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Abstract

Health technologies aim to improve individual and population health, but
they may also exacerbate health disparities. Focusing on the specific design
features of technologies, their availability, and their use, we present a con-
ceptual framework to examine how health technologies may benefit some
groups more than others by combining the theory of fundamental causes
with a technology-in-practice approach. We examine three classes of tech-
nologies that have been associated with health inequities: once-advanced
technologies such as kidney dialysis and transplantation for end-stage re-
nal disease, which have been plagued by issues of scarcity and fair distribu-
tion, generating racial disparities; the highly anticipated precision medicine
promising to change the focus from population to individualized medicine;
and digital technologies, which may herald a democratization of health care.
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INTRODUCTION

From pregnancy tests and folic acid supplements to ultrasounds at prenatal visits, health technolo-
gies permeate our lives from before we are born until we die. The World Health Organization
defines health technologies as the “application of organized knowledge and skills in the form of
devices, medicines, vaccines, procedures and systems developed to solve a health problem and im-
prove quality of lives” (WHO 2007, p. 106; emphasis added). Technologies range from everyday
tools to the most advanced genomic and robot-assisted surgery devices and span the full range of
care: disease prevention, diagnosis, monitoring, prognosis, and treatment. They include physical
objects, procedures, social interventions, and health-care systems.

With such a broad definitional scope, anything of interest to medical professionals, health pol-
icy makers, and sociologists can be studied through health technologies. To limit this review’s
ambit, we take seriously the mandate of health technologies to “solve a health problem and im-
prove quality of lives” and are particularly interested in how directly or indirectly technologies
generate, perpetuate, or reduce health inequities. Technologies may improve the quality of some
lives and harm others, and we are interested in the social sorting and patterning of technological
changes. Indeed, at the same time that health technologies continue to revolutionize health care,
health disparities in the United States have mostly been increasing (Bleich et al. 2012), but these
developments are not necessarily causally linked.

Early sociologists, swept up by the optimism that technologies would advance medicine, paid
little attention to the health rationale behind technologies. In one of the pioneering studies of
health technologies, Coleman et al. (1966) examined the diffusion of the antibiotic tetracycline
and established the importance of influencers: early adopters of new technologies spreading the
technologies in their networks through a process of social contagion following the classic S-curve
of adoption.1 Yet, while it was critical as a diffusion and social network study, the researchers
ignored why the drug was developed, alternative treatments available to clinicians, and the med-
ical needs of patients (Blume 2013). Considering the disregard for the technology’s rationale, it
is unsurprising that a later study showed the importance of contextual factors in the diffusion
of tetracycline such as an intensive marketing campaign with aggressive pricing, rendering so-
cial influence largely a methodological artifact (Van den Bulte & Lilien 2001). Still, diffusion
studies may explain why health technologies provide a benefit windfall for early adopters, car-
rying over into social stratification if some groups are more likely to adopt than others (Rogers
2003).

While health technologies have been singled out for decades as central actors in health care,
their role in creating and perpetuating health inequities has been of more recent sociological in-
terest. In her 1976 Annual Review of Sociology review on advanced medical technologies, Renée Fox
(1976) linked the proliferation of medical technologies to the emergence of the field of bioethics
and defined the distinct task of sociologists to examine the social fallout and opportunities of organ
transplantation, dialysis, genetics, and medical experimentation. She examined shifts in patient-
doctor interaction, the gift exchange between organ donor and recipient, and challenges tomedical
authority brought by these technologies. She predicted that medical technologies heralded a new
stage of modernity that would bring moral alienation to health care as well as opportunities for
generosity. However, the role of these technologies in addressing health inequities was not part of
the research agenda of early generations of sociologists.2

1Early in the diffusion process, relatively few individuals adopt the innovation,but the rate of uptake accelerates
and finally plateaus as fewer remaining individuals adopt or receive it.
2Fox’s review also drew attention to a shift from medical to health technologies.When Fox wrote, technology
was viewed as medical, reflective of the dominant role of physicians in health care.
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Over the last decades, the social science literatures on health disparities and medical technolo-
gies have continued on two parallel tracks. Scholars documenting the social determinants of health
often start from the assumption that health care (including medical technologies) alone is insuffi-
cient to improve population health (e.g., Braveman et al. 2011), while the science, technology, and
society literature onmedical technologies has beenmore focused on how technologies reconfigure
care practices and subjectivities than on the social stratification following the implementation of
technologies (e.g., Mol 2008). Yet, the pharmaceuticalization of public health (Biehl 2009), which
relies on medicines to achieve population health goals, and the turn to vaccines and screening
programs to protect community health are only some of the reasons to bring these literatures into
dialog with each other and assess for whom technologies improve health.

In the following sections, we situate the broad role of health technologies in health inequities
and offer a conceptual framework for studying the effects of technologies on health disparities
by combining the theory of fundamental causes with a technology-in-practice approach. Then
we zoom in on three classes of technologies that have been associated with inequity: older ad-
vanced technologies such as organ and tissue transplantation, which have been plagued by issues
of scarcity and fair distribution; the highly anticipated precision medicine promising to change
the focus from population to individualized medicine; and digital technologies, which may herald
a democratization of health care.

TECHNO-UTOPIA AND TECHNO-DYSTOPIA

Invested with hope, hype, and fear, health technologies thrive as bandwagons (Fujimura 1988)
and buzzwords (Vincent 2014). They have become heroes and villains in contemporary health
care narratives. On the hero side, recent gains in life expectancy have been attributed to the
implementation of medical technologies. In 1900, the life expectancy in the United States was
47 years. A century later, it had increased to 77 years (Arias 2006). The reduction of mortality
in the first half of the twentieth century was due to population-based public health interventions
such as improved sanitation, public water treatment, sewage management, food inspection, and
municipal garbage collection. These interventions dovetailed with better housing conditions, air
quality improvements, child labor laws, and higher literacy rates (McKeown 1976).

In the second part of the twentieth century, researchers estimate that the average life expectancy
in the United States increased by a further 7 years, and that half of that increase was attributable to
improvements in technology-driven therapies such as pulmonary surfactant therapy, the neonatal
intensive care unit for reducing infant mortality (Frisbie et al. 2004), and various cardiac inter-
ventions for reducing cardiac diseases (Cutler 2004). Similar to the therapeutic transformation of
HIV, health technologies allow health-care providers to diagnose and treat illnesses in ways that
were previously impossible, turning fatal scourges into manageable chronic conditions.

At the same time, life expectancy itself increases continuously with income and education. Be-
tween 2001 and 2014, the gap in life expectancy between the richest 1% and the poorest 1%
of individuals was 14.6 years for men and 10.1 years for women, and this discrepancy increased
over that period (Chetty et al. 2016). The richest Americans gained approximately three years in
longevity, but the poorest Americans experienced no gains.3 Life expectancy actually declined in
theUnited States between 2014 and 2017,mostly among lower-educatedWhite males due to drug
overdose deaths and other deaths of despair (Case & Deaton 2017, Sasson & Hayward 2019).

