramani et al. 2016), as well as with 
evi dence that mor tal ity among mid dleaged White indi vid u als increased more in areas 
char ac ter ized by low eco nomic mobil ity (O’Brien et al. 2017). How peo ple under stand 
and con ceive of their posi tion in the social hier ar chy, and the oppor tu ni ties and pos si
bil i ties avail  able to them, can impact health out comes regard less of the mate rial real ity.

We argue that the decline of manufactur ing employ ment is likely to have a neg a tive 
impact on per ceived eco nomic oppor tu nity and future expec ta tions, par tic u larly for 
res i dents of the indus trial heart land. Historically, regions of the United States with high 
lev els of manufactur ing employ ment have been char ac ter ized by high rates of inter gen
er a tional eco nomic mobil ity—the like li hood that chil dren will achieve the Amer i can 
dream of doing bet ter than their par ents in adult hood (Berger and Engzell 2020). Indeed, 
recent work finds that the decline in manufactur ing is a key driver of declin ing rates of 
eco nomic mobil ity in many parts of the indus trial Midwest and Northeast (Connor and 
Storper 2020). To the extent that auto ma tion reduces local area eco nomic oppor tu nity, 
or the per cep tion thereof, we might expect increased mor tal ity from drug over dose, sui
cide, and other socalled “deaths of despair” (Case and Deaton 2017). Compounding 
these forces is the fact that areas fac ing dein dus tri al iza tion also expe ri ence shifts in 
key social fac tors—for exam ple, changes in mar riage mar kets and destruc tion of social 
cap i tal—that may fur ther worsen health out comes (Cherlin 2014; Wilson 1996).

 The mate rial and despair path ways through which auto ma tion may impact mor
tal ity are com ple men tary and mutu ally reinforcing; they also reveal how the deter
mi nants of health and mor tal ity can not be neatly cat e go rized as pro cesses occur ring 
at either the indi vid ual or the eco log i cal lev els. Automation is a tech no log i cal shock 
that has impli ca tions for both indi vid u als and their com mu ni ties. Whether and to 
what extent the mate rial hit to an indi vid ual—say, in the form of job loss or lower 
wages—trans lates into height ened mor tal ity risk are likely to vary as a func tion of 
the over all eco nomic health of the local area. At the same time, resid ing in an area 
hit hard by auto ma tiondriven dein dus tri al iza tion may heighten mor tal ity risk even 
among those whose own imme di ate mate rial real ity is unchanged by dim ming pros
pects for eco nomic mobil ity and weak en ing of the pub lic sec tor. In the fol low ing 
anal y sis, we esti mate change in mor tal ity at the county level, cap tur ing the net effect 
of these dis tinct but related path ways.

Potential Contextual Moderators

The United States is a large and het ero ge neous coun try. Therefore, we expect the 
effect of tech no log i cal adop tion on pop u la tion health to vary sys tem at i cally across 
places. We con sider three aspects of local con text that may mod er ate the rela tion ship 
between auto ma tion and work ingage mor tal ity: social safety net pol i cies, labor mar
ket pol i cies, and pre scrip tion opi oid sup ply.
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7Automation and Working-Age Mortality in the United States

Social Safety Net Policies

Evidence sug gests that crossstate var i a tion in the gen er os ity of social safety net pro
grams is an impor tant deter mi nant of spa tial pat terns in pop u la tion health (Montez 
2017; Montez et al. 2020). In the con text of this anal y sis, we might expect social 
safety net pro gram gen er os ity to mod er ate the rela tion ship between auto ma tion and 
mor tal ity by blunting the social and eco nomic hit to work ers, fam i lies, and their com
mu ni ties. Our mea sures of pro gram gen er os ity are taken from Fox et al. (2020), who 
cre ated sum mary indi ces for each social pro gram that are based on pro gram gen
er os ity, eli gi bil ity require ments, and admin is tra tive bur dens to accessing ben e fits.3 
In addi tion to a com pos ite mea sure cap tur ing the over all gen er os ity of state social 
safety net pol i cies, we con sider two spe cific pro grams that exhibit sub stan tial var-
i a tion across state lines: Med ic aid and UI. We use mea sures from the ear li est year 
avail  able (2000) in their data.