3While this research provided most of the support for the hypothesis that the poor did best when they lived
in wealthy areas [suggesting a wealth spillover effect (Timmermans et al. 2014)], differences in access to and
use of health technologies may explain some stratification.
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On the villain side, we can distinguish between a humanist and a health policy critique.
Health technologies symbolize the corrosive dehumanization of contemporary medicine, with
care providers treating numbers, tests, and screens rather than the patient’s embodied lifeworld.
The same technologies embraced for their ability to save lives may lead to social suffering and
isolation. Health technologies are also associated with creeping medicalization, where risk factors
such as elevated cholesterol levels are turned into proto-diseases (Rosenberg 2007). In addition,
health technologies have had far-reaching effects on the body, identity, and sociality of the patient
and at the expense of the realms of work, religion, the family, and community (for a review, see
Casper &Morrison 2010).While this literature does not always address health disparities directly,
research has examined how the very design of technologies assumes patients and clinicians have
certain abilities and resources and that the technological set-up makes it more likely for some
actors to appropriate the technology for their purposes (Akrich 1992, Oudshoorn & Pinch 2003).

Economists also consider health technologies in the aggregate to be a primary driver of increas-
ing health-care expenditures (Sorenson et al. 2013). Although there is variation on, for instance,
whether new technologies substitute for existing technologies, and while some technologies may
increase cost for some but be cost-effective for other patients, most medical innovations are cost-
increasing.This is not necessarily problematic if the benefits of health technologies outweigh their
cost and if their opportunity cost remains favorable in comparison to, for instance, investments in
education or the environment. Still, especially in the United States, increasing health-care costs,
with technologies leading the way, exacerbate health-care access problems.

Both the hero and villain narratives of health technologies risk succumbing to technological
determinism: the assumption that technological developments are the key guiding force in how so-
ciety, or health, is structured. The narratives tend to exaggerate technology’s ability to bring about
social change, a tendency exacerbated by the fact thatmany technologies are studied for their antic-
ipated rather than their actual consequences. Drawing from science and technology studies, soci-
ologists have been studying technologies in practice (Timmermans&Berg 2003), following health
technologies from laboratory bench to bedside and seeing how these technologies change existing
medical work. The technology-in-practice approach brackets the technologies’ intended aims and
studies both intended and unintended effects of technologies as they are experienced and mediate
between different health-care goals. This approach often finds that the hope and hype surround-
ing health technologies remain unfulfilled and that technologies generate more nuanced changes
instead. The approach draws attention to specific types of technologies, who has access to the
technology and whose work/lives are affected by the technology, and how the technology is used
in practice. We elaborate on these dimensions after reviewing the theory of fundamental causes.

FUNDAMENTAL CAUSES OF DISEASE

How can we make sense of this sharp bifurcation where technologies have a proven record of sav-
ing lives while also fundamentally altering the nature of health care in ways that exacerbate access,
cost, and health outcome inequities? Link & Phelan’s (1995; Phelan et al. 2010) theory of social
conditions as fundamental causes of health inequities posits that the advantages of social class—
money, knowledge, beneficial social networks, skills, and power—allow the wealthy to proactively
take advantage of biomedical technologies and obtain better health outcomes for a wide range
of diseases. These resources are flexible, multipurpose, and transportable, and they work through
various risk factors that mitigate health outcomes. They can also be exploited in changing con-
ditions with new diseases and health risk factors. Lutfey & Freese (2005) elaborated that when X
is a fundamental cause of Y, this implies that X and Y are linked through multiple mechanisms.
If health policies were able to sever one link (e.g., implementing universal health insurance), the
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relationship between socioeconomic status (SES) and health outcomes would not disappear, but
it would shift or reemerge in different forms over time. To neutralize a fundamental cause would
thus require a radical transformation.

While the theory was initially formulated to explain class disparities, other factors such as gen-
der (Lutfey et al. 2009, Rieker & Bird 2008), age, and racial-ethnic disparities (Phelan et al. 2010)
are also closely associated with resource access.What kind of social disparity matters most?Weiss
et al. (2018) noted the variety of variables used to assess relative advantage due to social positions:
geographical locations (urban-rural); ascriptive factors such as race, class, and gender; and factors
that are to a limited extent amendable such as education, income, and insurance or employment
status. The choice of variable will itself influence whether an impact on social inequality is ob-
servable. We follow the lead of the social science literature: Most of the studies look at variation
by SES, some disparities due to health technologies are studied for gender or racial differences,
and others introduce new forms of inequity (e.g., digital literacy).

Researchers found support for the theory of fundamental causes prediction that new health
technologies will benefit those with higher SES and nonminority ethnic and racial backgrounds.
While at a general level, health technologies have salutary health effects, they nevertheless tend
to exacerbate health inequities, especially in the early stages of their rollout. Once mammogra-
phy was identified as a preventive detection tool for breast cancer, SES-based disparities emerged
(Link et al. 1998). Socioeconomic gradients of health are generally greatest for preventable and
treatable diseases (Phelan et al. 2004). Across a broad range of diseases, improvements in health
technologies benefit those with higher levels of education (Glied & Lleras-Muney 2008). Better-
educated people may have an information advantage, be adept at adopting technologies in their
early stages, have access to health-care providers more familiar with technological innovations,
and have more resources to pay for technologies. Polonijo & Carpiano (2013) found that lower-
SES and racial-minority parents were less likely to know about HPV vaccines, less likely to receive
a recommendation from a health-care provider, and less likely to initiate the three-shot vaccina-
tion series. A study of the prescription of corticosteroid metered dose inhalers for asthma found
that, initially (1989–1990), minority patients were less likely than nonminority patients to have
such an inhaler prescribed, but by 1995–1996, this difference had disappeared (Ferris et al. 2006).
Similarly, African American patients were initially less likely to be treated with implantable car-
dioverter defibrillators, but the discrepancy declined over time (Stanley et al. 2007).

The inverse equity hypothesis predicts that new health interventions will initially reach those
of higher SES, but the early increase in inequity ratios will be followed by a reduction when
higher-SES people have reached a threshold level and those of lower SES gain greater access
to the interventions. Research on the diffusion of coronary procedures, for instance, follows the
inverse equity hypothesis (Korda et al. 2011).

Chang & Lauderdale (2009) offered an important qualification to the theory of fundamen-
tal causes by arguing that this temporal pattern of initial benefits for high-SES and nonminority
groups varies by type of technology. They proposed that the nature of technological change and
the extent of its adoption affect whether technologies will increase or contract health disparities.
Generally, high-SES groups are heavier users of health care and may therefore reap its bene-
fits, widening health disparities. However, technologies can be subdivided into those that require
complex administration regimes and those that simplify treatment. Complex technologies such as
antiretroviral therapy for HIV in the mid-1990s (highly active antiretroviral therapy, or HAART),
which required multiple medicines and up to 24 pills to be timed in a specific daily sequence, and
those that are affected by diet may benefit wealthier patients more. In contrast, simple technolo-
gies such as drugs for hypertension (e.g., beta-blockers and diuretics), which are easy for anyone
to take and depend less on demanding lifestyle changes, may instead reduce health disparities.
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Studying the effect of statins on cholesterol levels between 1976 and 2004, Chang &
Lauderdale (2009) found that income gradients for cholesterol were initially positive but then
reversed in the era of widespread statin use. Once statins were available, overall cholesterol levels
declined across income levels, but the wealthy experienced amuch larger decline in lipid measures.
The benefits of cholesterol management for higher-SES patients suggest that health technologies
can have an effect on resources based on the nature of technological change: If a technology re-
quires more resources for monitoring and managing side effects (like for HIV treatment or statin
treatment), then it is likely that the wealthy may benefit more, but if the health technology levels
the playing field (like with vaccines or blood pressure medication), then disparities may contract.
As Hernandez (2013) also showed, health-care providers and other stakeholders can simplify tech-
nologies by using uniform screening protocols.

The specific material form of a technology, its availability, and actual use thus matter for how a
technology may affect race, gender, age, and class health inequities. Health technologies aimed at
entire populations, requiring little effort, individual motivation, or behavioral changes, are likely
going to be more effective and equalizing (e.g., fluoridation of the water supply, environmental
controls for air pollution). Technologies that are complex, demand resources to access them, and
require mediation—either through the health-care system or through individual uptake—are go-
ing to offer opportunities for the advantaged to game lifesaving or life-enhancing tools to their
advantage.

TECHNOLOGY HEALTH EFFECTS MODEL

We can combine a technology-in-practice approach with the theory of fundamental causes and fo-
cus on how health technologies produce health disparities. The relationship between fundamental
causes and health outcomes originates from the resources people acquire individually and collec-
tively (e.g., money, knowledge). These are leveraged at different levels of engaging with health:
individual, interpersonal, organizational, state, and policy.Reliance on technologies to solve health
issues is one critical mediating social mechanism producing health disparities. It may be most log-
ically classified as a form of health care (at the organizational level), but actors at each one of the
levels are able to shape the type of health technology, its access and availability, and its use. For in-
stance, state regulatorsmay put restrictions on the availability of pharmaceuticals (the technology),
which would be an instance of regulation that has downstream effects on the drug’s affordability
and availability.

From the technology-in-practice approach we know that health technologies are not im-
mutable black boxes having uniform effects on all users but that the kind of health technology,
its origins, its adoption, and the actual use of the technology will produce a variety of intended
and unintended effects on different kinds of users. For these different users, a health technology’s
effects on health outcomes vary from no effect to unequally distributed and equally distributed
effects. The theory of fundamental causes predicts that advantaged people will benefit most, per-
petuating and generating health disparities. However, some health technologies may explicitly
target those with fewer resources [e.g., income support, subsidized health care, and nutrition pro-
grams (Mechanic 2007)], while other technologies may explicitly be directed at minority groups
[e.g., the controversy around cochlear implants and deaf culture (Blume 2013)]. It should also be
noted that if some groups are more likely to take advantage of health technologies, they will only
benefit if the technology is actually health promoting. Because they can afford interventions, the
wealthy are at risk for overtreatment (Welch 2011) or subverting technologies for other purposes.
Lutfey & Freese (2007), for instance, noted that White middle-class diabetic girls deliberately
aimed to keep their glucose levels high because of the side effect of weight loss.
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Combining both theories, we can point to specific ways that health technologies are likely to
produce health disparities.

Technological Design

Variation in a health technology’s design shape circumscribes the users of the technology and
sets the technology apart from competitors. A medication, for example, may be available with or
without prescription, required to be taken with meals, prescribed for narrow indications or off-
label use, andmore effective for some people.Each of these characteristics inmakeup, distribution,
and use has the potential to benefit some people over others.

Development of Health Technologies

The cycle of innovation suggests that new drugs and technologies are first tried out on poor pop-
ulations living around research institutions who then lose access to these innovations when they
become part of standard care (Duff & Hollingshead 1968). Petryna (2009), for instance, showed
how the outsourcing of clinical trials to Eastern European and Latin American countries exposes
populations in these countries to experimental drugs, but these same populations may lose access
when treatment saturation has been reached and the trials move to different shores. At the same
time, when clinical trials are considered a last chance at a promising therapy, those with more
resources advocate for inclusion in such trials (Epstein 1996, 2007).

Regulation of Health Technologies

Countries and states have regulated and approved different technologies and drugs and offer vari-
ous forms of cost control,making some health technologies available to some populations with few
restrictions and others impossible to obtain (Abraham 1995, Gardner et al. 2017). For instance,
the controversy around BiDil, the first drug approved by the US Food and Drug Administration
to treat heart failure that was specifically aimed at African Americans (Kahn 2004), invigorated
the debate about race as a medical category.

Institutional Competition

Costly, advanced technologies serve as a way for hospitals to capture market share. Congruent
with the notion of institutional isomorphism, a technological arms race follows from competition
among comparable institutions. For complex gatekeeper technologies,Menchik (2017) has shown
how clinicians at prestigious research hospitals compete for status, money, and prestige through
the adoption of technologies. The result is a sorting of hospitals with different care philosophies,
capacities, and technological capacities catering to different populations stratified by race and class
(Abraham 1993, Reich 2014). Hospitals that disproportionately serve minority populations, for
instance, face challenges in adopting health information technologies compared to well-resourced
academic medical centers serving wealthier populations (Adler-Milstein et al. 2014).

Social Interaction

Diagnostic and treatment technologies are integral to the patient-doctor interaction, and there-
fore all the physician and patient attributes that produce treatment bias may be enhanced by
the use of health technologies (Spencer & Grace 2016). Polonijo & Carpiano (2013) already
mentioned the role of a user’s knowledge about the technology and a clinician’s prescription
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practices as key explanatory factors for the differential effects of health technologies. As we
elaborate in the discussion of digital technologies, health technologies can also fundamentally
reconfigure the patient-doctor relationship itself.

Health Cultures

Lutfey& Freese’s (2007) comparative analysis of diabetes care in two clinics catering either to low-
SES or to high-SES patients confirmed that at every juncture, those of higher SES benefit from
technological innovations. The wealthy experience more continuity of care, flexible treatment
schedules, and lower costs of compliance. The authors pointed out the compensatory inversion
in which those with the highest chance of educating themselves about diabetes outside the clinic
also receive the best educational resources in the clinic. In an ethnographic study, Gong (2019)
also demonstrated that mental illness for the wealthy and the poor is treated differently, with the
poor having more freedom because of a lack of therapies and the wealthy being strictly under
monitoring and constraints in intensive programs.

Further complicating this set of relationships is the fact that technologies and their outcomes
may also affect the availability of resources different groups bring to health. The feedback loops
from health outcomes to fundamental causes, especially since health is itself a resource to be cap-
italized and commodified.

With this conceptual framework in mind, we can now evaluate how some existing and new
technological developments impact health disparities.