Our prior is that the gen er os ity of state Med ic aid pro grams is the most likely ele
ment to mod er ate the rela tion ship between auto ma tion and mor tal ity; dur ing our study 
period, there was con sid er able crossstate var i a tion in Med ic aid income eli gi bil ity 
thresh olds for work ing-age adults. Research has found that var i a tion in Med ic aid 
pol icy impacted spa tial pat terns in both all cause and drug over dose mor tal ity (Miller 
et al. 2021; Sommers et al. 2012; Venkataramani and Chatterjee 2019). Although 
gen er os ity of (and eli gi bil ity for) UI varies across state lines, it is a timelim ited 
social ben e fit. Even so, work by Kuka (2020) found a causal asso ci a tion between UI 
gen er os ity and health insur ance cov er age and uti li za tion, par tic u larly dur ing peri
ods of high unem ploy ment. She also found that UI gen er os ity was asso ci ated with 
higher selfrated health. Similarly, Cylus et al. (2014) showed that more gen er ous UI 
ben e fits at the state level were asso ci ated with lower sui cide rates, par tic u larly dur-
ing peri ods of high unem ploy ment. Moreover, other evi dence sug gests that UI pro
gram gen er os ity is asso ci ated with improved job matching for unem ployed work ers 
(Farooq et al. 2020), which may both reduce despair and improve mate rial out comes 
for work ers in ways that ben e fit health.

Labor Market Policies

Beyond the social safety net, there is sub stan tial var i a tion in state labor mar ket pol
i cies. We con sider two: min i mum wage rates and RTW laws. Evidence on the effect 
of state min i mum wage rates on health out comes of the work ingage pop u la tion is 
mixed, with most stud ies find ing no dis cern ible effects (see Leigh et al. 2019 for a 

3 For exam ple, the Med ic aid gen er os ity index com bines mul ti ple mea sures of gen er os ity (based on cov
er age of optional ben e fits, e.g., den tal, vision, psy chol o gists), eli gi bil ity require ments (i.e., income eli gi-
bil ity thresh olds for chil dren, preg nant women, par ents, and nonparents), and admin is tra tive bur dens (e.g., 
pres ence of asset tests, facetoface inter views, pre sump tive eli gi bil ity, con tin u ous enroll ment). This index 
ranges from 0 to 100; see Fox et al. (2020) for details. Fox et al. also constructed indi ces for the Tempo
rary Assistance for Needy Families (TANF) and Supplemental Nutrition Assistance Program (SNAP). 
However, we did not con sider these pro grams in our anal y sis given either the lim ited scope of the pro gram 
(TANF) or the rel a tive lack of crossstate var i a tion in gen er os ity dur ing the study period (SNAP).
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8 R. O’Brien et al.

review). There is, how ever, grow ing evi dence linking higher min i mum wage rates 
to reduc tions in mor tal ity from sui cide among work ingage adults (Dow et al. 2020; 
Gertner et al. 2019). Moreover, cor re la tional ana ly ses have found that reports of 
unmet med i cal needs among lowskilled work ers were lower in states with higher 
min i mum wages, net of indi vid ual and con tex tual covariates (McCarrier et al. 2011). 
In our con cep tual frame work, higher min i mum wages may mod er ate the effect of 
auto ma tion on mor tal ity by miti gat ing the wage loss asso ci ated with a decline in 
manufactur ing employ ment. Our anal y sis tests for effect het ero ge ne ity as a func tion 
of the state min i mum wage rate in nom i nal dol lars in the year 2000 (obtained from 
University of Kentucky Center for Poverty Research 2021).

We also con sider the poten tial mod er at ing effect of state RTW laws. Such laws are 
state-level pro hi bi tions on unions that require non mem bers who ben e fit from union-
nego ti ated ben e fits to con trib ute to the cost of union rep re sen ta tion. The empir i cal 
evi dence on the effects of RTW laws on labor mar ket indi ca tors such as aggre gate 
employ ment and wages is mixed and incon clu sive (see Collins 2012 for a review), 
although there is evi dence that they reduce labor orga niz ing (Ellwood and Fine 1987) 
and pri vatesec tor union i za tion rates (Eren and Ozbeklik 2016). To the extent that 
these laws shape the qual ity and/or quan tity of jobs avail  able to displaced work ers, 
they may mod er ate the asso ci a tion between auto ma tion and work ingage mor tal ity. 
We explore this using a binary indi ca tor for whether the state had a RTW law as of 
2000 with data taken from Caughey and Warshaw (2016).

Prescription Opioid Supply

Several stud ies have found a pos i tive asso ci a tion between localarea, pre scrip tion opi
oid sup ply and drug over dose rates (see, e.g., Alpert et al. 2019; Currie and Schwandt 
2020; Monnat 2019; Ruhm 2019). Therefore, we also con sider the pos si bil ity that 
the local opi oid sup ply may mod er ate the effect of auto ma tion on mor tal ity. Specif
ically, we hypoth e size that any effect of robot adop tion on drug over dose mor tal ity 
is likely to be higher in local areas with a greater sup ply of pre scrip tion opi oids. To 
exam ine this, we amassed data on the prev a lence of oxycodone prescriptions across 
counties in the United States, as reported to the Automated Reports and Consolidated 
Ordering System (ARCOS), which is maintained by the U.S. Department of Justice 
and col lects infor ma tion on con trolled sub stance trans ac tions from man u fac tur ers 
and dis trib u tors. We used these data to cal cu late the (logged) mil li gram equiv a lent 
of mor phine of oxycodone pre scribed per work ing-age adult between ages 20–64 in 
each U.S. county in 2000.