KIDNEY DIALYSIS AND TRANSPLANTATION

One of the temptations of studying health technologies is to focus on the shiniest new toys and lose
track of the older technological infrastructures that create path dependency for what is to come.
Indeed, much of our relationship to health technologies could be characterized as technological
sleepwalking (Winner 2014). Technologies create new conditions, patterns, and structure for hu-
man activity, which in turn engender an unnoticed new normal. The influence of established tech-
nologies in contemporary life can be easily underestimated. For instance, the artificial pacemaker,
with its 300-year development, now occupies a mostly irreflexive place in standard treatment care
to reduce cardiac mortality (Ward et al. 2013). Here we highlight two older technologies, kidney
transplantation and dialysis, which have blended into the health-care infrastructure but still create
path dependency for present-day health disparities.

Chronic kidney disease (CKD) affects approximately 15% of US adults or 37 million people.
Since early stages of kidney disease have no symptoms, reduced kidney function can progress un-
detected, leading to end-stage renal disease (ESRD). In 2016, nearly 125,000 people in the United
States started treatment for ESRD,over half a million Americans received dialysis treatment,more
than 200,000 people lived with a kidney transplant, and around 16,000 kidney transplants were
performed (CDC 2019).

The widespread routine use of dialysis and kidney transplantation arose during the second
part of the twentieth century, when immunosuppression and tissue-typing advancements substan-
tially reduced the risk of kidney rejection and successfully improved matching between donor
and recipients and when dialysis treatment became a recommended therapy (Blagg 2007). Later,
the passage of the amendment of the Social Security Act in 1972 helped to establish a unique
infrastructure: Patients with CKDwould receive Medicare coverage regardless of age. This inclu-
sive, egalitarian policy is exceptional in the United States; no other patient group was, or presently
is, eligible for universal health coverage.
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Despite these implicit guarantees of equal access to optimal renal treatment, a robust litera-
ture indicates that this system of care creates disparities at nearly every juncture from diagno-
sis and assessment to treatment type, showcasing how the effects of technologies on health in-
equities are multiple, flexible, and institutionalized into every aspect of health care and social life.
CKD and ESRD are characterized by marked differences in incidence; prevalence; and compli-
cations across gender, age, race/ethnicity, SES, and geographic boundaries. In fact, ESRD re-
mains one of the most dramatic examples of racial/ethnic health inequities, with incidence rates
for African Americans, American Indians, Alaskan Natives, Asians, Native Hawaiians, other Pa-
cific Islanders, and Hispanics ranging from 1.5 to 3.9 times those of age-adjusted, non-Hispanic,
White counterparts (Norris & Agodoa 2005). These inequalities impart especially deleterious
effects among Black ESRD patients and persist when controlling for lower SES and lack of insur-
ance (Hsu et al. 2003).These disparities are unlikely to be genetic; variations between racial/ethnic
groups are modest at best and much smaller than variations within groups.

Racial disparities in pre-ESRD nephrology access have changed little in the last 20 years.
Black patients are less likely to receive any pre-ESRD care, and once having started dialysis,
Black patients are less likely to have met with a nephrologist 12 months prior. Lack of timely
access to nephrology care is associated with suboptimal pre-ESRD nephrology care, poor prepa-
ration for the initiation of dialysis, and adverse clinical outcomes after the initiation of dialysis,
including higher mortality rates (Norris et al. 2017). Once patients are referred to a nephrologist,
racial/ethnic disparities persist in treatment type. In the United States, the preferred treatment
option is usually kidney transplantation or at-home dialysis, while in-center dialysis is considered
less desirable. However, Black ESRD patients are less likely than White patients to begin treat-
ment involving either kidney transplant or at-home dialysis care (Norris et al. 2017).

Among patients who begin dialysis, racial minority patients are significantly less likely to be
treated with home dialysis thanWhite patients (US Ren.Data Syst. 2018), and Black patients who
begin dialysis treatment at home are more likely to eventually transfer to in-center treatment in
comparison to White patients (Mehrotra et al. 2016). Home dialysis offers patients with ESRD
greater flexibility and independence. In contrast, the in-clinic dialysis treatment process requires
patients to dedicate ample time to frequent clinic visits. These clinic visits can usually last 3 or
4 hours and occur 3 times a week, imposing limitations on patients’ work and travel (Abraham
1993).

Dialysis treatment facilities also vary in quality. Dialysis facilities located in predominantly
Black communities have higher mortality rates and are less likely to comply with performance
targets (Norris et al. 2017, Rodriguez et al. 2007). Black patients are also less likely than White
patients to attend a high-quality dialysis facility, even when controlling for neighborhood poverty
and racial composition of the patient’s neighborhood (Saunders et al. 2014). Among patients re-
ceiving dialysis, Black dialysis patients are more likely than White dialysis patients to wait longer
to be placed on a kidney transplant waitlist. Longer time spent on dialysis is associated with sig-
nificantly poorer patient survival and graft survival rates after transplantation ( Joshi et al. 2013).

In comparison to dialysis, kidney transplant recipients typically experience substantial quality
of life improvements. The mortality rate for transplant recipients is 48% to 82% lower than
for those on dialysis, and with consistent use of immunosuppressant medication, a donor kidney
can last for many years (Wolfe et al. 1999). However, racial disparities persist in access to kidney
transplantation in all stages of the process, starting with referral (Norris & Nissenson 2008).
Evidence suggests that disparities in access to kidney transplantation are partially related to
disparities in assessment for transplant suitability (Young & Gaston 2000). Patients who are not
assessed are less likely to be placed on the waiting list and less likely to receive a transplant. Black
patients are among the least likely to be assessed for transplantation (around the time of dialysis
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initiation) even after controlling for insurance type ( Johansen et al. 2012), and this disparity is
not evident among other racial/ethnic minority patient groups (Young & Gaston 2000). Research
indicates that physicians are less likely to believe that transplantation improves survival for Black
patients than for White patients (Ayanian et al. 2004). However, some preliminary scholarship
on social networks suggests that informational social support among Black patients is correlated
with waitlist placement. Black patients who had people in their social network with information
about kidney transplantation were more likely to be placed on the kidney transplant waiting list
regardless of the structure (density or strength) of their social network (Browne 2011).

Once patients are placed on the kidney transplant waiting list, racial and socioeconomic dis-
parities in access to kidney transplantation exist in donor organ receipt (Hsu et al. 2003). Since
the need for transplantable organs far exceeds the available supply, a nationwide priority system,
the Kidney Allocation System, guides the distribution of organ donations. The current priority
system employs a rank order list that considers many factors to allocate kidneys such as age of
the recipient, blood type of donor and recipient, organ size, and distance of the recipient from
the donor kidney. Historically, Black ESRD patients have experienced reduced access to the wait-
ing list and longer waiting times to receive a transplant compared with White ESRD patients
(Young & Gaston 2000). Black patients residing in rural neighborhoods are especially likely to
be wait-listed and transplanted than Black patients residing in urban communities (Patzer et al.
2009).

Revisions to the allocation system have attempted to remediate these inequalities and improve
outcomes. However, despite revisions, disparities persist in transplant receipt, especially between
White and Black patients: Black ESRD patients are less than half as likely as similar non-Hispanic,
White patients to receive kidney transplants. Although 37% of those undergoing dialysis are Black
patients, Black patients receive only 25% of cadaveric kidneys and 14% of kidneys from living
donors (Young & Gaston 2000). Black patients who do receive transplants remain on the trans-
plant waiting list twice as long as non-Hispanic, White patients (1,185 versus 605 days) (Young
& Gaston 2000). A frequently cited cause of this disparity, the differential access hypothesis, sug-
gests that disparities are attributable to decreased availability ofmedically compatible living kidney
donors within Black patients’ kinship networks. However, Daw (2014) has shown that these racial
disparities in transplantation are unlikely to be the result of network differences: Black transplant
candidates are more likely to have access to suitable kin donors than White patients.

Finally, among patients who receive kidney transplants, sociodemographic disparities exist in
health outcomes.These disparities in kidney transplant outcomes occur by age, gender, level of ed-
ucation, geography, and race/ethnicity. Male patients, older patients, unemployed patients, single
patients, and patients with less education face poorer rates of graft survival. Overall, Black recipi-
ents experience worse graft function and shorter graft survival in comparison toWhite recipients.
Furthermore, patients who live farther from transplant centers and in low-income neighborhoods
have lower graft survival rates (Gordon et al. 2010). Research suggests that some nonimmuno-
logic variables may play an important role, including the duration of pretransplantation dialysis,
diabetes, and access to medical care. Yet, these mechanisms also include a combination of both
population-based determinants (e.g., health literacy, residential segregation) and health service–
based determinants (e.g., providers’ health beliefs and behaviors) (Sue & Dhindsa 2006).

In sum, there is little doubt that kidney treatment is lifesaving for ESRD patients. The United
States has created a unique, one-off system of universal insurance for patients with a specific
disease category centered around two health technologies: dialysis and kidney transplantation.
Yet, in spite of this universality and at every turn, White kidney patients benefit in ways that
Black patients do not. There is not a single cause but a number of both distinct and intertwined,
mutually reinforcing social mechanisms that produce these health disparities spanning the range

592 Timmermans • Kaufman



from health-care-specific issues such as institutional racism to broader inequities in social life,
including residential segregation (Norris & Nissenson 2008).

PERSONALIZED MEDICINE

Unlike the well-established track record of kidney dialysis and transplantation, personalized
medicine is still a science in the making, and the impact on health inequities remains undeter-
mined. In the postgenomic era, stratified, personalized, and precision medicine aim to replace the
one-size-fits-all approach to medical care with approaches tailored to the individual patient. This
individualization often rests upon the patient’s genetic makeup: Genetic sequencing may inform
an individual’s risk for developing various diseases and response to medications (Prainsack 2017).
Pharmacogenomics, for instance, uses genomic findings as a basis for recommending drugs to
which the patient is likely to respond. Unlike the earlier understanding of personalizing medicine
as engaging with the social needs of patients (Tutton 2012), personalized medicine involves an
individualization of risk with an implied responsibility to optimize one’s health (Rose 2007).

The notion of gene worlds draws attention to the uneven distribution of genetic technolo-
gies and knowledge across diseases, populations, and geographies with inequitable consequences
(Timmermans & Shostak 2016). Some diseases have turned genetic in the sense that they are now
understood primarily through a genetic lens, and entire disease taxonomies have been molecular-
ized (Paul 1997). And similar to the reliance on forensic DNA databases in the criminal justice
system, some populations are more likely to see their genomes sequenced and included in ref-
erence databases and biobanks. Genome-wide association studies (GWASs), for instance, aim to
systematically compare genetic data derived from individuals with and without a particular disease
to identify genetic variants that are associated with the disease under study. Minority populations
are often underrepresented in GWASs, potentially skewing the interpretations in ways that can
lead tomisdiagnosis and perhaps contribute to global health inequities if the research leads to clin-
ically relevant knowledge.Consequently,minority rights and patient groups advocate to have their
conditions included in research endeavors (Epstein 2007,Gibbon et al. 2018). Yet, including these
populations risks racial and ethnic stigmatization if certain groups are associated with genetic risk
profiles (Fullwiley 2007, Lewontin 2001). De Vries et al. (2012) argued that the risk for stigmati-
zation is greatest when the minority groups are already stigmatized or the genomic information
has normative implications (e.g., genomic information reflecting back on sexual behavior).

In an early prediction about the impact of genomics on culture, anthropologist Paul Rabinow
(1992) argued that traditional social classification such as gender and race will lose salience as
a basis for group formation and will be transformed and joined by categories based on genetic
markers, a process he called biosociality. Drawing from Foucault, this transformation signified a
broader biopolitical shift from normalizing to optimizing the health of populations. The predic-
tion proved partly true.Navon (2011) refined biosociality with the notion of genomic designation,
which captures how new disease syndromes emerge based largely on genetic mutations without
necessarily a phenotype of shared symptoms. For instance, the discovery of a small missing piece in
the middle of chromosome 22 led to the designation of 22q11.2 Deletion Syndrome. Despite the
fact that features of the syndrome vary widely (affecting almost any part of the body), patients with
22q11.2 Deletion Syndrome formed patient groups, and the mutation received intense scientific
study.

Yet, Rabinow’s (1992) intuition that genomic sequencing would displace gender and race as
social categorizations was also partly misguided. Genomics, as Roberts (2011), Duster (1990), and
others have argued, has become the new race science, with self-reported race categories widely
used as rough proxies for allele and haplotype variation in patients and with scientists relying
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on nonscientific racial and ethnic categories (Fullwiley 2007). In light of a history of eugenics
(Comfort 2012), age-old assumptions about racial differences and segregationist and colonial his-
tories permeate how geneticists conceptualize race, delineate subpopulations, sample data, im-
plement analytical algorithms, and rely on evolutionary theory to theorize and report ethnic and
race-based differences (Morning 2012). Phelan et al. (2013) used a vignette study to test Duster’s
(1990) assertion that reports of specific genetic bases of disease, because they are presented as ob-
jective facts, may heighten public belief in more pervasive racial differences. They showed that a
news story vignette reporting a specific racial difference in genetic risk for heart attacks produces
significantly greater belief in essential racial differences than do alternative vignettes portraying
race as a social construction or a no-vignette condition. “Rather than gross characteristics such as
intelligence or personality,” Rabinow & Rose (2006, p. 208) suggested that genomics as the an-
chor of the new biopolitics will target individualized interventions according to a vitality logic. Au
contraire, Richardson (2011) showed that novel research on the link between the genomic basis
of race and IQ research has given a discredited research area some legitimacy in the reconstituted
field of evolutionary cognitive genetics (see also Panofsky 2014).

How do these genomic data make a difference in the clinic? Regardless of the link to health
inequities, researchers have found that in spite of the so-called genohype of fundamental trans-
formations and genetic essentialism (Freese & Shostak 2009), the availability of genetic infor-
mation is not deterministic for diagnosis or treatment (Weiner et al. 2017). Instead, the recep-
tion of genomic findings depends on the seriousness of the disease and how the findings con-
firm what people already thought or feared. Thus, clinicians up- or downgrade variants of clinical
uncertainty depending on how they see these mutations fitting the patient’s phenotype (Pilnick
2004, Timmermans & Stivers 2017). Patients, in turn, filter the results based on how they match
their own understanding of risk and symptoms running in their families. Genetic susceptibility to
diseases with devastating prognoses is often taken more seriously than risk factors for more be-
nign conditions (Weiner 2011). But even there, experience with disease and disability may trump
genetic knowledge (Raspberry & Skinner 2011). While genetic information may spill over be-
yond the patient and put recipients in a holding pattern as patients in waiting (Timmermans &
Buchbinder 2010), families resist and accommodate genetic knowledge (Rapp 2000).