Methods

Data

For our main expo sure—com mut ing zone–level expo sure to auto ma tion—data were 
obtained from Acemoglu and Restrepo (2020). This mea sure cap tures the predicted 
increase in indus trial robots per 1,000 work ers over the period 1993–2007. The 
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9Automation and Working-Age Mortality in the United States

mea sure is constructed using 1970 U.S. com mut ing zone–level data4 on employ ment 
shares across 19 dif fer ent indus tries, as well as data on the growth in indus trial robots 
in each of these indus tries for five Euro pean countries (Denmark, Finland, France, 
Italy, and Sweden). The use of data from these countries—which adopted indus trial 
robots sooner than the United States did—allowed Acemoglu and Restrepo (2020) to 
limit bias from endog e nous, com mut ing zone, labor demand fac tors that may have 
jointly influ enced auto ma tion and our out comes of inter est (e.g., wors en ing health 
lead ing both to firms adopting auto ma tion tech nol o gies and to increased work ing-age 
mor tal ity; see Currie et al. 2018; Krueger 2017). This type of mea sure is known as 
a “shiftshare instru ment” in the econo met rics lit er a ture (GoldsmithPinkham et al. 
2020). Figure 1 maps the predicted change in auto ma tion across com mut ing zones 
between 1993 and 2007 as esti mated by Acemoglu and Restrepo (2020).

We constructed county-spe cific, age-adjusted mor tal ity rates by age-group, sex, 
and cause using restricted-access, death cer tifi  cate data obtained from the U.S. 
National Center for Health Statistics and annual age- and sex-spe cific pop u la tion 
esti ma tes from the U.S. Census Bureau. We exam ine sex-spe cific mor tal ity rates for 
the 20–29, 30–44, 45–54, and 55–64 age-groups, given evi dence of het ero ge neous 
impacts by age and sex in other work. For each group, we com pute mor tal ity rates 
from all  causes, as well as from drug over doses, sui cides, homi cides, car dio vas cu
lar dis eases, respi ra tory illnesses, can cers, and unin ten tional injuries (exclud ing drug 
over doses; see Table A1 of the online appen dix for rel e vant ICD-9 and ICD-10 codes, 

4 Acemoglu and Restrepo (2020) used 1970 val ues to address poten tial bias from mean rever sion in indus-
trial employ ment shares in the 1980s.

1.97–9.04
1.37–1.97
1.00–1.37
0.35–1.00
No data

Fig. 1 Exposure to automation, 1993–2007. The figure maps quartiles of commuting zone–level exposure 
to automation, as measured by change in the number of industrial robots per 1,000 workers, by county. 
Data were obtained from Acemoglu and Restrepo (2020).
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10 R. O’Brien et al.

and Table A2 for mor tal ity rates by age and sex in 1993). To best match the auto ma-
tion data, we com pute changes in mor tal ity rates for each demo graphic group and 
cause (per 100,000) between 1993 and 2007. For each base line and endline year, we 
use the surrounding threeyear aver age for mor tal ity rates to improve the pre ci sion of 
mea sure ment (Woolf and Schoomaker 2019).

Analytic Strategy

To esti mate the impact of auto ma tion on work ingage mor tal ity, we esti mate ver sions 
of the fol low ing first-dif fer ences model:

 ΔYi, j ,r ,t1 − t0 = α1 × ΔAutomationj ,r ,t1 − t0 + ββ ×BaselineCharj ,r ,t0 + θθr + ei, j ,r ,t ,   (1)

where i indexes the county, j indexes the com mut ing zone, and t1 and t0 index 2007 
and 1993, respec tively. ΔYi, j ,r ,t1− t0 rep re sents the change in mor tal ity at the county 
level and ΔAutomationj ,r ,t1 −  t0  rep re sents the change in the num ber of indus trial robots 
per 1,000 work ers at the com mut ing zone level. This spec i fi ca tion cor re sponds to the 
“long-dif fer ence” model used by Acemoglu and Restrepo (2020).

α1 , which cap tures the asso ci a tion between expo sure to auto ma tion and mor tal ity, 
is our param e ter of inter est. This param e ter cap tures health impacts accru ing from 
both the mate rial and despair path ways—that is, the effects of auto ma tionled job 
and ben e fit loss, dimin ished wages among still-employed work ers (Elser et al. 2019), 
reduced phys i cal exer tion and injury risk among still employed work ers (Gihleb et al. 
2020; Gunadi and Ryu 2021), reduced eco nomic oppor tu ni ties and future expec ta
tions, and the effects of shifting social fac tors (e.g., changes to mar riage mar kets, 
destruc tion of social cap i tal) (Cherlin 2014; Wilson 1996). Our research design and 
data lim i ta tions do not allow us to assess the spe cific con tri bu tion of each of these 
path ways, and we flag this as an impor tant area for future research.

Shiftshare instru men tal var i ables may be sus cep ti ble to bias if the base line 
char ac ter is tics (here, com mut ing zone indus trial shares in 1970) used to cre ate the 
instru ment are cor re lated with other base line char ac ter is tics, the sub se quent trends 
of which may also affect the out comes of inter est (e.g., edu ca tional attain ment) 
(GoldsmithPinkham et al. 2020). To address this con cern, we fol low Acemoglu and 
Restrepo (2020)’s pre ferred spec i fi ca tion and adjust a rich set of base line char ac ter-
is tics (denoted by the vec tor BaselineCharj ,r ,t0 ) mea sured in 1990, includ ing com-
mut ing zone demo graph ic (age dis tri bu tion, race/eth nic ity pop u la tion shares) and 
socio eco nomic char ac ter is tics (shares com plet ing high school and col lege edu ca tion, 
share employed in manufactur ing, share employed in rou tine occu pa tions, and expo
sure to for eign trade). We also include a vec tor of fixed effects for the nine cen sus 
divi sions (denoted by θθr), given regional pat terns in the evo lu tion of auto ma tion and 
our main out comes (see Figure 1). We esti mate the fore go ing model for mor tal ity out
comes sep a rately by age–sex groups and cause. In all  ana ly ses, we clus ter stan dard 
errors at the state level to account for poten tial geo graphic cor re la tion in the expo sure 
and out comes, and weight by appro pri ate (age–sex group) pop u la tion size. Clustering 
at the com mut ing zone level pro duces sub stan tively iden ti cal results (see Table A3 in 
the online appen dix).
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11Automation and Working-Age Mortality in the United States

We test for poten tial con tex tual mod er a tors by esti mat ing mod els that include an 
inter ac tion term between our con tex tual mea sure (e.g., state min i mum wage rate) 
and the auto ma tion mea sure. We also include in our mod els all  inter ac tions between 
the focal con tex tual mea sure and the full set of covariates, to reduce the pos si bil ity 
that the inter ac tion effects of inter est are con founded by other inter ac tions between 
the con tex tual mea sure and observ able char ac ter is tics poten tially cor re lated with our 
auto ma tion mea sure. Specifically, we esti mate ver sions of the fol low ing equa tion:

ΔYi, j ,r ,t1− t0 = γ1 × ΔAutomationj ,r ,t1 − t0 + γ 2 × ΔAutomationj ,r ,t1 − t0 × StateContext j ,r
+ γ 3 × StateContext j ,r + δδ ×BaselineCharj ,r ,t0
+ϑϑ ×BaselineCharj ,r ,t0 × StateContext j ,r  
+ θθr + θθr × StateContext j ,r + ui, j ,r ,t . (2)

The key param e ter of inter est here is γ 2, which cap tures the inter ac tion between the 
focal con tex tual mea sure (StateContext j ,r) and our auto ma tion instru ment. We esti
mate this model spe cifi  cally for men and women aged 45–54, for whom increases in 
mid life mor tal ity have been most prominent and for whom we find large impacts of 
auto ma tion on all cause mor tal ity in our main ana ly ses. For the ease of inter pre ta tion, 
we report mar ginal effects of auto ma tion on mor tal ity eval u ated at high and low val
ues of the con tex tual mea sure StateContext j ,r (we report esti mated coef fi cients on the 
inter ac tion term in Tables A9–A14 in the online appen dix).

Results

Impacts of Automation on Mortality

Main Findings

Figure 2 plots esti mated coef fi cients of the effects of auto ma tion on mor tal ity by 
cause for males of four age-groups (Table A3 of the online appen dix reports the coef-
fi cients and stan dard errors). Across all  age-groups, the esti mated effect of auto ma-
tion on all cause mor tal ity was pos i tive and sub stan tial in mag ni tude; how ever, only 
for males aged 45–54 was the point esti mate sta tis ti cally dis tin guish able from zero 
at con ven tional alpha lev els (p < .05). Among this group, an increase of one robot 
per 1,000 work ers was asso ci ated with a sta tis ti cally sig nifi  cant eight addi tional 
deaths per 100,000 per sons (rel a tive to a sce nario in which there was no increase in 
indus trial robots). This is a siz able rel a tive increase in mor tal ity, nota bly among the 
exact demo graphic sub group iden ti fied by Case and Deaton (2017) as suf fer ing from 
increased deaths of despair. The aver age increase in auto ma tion over the study period 
(two robots per 1,000 work ers) was thus asso ci ated with 16 addi tional deaths per 
100,000 per sons, equiv a lent to roughly 25% of the over all sec u lar decline seen in this 
age-group between 1993 and 2007 (64 deaths per 100,000).