More specifically to health inequities, anthropologists Hunt & Kreiner (2013) interviewed pri-
mary care physicians about their expectations for personalized medicine and found that the ma-
jority of physicians would decide on genetic tests based on family history and presumed racial
risk factors. These physicians mentioned that they had been taught to prescribe antihypertensive
drugs differently for their African American patients [this remains controversial; see Kahn (2004)].
Hunt & Kreiner (2013, p. 228) concluded that personalized medicine “can be converted into carte
blanche for practicing racializedmedicine.”Research in disability studies has warned that genomic
technologies may be appropriated in prenatal testing for eugenic purposes (Shakespeare 2005).
Wealthy and highly educated parents of children with disabilities may also marshal genomic test
results to convince school systems to provide additional services (Stivers & Timmermans 2017).

As Skinner (2006) pointed out, however, it is impossible to calculate the extent to which the
clinical application of genomic information has introduced or exacerbated measurable health in-
equities.We know, for instance, that while genome-targeted therapies and immunotherapy helped
drive down cancer mortality rates in recent years, much bigger drops will follow from eliminating
socioeconomic disparities (Prasad 2020). While the postgenomic era offers many disturbing in-
stances of locating genetic risks among racial groups and reincarnations of biological racism, such
essentializing moves also receive a heavy backlash, with public denouncements, political and com-
munity pushback (Tallbear 2013), and exposés from social scientists (Panofsky 2014). At the same
time, enthusiasm for personalized medicine may also be a threat to health equity, with investment
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in genomic research crowding out funding for social determinants of health disparities (Arcaya &
Figueroa 2017).

DIGITAL HEALTH

In the field of eHealth or digital health, technological innovations, including health informa-
tion systems, electronic patient records, wireless mobile digital devices, wearable biosensors,
telemedicine, social media sites, and electronic support groups, are ubiquitous. Such technologies
come with high expectations of improving communication between health-care providers and
patients or, alternatively, of sustaining lay health promotion. Digital technologies also promise
to reduce health-care costs and to erase the health knowledge disparity between providers and
patients by making health information accessible at everyone’s fingertips. Digital health signifies
an expansion from medicine to health. In the era of lifestyle diseases such as overeating, under-
exercising, stressing, and smoking, everyone is constantly at risk of sickness, and staying healthy
permeates everyday activities (Rosenberg 2007). Consequently, entire industries have sprung up
to track, calculate, mine, visualize, and share health data with Internet-connected wearable health
monitoring devices (Schüll 2016).

This is a rapidly moving area of heterogeneous and multifaceted innovations, where more
research attention has been focused on keeping up with the developments within digital health
than with their effects on health outcomes, not to mention their role in health disparities. The
Pew Research Center’s Internet and American Life project found in 2012 that 59% of adults went
online for health information in the previous year, and 35% went to diagnose themselves (Fox &
Duggan 2013). One-quarter of American 13- to 18-year-olds reported using health-related apps
and/or wearable devices (Wartella et al. 2016). In spite of fears among clinicians that Dr. Google
is replacing the clinic visit, the use of online resources complements rather than substitutes for
clinicians’ expertise. The Pew Research Center study found that 53% of online diagnosers talked
with a clinician about what they found, and 41% had their condition validated by a clinician (Fox
& Duggan 2013). Other studies have confirmed that clinicians remain the main source of health
information and that, especially during health crises, people rely on health information from clin-
icians rather than the Internet (Gage & Panagakis 2012,Miller &West 2009). The Pew Research
Center study also showed that 16% of adults have gone online in the past year to find others who
share the same health concerns (Barker 2008, Fox & Duggan 2013, Raz et al. 2018). Already in
2012, half of smartphone owners used their devices to get health information, and 20% relied on
health apps (Fox & Duggan 2012). A systematic review of 12- to 25-year-olds identified only two
empirical studies that measured the health-related effects of using nutritional and/or physical
activity apps (Dute et al. 2016). Some of these apps may motivate weight reduction, but other
nonrandomized interventions did not show significant differences in nutrition or physical activity.

Does digital health reinforce and introduce new inequities, or will it instead reduce inequal-
ity by lowering the cost of information and enhancing health among vulnerable populations
(DiMaggio et al. 2001)? Digital inequity has been recognized as a distinct form of social in-
equity: Those who engage most in digitally mediated life enjoy advantages over their digitally
disadvantaged counterparts (Robinson et al. 2015). We know that women, young people, White
adults, those with at least a college degree, and those in households earning more than $75,000 are
more likely to peruse health information online (Ayers & Kronenfeld 2007, Fox & Duggan 2013,
Kontos et al. 2014, Zhao 2009). Differential engagement with online health data combined with
different health lifestyles may reinforce health inequities (Hale 2013). Yet, while digital engage-
ment in health is structured by class, race, and gender, digitally acquired knowledge may also give
some people of traditionally disadvantaged groups—such asminority youth—an edge to overcome
their lack of cultural health capital (Shim 2010, Zhao 2009). The effects of digital health are thus
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multifaceted: Such technologies may reinforce existing social inequalities by carrying preexisting
differences in human capital into online settings; they can create new lines of divisions based on
digital engagements; or, with targeted interventions (Anderson-Lewis et al. 2018), they can help
some groups decrease disparities.

A fundamental structural inequity persists between those targeted for data collection and the
companies who collect, transfer, store, and mine large quantities of data in order to monetize
them. Apps and online platforms, including those used for genetic testing, monetize proprietary
health information to tech firms, pharmaceutical companies, hospitals, health insurers, adver-
tisers, credit rating companies, and medical device makers (Hogle 2016, Lupton 2014). As with
genomic information, such technologies that scrape health data may either systematically exclude
underrepresented groups or exploit their data for applications that are unlikely to benefit those
providing the data.

The literature suggests several social mechanisms by which digital health technologies may
accelerate health inequities. Many digital health solutions are patient facing, shifting responsibil-
ity for preventative health onto patients. In contrast to the notion that digital health technologies
“position the neoliberal self as a responsible citizen, willing and able to take care of her or his
self-interest and welfare” (Lupton 2013, p. 263), Schüll (2016) argued that datafication rests on a
behavioral nudge—as popularized by behavioral economists Thaler and Sunstein’s vision of liber-
tarian paternalism—for healthy lifestyles by reframing rather than restraining choices. Instead of
self-responsibility, the underlying vision for humanity is one of freedom of choice but weakness to
follow through, valuing one’s choices but delegating responsibility to external technologies sup-
plementing behavior with micronudges. Studies show, however, that these same micronudges may
lead to negative feelings when people miss targets (Goodyear et al. 2017).