Disaggregating by cause, we find evi dence that increases in robot pen e tra tion led to 
sig nifi  cant increases in drug over dose mor tal ity across all  four age-groups. The aver-
age increase in auto ma tion across com mut ing zones of two robots per 1,000 work ers 
can account for 13.5% of the over all increase (14 deaths per 100,000) in drug over dose 
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12 R. O’Brien et al.

deaths between 1993 and 2007 among men aged 20–29 (p < .05), 20.1% of the over-
all increase (11 per 100,000) among those aged 30–44 (p < .05), 8.2% of the over all 
increase (22 per 100,000) among those aged 45–54 (p < .10), and 12.0% of the over all 
increase (11 per 100,000) among those aged 55–65 (p < .10). To place these find ings in 
con text, we note that the rel a tive share of drug over dose deaths explained by auto ma
tion was some what smaller than the share explained by local expo sure to inter na tional 
trade. For exam ple, Pierce and Schott (2020) noted that local eco nomic shocks resulting 
from the United States granting per ma nent trade rela tions with China could account for 
approx i ma tely 40% of the growth in drug over dose mor tal ity in the early 2000s.
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Fig. 2 Impacts of automation on mortality of males by age-group. Estimates are from a first-differences 
model regressing changes in mortality rates (per 100,000) for each listed age–sex group on automation 
over the period 1993–2007, expressed as the change in the number of industrial robots per 1,000 work
ers between 1993 and 2007. Each point (and 95% CI) represents estimates from a separate regression 
(N = 3,108). All models adjust for the characteristics and fixed effects described in Table 1. Standard errors 
are clustered at the state level.
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13Automation and Working-Age Mortality in the United States

Estimates for other causes of death var ied by age-group. Among men aged 30–44, 
we find evi dence that auto ma tion led to increases in homi cide deaths. Among those 
aged 45–54, we see evi dence of impacts on sui cide mor tal ity rates, with the aver age 
increase in robot pen e tra tion of two per 1,000 work ers, account ing for 51% of the 
over all increase in sui cide deaths (five deaths per 100,000) in this age-group over the 
study period. In addi tion to increas ing deaths of despair, we also find evi dence that 
auto ma tion was asso ci ated with ele vated risk of car dio vas cu lar mor tal ity, par tic u larly 
among males aged 55–64, for whom each addi tional robot per 1,000 work ers was 
asso ci ated with an addi tional five deaths per 100,000.5 This find ing is con sis tent with 
an emerg ing lit er a ture linking arealevel eco nomic pros per ity with car dio vas cu lar 
dis ease out comes (Khatana et al. 2021).

Figure 3 pres ents the cor re spond ing anal y sis for females. Here the esti mated effect 
sizes were gen er ally smaller but fol low a sim i lar pat tern: auto ma tion was asso ci ated 
with an increase in all cause mor tal ity among work ingage females, with sta tis ti cally 
sig nifi  cant effects among those aged 20–29 (p < .05) and 45–54 (p < .01). In the lat ter 
group, the aver age increase in auto ma tion led to a rel a tive increase in mor tal ity equal 
to about 59% of the over all decline in all -cause mor tal ity observed over the study 
period (13 deaths per 100,000). As with men, drug over dose mor tal ity among women 
aged 20–29 increased with auto ma tion. Among women aged 30–44, we find that auto-
ma tion was asso ci ated with higher can cer mor tal ity rates.6 The larg est abso lute impact 
was on car dio vas cu lar mor tal ity for women aged 55–64, with each addi tional robot 
per 1,000 work ers asso ci ated with an increase of just under four deaths per 100,000.

Taken together, our find ings reveal a direct link between the rise of auto ma tion 
and the mor tal ity among adults aged 45–54, oper at ing largely through increas ing 
deaths from drug over dose and sui cide. We also see that auto ma tion led to a rel a tive 
increase in over all mor tal ity among youn ger females and, for cer tain age–sex groups, 
increased mor tal ity from causes as var ied as can cer and car dio vas cu lar dis ease.