Secondly, because the Internet lowers the cost of generating and disseminating information,
some studies also start to examine the accuracy of information available online, implying that some
populations may be more vulnerable to misinformation. Research has documented some of the
extent of misinformation, but less is known about its (differential) reception. A network analysis
of 2.5 million tweets collected over an 8-month period showed that the main purveyors of dia-
betes information are a mixture of stock-listed firms; public, civil, and grassroots organizations;
and individuals who have experience with diabetes as patients and caregivers. The authors noted
that it is “difficult for Twitter users to be ‘informed citizens’ and discern legitimate from mis-
leading or discredited information, or a bona-fide health expert from a social-media expert, or a
marketer with business motivations from a marketer with public health ones” (Beguerisse-Diaz
et al. 2017, p. 20). More deliberate fake health news and misinformation have proliferated in the
areas of vaccination, virus infections (e.g., Zika, Ebola), cancer, and cardiovascular diseases, where
online communities favor conspiracy theories with discussions that revolve around rhetorical and
personal arguments of fear and distrust (Wang et al. 2019). The misleading portrayal of tobacco’s
health consequences as promulgated by the tobacco industry introduces positivity toward smok-
ing (Albarracin et al. 2018). Little is known, however, about whether some populations are more
susceptible to Internet misinformation, as either producers or consumers.

While there is little doubt that digital health technologies are widely used, it is difficult to dis-
entangle digital technologies’ independent effects on social inequities, because these technologies
are so intertwined with every aspect of wellness and health care, many of them take off quickly
and widely, and they may have few observable, direct health effects.

CONCLUSION

Health technologies will, at best, explain only part of the social disparities in population mortality
and morbidity. Researchers have drawn attention to social determinants as not only perpetuating
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health inequities but also erasing some of the gains made with technical interventions (e.g.,
McKinlay & McKinlay 1977). Yet, besides their ubiquity in medical care, health technologies
are central in many population-based public health initiatives, and these technologies have
been increasingly embraced as part of everyday wellness and life enhancement routines. This
overview demonstrates a recurring technology population health paradox: Taken together,
health technologies are health promoting, but they also tend to exacerbate health disparities,
because people with resources are able to take advantage of these technologies sooner and more
effectively. In spite of the hopes and fears that new generations of technologies will revolutionize
health, it is unclear that all technologies have measurable health benefits.Morbidity and mortality
outcomes and disparities are well documented for kidney dialysis and transplantation, but the
clinical actionability of genomic science remains in the early stages, and there seems to be lots of
variation (and little research) on the population effects of digital health.

The conceptual framework we advanced to study the health effects of technologies draws at-
tention to the specificity of individual technologies: the design aspects of technologies, their dis-
semination and availability, and the actual use of the technologies. Each one of these elements can
be influenced by remote decisions such as a regulatory environment and market conditions, by
more proximate events such as a clinician prescribing a technology to some people but not to oth-
ers, or by an intended user deciding to ration medications as a cost-saving strategy. Technologies
that are universally available and require little human input are likely more egalitarian than those
that require any kind of resources to make the technology work.

This framework is theoretically compatible with Marxist theories focusing on the profit mo-
tives in the overselling of technologies to mystify the roots of ineffective practices: It is a matter
of mapping those who benefit financially from health technologies (Waitzkin 2000). In the con-
text of global health, Paul Farmer (2005) and others, for instance, have demonstrated that entire
health-care systems lack access to basic, lifesaving treatments that are available elsewhere. These
transnational inequities produce preventable deaths and structural suffering. The model connects
with a social constructivist approach that focuses on how technologies get settled and used (Bijker
et al. 1989). Finally, it is also compatible with an actor-network approach to the study of tech-
nology focusing on how technologies act in shifting configurations of networks (Latour & Venn
2002). For those theories enamored with technology-driven shifts in morality, social relationships,
and subjectivity, the model cuts sharply to the chase: Do health technologies benefit health, and if
so, for whom? Underuse of health technologies for some, overuse for others, and misuse for many
lead to an erosion of the life-enhancing and lifesaving potential of these technologies.

DISCLOSURE STATEMENT

The authors are not aware of any affiliations, memberships, funding, or financial holdings that
might be perceived as affecting the objectivity of this review.

ACKNOWLEDGMENTS

We thank Daniel Navon, Tanya Stivers, and the reviewer for helpful comments.

LITERATURE CITED

Abraham J. 1995. Science, Politics and the Pharmaceutical Industry: Controversy and Bias in Drug Regulation.
London: UCL Press

Abraham LK. 1993.Mama Might Be Better Off Dead. Chicago: Univ. Chicago Press
Adler-Milstein J, Kvedar J, Bates DW. 2014. Telehealth among US hospitals: several factors, including state

reimbursement and licensure policies, influence adoption.Health Aff. 33:207–15

www.annualreviews.org • Technologies and Health Inequities 597



Akrich M. 1992. The de-scription of technical objects. In Shaping Technology/Building Society: Studies in So-
ciotechnical Change, ed. W Bijker, J Law, pp. 205–24. Cambridge, MA: MIT Press

Albarracin D, Romer D, Jones C, Hall Jamieson K, Jamieson P. 2018. Misleading claims about tobacco prod-
ucts in YouTube videos: experimental effects of misinformation on unhealthy attitudes. J. Med. Internet
Res. 20:e229

Anderson-Lewis C, Darville G,Mercado RE,Howell S, Di Maggio S. 2018. mHealth technology use and im-
plications in historically underserved andminority populations in the United States: systematic literature
review. JMIR Mhealth Uhealth 6:e128

ArcayaMC,Figueroa JF. 2017.Emerging trends could exacerbate health inequities in theUnited States.Health
Aff. 36:992–98

Arias E. 2006. United States life tables, 2003.Natl. Vital Stat. Rep. 54:1–36
Ayanian JZ, Cleary PD,Keogh JH,Noonan SJ,David-Kasdan JA, Epstein AM. 2004. Physicians’ beliefs about

racial differences in referral for renal transplantation. Am. J. Kidney Dis. 43:350–57
Ayers SL,Kronenfeld JJ. 2007.Chronic illness and health-seeking information on the Internet.Health 11:327–

47
Barker K. 2008. Electronic support groups, patient-consumers, and medicalization: the case of contested ill-

ness. J. Health Soc. Behav. 49:20–36
Beguerisse-Diaz M,McLennan AK, Garduno-Hernandez G, Barahona M, Ulijaszek SJ. 2017. The ‘who’ and

‘what’ of #diabetes on Twitter.Digit. Health 3:1–29
Biehl J. 2009. The Will to Live. Princeton, NJ: Princeton Univ. Press
Bijker WE, Hughes TP, Pinch T. 1989. The Social Construction of Technological Systems. Cambridge, MA: MIT

Press
Blagg CR. 2007.The early history of dialysis for chronic renal failure in the United States: a view from Seattle.

Am. J Kidney Dis. 49:482–96
Bleich SN, Jarlenski MP, Bell CN, LaVeist TA. 2012. Health inequalities: trends, progress, and policy. Annu.