Robustness Checks

Following Acemoglu and Restrepo (2020), we checked that our find ings were not being 
driven by a sub set of com mut ing zones where adop tion of indus trial robots dis tinctly 
outpaced the rest of the United States. We reestimated our mod els after remov ing these 
“out lier” com mut ing zones and found sim i lar sub stan tive effects (Table A4, col umn 1, 
in the online appen dix).7 We also exam ined the effect of auto ma tion in areas with high 
lev els of manufactur ing employ ment, defined as counties in the top quar tile of the share 

5 In abso lute terms, this is the larg est effect for a spe cific cause of death across all  age–sex groups. However, 
given that the base line rates for car dio vas cu lar dis ease mor tal ity are an order of mag ni tude larger than for 
other dis ease (except for can cer), these effects are in fact smaller in rel a tive (e.g., per cent age increase) terms 
than, for exam ple, the auto ma tiondriven increase in drug over dose deaths among men in any agegroup.
6 Given small sam ple sizes, we fol low stan dard prac tice and aggre gate can cers from all  causes into a sin gle 
sta tis tic for the pur poses of this anal y sis.
7 We also note that Acemoglu and Restrepo (2020) found that the bulk of the effects of auto ma tion on 
labor mar ket out comes were unlikely to be explained by migra tion, and that migra tion in gen eral appeared 
to play a minor role in other stud ies exam in ing the link between eco nomic oppor tu nity and health (Autor 
et al. 2019; Ganong and Shoag 2017; Sullivan and von Wachter 2020).
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14 R. O’Brien et al.

of res i dents employed in manufactur ing in 1980 (Table A4, col umn 2). Notably, we find 
the esti mated effect of auto ma tion on drug over dose mor tal ity and sui cide mor tal ity to 
be sub stan tially larger (and sta tis ti cally dif fer ent) when we restrict our sam ple to com
mu ni ties in which manufactur ing work ers tended to live, con sis tent with the fact that 
auto ma tion affected these work ers the most (Acemoglu and Restrepo 2020).

A key threat to infer ence in our research design is preexisting trends in the out
come of inter est. Namely, areas with greater adop tion of indus trial robots over the 
study period may have already expe ri enced wors en ing mor tal ity. We address this 
pos si bil ity by esti mat ing mod els regressing changes in cause-spe cific mor tal ity rates 
between 1981 and 1992 on auto ma tion between 1993 and 2007 (con di tional on the 
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Fig. 3 Impacts of automation on mortality among females by age-group. Estimates are from a first- 
differences model regressing changes in mortality rates (per 100,000) for each listed age–sex group on 
automation over the period 1993–2007, expressed as the change in the number of industrial robots per 
1,000 workers between 1993 and 2007. Each point (and 95% CI) represents estimates from a separate 
regression (N = 3,108). All models adjust for the characteristics and fixed effects described in Table 1. 
Standard errors are clustered at the state level.
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15Automation and Working-Age Mortality in the United States

same covariates in our main spec i fi ca tion). Large, pos i tive esti ma tes on auto ma tion 
in these mod els would be con sis tent with upwardbias ing preexisting trends. As seen 
in col umn 3 of Table A4 (online appen dix), we find no evi dence of preexisting trends 
of increas ing mor tal ity rates. If any thing, some of the esti ma tes sug gest pretrends in 
the oppo site direc tion. To cor rect for this, we esti mate ver sions of our main model for 
each cause of death while adjusting for the 1981–1992 pretrends; our results are sub-
stan tively unchanged by inclu sion of this covariate (Table A4, col umn 4).

Contextual Moderators

To test for poten tial con tex tual mod er a tors of the effect of auto ma tion on mor tal ity, 
we esti mate ver sions of our core model that addi tion ally include inter ac tion terms 
between the con tex tual mea sure and auto ma tion (as well as inter ac tions between the 
con tex tual mea sure and each of the covariates; see Eq. (2)). For safety net and labor 
mar ket pol i cies, we focus on out comes for males aged 45–54, for whom the effect of 
robots on mor tal ity was larg est (for cor re spond ing anal y sis for females aged 45–54, 
see Table A8 in the online appen dix). For opi oid sup ply, we exam ine all -cause and 
drug over dose mor tal ity for all  work ingage males and females.

Safety Net Programs

We exam ine effect het ero ge ne ity using a com pos ite index of the over all gen er os ity of 
state social safety net pro grams, as well as indi ces of the gen er os ity of two spe cific 
pro grams that vary across state lines: Med ic aid and UI. Note that our pol icy gen er
os ity var i ables are mea sured in 2000, and because this time point falls in the mid dle 
of the study period, esti ma tes on inter ac tion terms can not be interpreted caus ally if 
pro gram gen er os ity was respon sive to eco nomic shocks. Even if they were not, pro
gram gen er os ity may be cor re lated with other pol icy choices or statelevel fac tors. 
Consequently, we con sider this exer cise to be descrip tive.

Table 1 pres ents esti ma tes from our safety net pol icy het ero ge ne ity mod els. Each 
set of rows shows the mar ginal effects (and stan dard errors) obtained from a sep a rate 
regres sion model, with mar gins eval u ated at the 25th and 75th per cen tile of the national 
dis tri bu tion of over all safety net pro gram gen er os ity, as well as spe cifi  cally for Med ic aid 
and UI pro gram gen er os ity. Estimates of the inter ac tion term between auto ma tion and 
safety net pro grams—which effec tively test whether the dif fer ences between effects in 
low ver sus high pro gram gen er os ity areas are sta tis ti cally sig nifi  cant—are presented in 
Tables A9–A11 of the online appen dix. Focusing on coef fi cient mag ni tudes, UI gen er-
os ity appeared to moderate the effect of auto ma tion on all cause mor tal ity for men aged 
45–54. Point esti ma tes indi cated that in states with rel a tively less gen er ous UI ben e-
fits, an addi tional robot per 1,000 work ers was asso ci ated with an increase in all -cause 
mor tal ity of about 16 deaths per 100,000, com pared with about 10 deaths per 100,000 
in states with rel a tively more gen er ous UI pro grams; how ever, these dif fer ences were 
not sta tis ti cally sig nifi  cant (Table A11 in the online appen dix).

Turning to cause-spe cific mor tal ity, we find strong evi dence that state safety net 
gen er os ity—over all, and for both UI and Med ic aid in par tic u lar—mod er ated the 
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effect of auto ma tion on sui cide mor tal ity (with esti ma tes on the key inter ac tion term 
between auto ma tion and pro gram gen er os ity being sta tis ti cally sig nifi  cant; see Tables 
A9–A11 in the online appen dix). We also find evi dence that state Med ic aid pro gram 
gen er os ity sub stan tially mit i gates the effect of auto ma tion on drug over dose mor tal
ity, an inter ac tion effect that was pre cisely esti mated (Table A10 in the online appen-
dix) and con sis tent with prior work. Notably, we find no evi dence that these pro grams 
mod er ated the effect of auto ma tion on other causes of death. Taken together, these 
find ings sug gest that social safety pol i cies may play a uniquely impor tant role in 
blunting the effect of auto ma tion on drug over dose and sui cide deaths.

Labor Market Policies

We next exam ine state labor mar ket pol icy, spe cifi  cally RTW laws and min i mum 
wage rates. Estimates presented in the right panel of Table 1 reveal that the effect of 
auto ma tion on mid dle-aged male all -cause mor tal ity is higher in states with a RTW 
law than in those with out (with the inter ac tion between auto ma tion and RTW being 
sta tis ti cally sig nifi  cant for all -cause mor tal ity at the 10% level; see Table A12 in the 
online appen dix). Point esti ma tes sug gest that every addi tional robot per 1,000 work-
ers was asso ci ated with an increase of 28 deaths per 100,000 in RTW states, com-
pared with about nine deaths per 100,000 in the rest of the coun try. This appears to be 
driven in part by higher rates of sui cide mor tal ity in RTW states in response to auto-
ma tion. We see a sim i lar pat tern when we exam ine state min i mum wage rates: the 
effect of auto ma tion on sui cide mor tal ity was higher in states with rel a tively lower 
min i mum wage rates (Table A13, online appen dix). This again pro vi des sug ges tive 
evi dence that pub lic pol icy—spe cifi  cally state labor mar ket pol i cies—may play an 
impor tant role in blunting the effect of auto ma tion on sui cide deaths.

Local Supply of Prescription Opioids

Finally, Table 2 exam ines het ero ge ne ity in the effect of auto ma tion on all cause 
and drug over dose mor tal ity as a func tion of the countylevel supply of pre scrip tion 
 opi oids (logged mil li gram equiv a lents of mor phine per cap ita) for the year 2000. 
Here, we find that for both males and females of work ing age, the effect of auto ma-
tion on drug over dose mor tal ity was higher in areas with a rel a tively greater sup ply of 
pre scrip tion opi oids. However, this inter ac tion effect was not sta tis ti cally sig nifi  cant 
(see Table A14, online appen dix). The direc tion of this find ing sug gests that opi oid 
sup ply and eco nomic demand may have worked inter ac tively to pro duce the opi oid 
cri sis, a find ing that war rants fur ther explo ra tion in con texts where there may be 
greater sta tis ti cal power to detect true dif fer ences.

Discussion and Conclusion

Technological change has led to increas ing auto ma tion of rou tine tasks, a trend that 
is expected to con tinue in the com ing decades. Since the 1990s, adop tion of labor- 
displacing auto ma tion tech nol o gies in U.S. labor mar kets has coin cided with ris ing 
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rates of mor tal ity, par tic u larly among indi vid u als with lower lev els of edu ca tion. Our 
study sug gests a causal link between these trends, with (aver age) increases in auto
ma tion account ing for a slow down in mor tal ity improve ments equiv a lent to 25% of 
the over all decline in mor tal ity among males aged 45–54 and 59% of the decline for 
females aged 45–54 observed dur ing the study period, portending the stag na tion and 
rever sal in lon gev ity seen in more recent years. We find that this increase is driven 
in large part by increased mor tal ity from socalled deaths of despair, includ ing drug 
over dose and sui cide. The effect of auto ma tion on despair mor tal ity, in turn, appears 
to vary as a func tion of state safety net gen er os ity, prevailing min i mum wage rates 
and right to work laws, and the local level of pre scrip tion opi oid sup ply.

Our find ings have impli ca tions for policymakers and research ers. First, they add 
causal evi dence in sup port of the the ory that declin ing eco nomic oppor tu nity—
whether through auto ma tion or increased expo sure to for eign trade—is a major driver 
of wors en ing pop u la tion health and declines in expected lon gev ity among work ing
age per sons with out a col lege degree (Monnat 2019; Seltzer 2020). Second, the mor
tal ity con se quences of fad ing oppor tu nity are het ero ge neous by sex, age, and cause 
of death. For exam ple, while the larg est impacts were for men aged 45–54, we also 
find impor tant impacts on drug over dose, can cer, and all -cause mor tal ity for youn ger 
women. This reveals that the impact of auto ma tion on mor tal ity extends well beyond 
its direct effect on displaced work ers to shape the pop u la tion health of entire com
mu ni ties. This, in turn, moti vates future research to iden tify and decom pose poten tial 
indi rect or eco log i cal effects: for exam ple, areas hit hard by the forces of dein dus tri
al iza tion face the dou ble whammy of fewer highqual ity jobs and the resulting dete
ri o ra tion in the wealth of tax bases used to fund the pub lic sec tor.

Third, our find ings also reveal that pub lic pol icy plays an impor tant role in miti-
gat ing the effect of dein dus tri al iza tion on pop u la tion health. Efforts to blunt the eco
nomic impacts of auto ma tion on work ers through enhanced social safety net pro grams 
can make a dif fer ence—as can pol i cies that improve local labor mar ket oppor tu ni ties 

Table 2 Impact of auto ma tion on mor tal ity by sex, given the countylevel oxycodone sup ply

AllCause Drug

Sex and Age p25 p75 p25 p75

Male, Ages 20–64 −0.40
(2.88)

−1.76
(6.70)

1.27*
(0.53)

2.08†

(1.05)
Female, Ages 20–64 1.75

(1.16)
2.62

(1.94)
0.60†

(0.32)
1.07†

(0.60)
N (clus ters) 3,058 (48) 3,058 (48)

Notes: Estimates are from a first-dif fer ences model regressing changes in mor tal ity rates for males and 
females aged 20–64 (per 100,000) on auto ma tion over the period 1993–2007, expressed as the change in 
the num ber of indus trial robots per 1,000 work ers between 1993 and 2007. Each set of rows shows the 
mar ginal effects (and stan dard errors) obtained from a sep a rate regres sion model, with mar gins eval u ated 
at the 25th and 75th per cen tile of county-level log mil li gram equiv a lents of mor phine sup plied per cap ita 
in 2000. All mod els adjust for the char ac ter is tics, fixed effects, and inter ac tions described in Table 1. Fifty 
counties did not have out come data. Standard errors are clus tered at the state level.
†p < .10; *p < .05
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19Automation and Working-Age Mortality in the United States

and the qual ity of jobs avail  able to work ers (and “wouldbe work ers”) displaced by 
auto ma tion, such as higher min i mum wage laws or rules that make it eas ier for work
ers to union ize. At the same time, constraining the sup ply of pre scrip tion opi oids is 
crit i cal to reduc ing the like li hood that the eco nomic punch to indi vid u als and com
mu ni ties from the arrival of indus trial robots and reduc tion in manufactur ing employ
ment trans lates into higher rates of drug over dose mor tal ity.

Deindustrialization driven by for eign com pe ti tion and auto ma tion is expected to 
con tinue—per haps even accel er ate—in com ing years. Counteracting these forces 
will require sig nifi  cant pub lic-sec tor invest ment in displaced work ers. It will also 
require national invest ments in these distressed com mu ni ties. To mit i gate the neg
a tive health effects of this struc tural change to the econ omy, policymakers should 
con sider targeting income sup port to this pop u la tion, either by expanding eli gi bil ity 
and/or gen er os ity of existing pro grams or by intro duc ing new trans fer pro grams. At 
the same time, our find ings sug gest there may be real health gains to investing in 
indus trial pol i cies that increase the num ber of qual ity jobs as well as pro grams to 
help work ers develop new skills and tran si tion to new sec tors (Katz et al. 2020). 
Efforts to improve the eco nomic wellbeing of work ers displaced by struc tural shifts 
to the econ omy—from auto ma tion or for eign trade—will have sub stan tial ben e fits 
for pop u la tion health. ■
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