Rev. Public Health 33:7–40
Blume SS. 2013. Medical innovations: their diffusion, adoption, and critical interrogation. Sociol. Compass

7(9):726–37
Braveman P, Egerter S, Williams DR. 2011. The social determinants of health: coming of age. Annu. Rev.

Public Health 32:381–98
Browne T. 2011. The relationship between social networks and pathways to kidney transplant parity: evidence

from black Americans in Chicago. Soc. Sci. Med. 73(5):663–67
Case A, Deaton A. 2017.Mortality and morbidity in the 21st century. Brookings Pap. Econ. Activity, Brookings

Inst., Washington, DC
Casper MJ,Morrison DR. 2010.Medical sociology and technology: critical engagements. J. Health Soc. Behav.

51(Suppl.):S120–32
CDC (Cent. Dis. Control Prev.). 2019. Chronic kidney disease in the United States, 2019. Fact Sheet, CDC, US

Dep. Health Hum. Serv., Atlanta, GA
Chang VW,Lauderdale DS. 2009. Fundamental cause theory, technological innovation, and health disparities:

the case of cholesterol in the era of statins. J. Health Soc. Behav. 50:245–60
Chetty R, Stepner M, Abraham S, Lin S, Scuderi B, et al. 2016. The association between income and life

expectancy in the United States, 2001–2014. JAMA 315:1750–66
Coleman JS, Katz E, Menzel H. 1966.Medical Innovation: A Diffusion Study. Indianapolis, IN: Bobbs-Merrill

Co.
Comfort N. 2012. The Science of Human Perfection: How Genes Became the Heart of American Medicine. New

Haven, CT: Yale Univ. Press
Cutler DM. 2004. Your Money or Your Life: Strong Medicine for America’s Health Care System. Oxford, UK:

Oxford Univ. Press
Daw J. 2014. Of kin and kidneys: Do kinship networks contribute to racial disparities in living donor kidney

transplantation? Soc. Sci. Med. 104:42–47
de Vries J, JallowM,Williams TN, Kwiatkowski D, Parker M, Fitzpatrick R. 2012. Investigating the potential

for ethnic group harm in collaborative genomics research in Africa: Is ethnic stigmatization likely? Soc.
Sci. Med. 75:1400–7

598 Timmermans • Kaufman



DiMaggio P, Hargittai E, Neuman WR, Robinson JP. 2001. Social implications of the Internet. Annu. Rev.
Sociol. 27:307–36

Duff RS, Hollingshead AB. 1968. Sickness and Society. New York: Harper & Row
Duster T. 1990. Backdoor to Eugenics. New York: Routledge
Dute DJ, Bemelmans WJ, Breda J. 2016. Using mobile apps to promote a healthy lifestyle among adolescents

and students: a review of the theoretical basis and lessons learned. JMIR Mhealth Uhealth 4:e39
Epstein S. 1996. Impure Science: AIDS, Activism, and the Politics of Knowledge. Berkeley: Univ. Calif. Press
Epstein S. 2007. Inclusion: The Politics of Difference in Medical Research. Chicago: Univ. Chicago Press
Farmer P. 2005. Pathologies of Power: Health, Human Rights, and the New War on the Poor. Berkeley: Univ. Calif.

Press
Ferris TG, Kuhlthau K, Ausiello J, Perrin J, Kahn R. 2006. Are minority children the last to benefit from

a new technology? Technology diffusion and inhaled corticosteroids for asthma. Med. Care 44:81–
86

Fox RC. 1976. Advanced medical technology—social and ethical implications. Annu. Rev. Sociol. 2:231–68
Fox S, Duggan M. 2012.Mobile health 2012. Rep., Pew Res. Cent., Washington, DC
Fox S, Duggan M. 2013.Health online 2013. Rep., Pew Res. Cent. Washington, DC
Freese J, Shostak S. 2009. Genetics and social inquiry. Annu. Rev. Sociol. 35:107–28
Frisbie PW, Song S-E, Powers DA, Street JA. 2004. The increasing racial disparity in infant mortality: respi-

ratory distress syndrome and other causes.Demography 41:773–800
Fujimura JH. 1988. The molecular biological bandwagon in cancer research: where social worlds meet. Soc.

Probl. 35:261–83
Fullwiley D. 2007. Race and genetics: attempts to define the relationship. BioSocieties 2:221–37
Gage EA, Panagakis C. 2012. The devil you know: parents seeking information online for paediatric cancer.

Sociol. Health Illn. 34:444–58
Gardner J, Higham R, Faulkner A, Webster A. 2017. Promissory identities: sociotechnical representations &

innovation in regenerative medicine. Soc. Sci. Med. 174:70–78
Gibbon S, Kilshaw S, Sleeboom-Faulkner M. 2018. Genomics and genetic medicine: pathways to global

health? Anthropol. Med. 25:1–10
Glied S, Lleras-Muney A. 2008. Technological innovation and inequality in health.Demography 45:741–61
Gong N. 2019. Between tolerant containment and concerted constraint: managing madness for the city and

the privileged family. Am. Sociol. Rev. 84:664–89
Goodyear VA,Kerner C,QuennerstedtM. 2017. Young people’s uses of wearable health lifestyle technologies;

surveillance, self-surveillance and resistance. Sport Educ. Soc. 24:212–25
Gordon EJ, Ladner DP, Caicedo JC, Franklin J. 2010. Disparities in kidney transplant outcomes: a review.

Semin. Nephrol. 30:81–89
Hale TM. 2013. Is there such a thing as an online health lifestyle? Examining the relationship between social

status, Internet access, and health behaviors. Inform. Commun. Soc. 16:501–18
Hernandez EM. 2013. Provider and patient influences on the formation of socioeconomic health behavior

disparities among pregnant women. Soc. Sci. Med. 82:35–42
Hogle LF. 2016. Data-intensive resourcing in healthcare. BioSocieties 11:372–93
Hsu CY, Lin F, Vittinghoff E, Shlipak MG. 2003. Racial differences in the progression from chronic renal

insufficiency to end-stage renal disease in the United States. J. Am. Soc. Nephrol. 14:2902–7
Hunt LM, Kreiner MJ. 2013. Pharmacogenetics in primary care: the promise of personalized medicine and

the reality of racial profiling. Cult. Med. Psychiatry 37:226–35
Johansen KL, Zhang R, Huang Y, Patzer RE, Kutner NG. 2012. Association of race and insurance type with

delayed assessment for kidney transplantation among patients initiating dialysis in the United States.
Clin. J. Am. Soc. Nephrol. 7:1490–97

Joshi S, Gaynor JJ, Bayers S, Guerra G, Eldefrawy A, et al. 2013. Disparities among blacks, hispanics, and
whites in time from starting dialysis to kidney transplant waitlisting. Transplantation 95(2):309–18

Kahn J. 2004. How a drug becomes “ethnic:” law, commerce, and the production of racial categories in
medicine. Yale J. Health Policy Law Ethics 4:1–46

Kontos E, Blake KD, Chou WY, Prestin A. 2014. Predictors of eHealth usage: insights on the digital divide
from the Health Information National Trends Survey 2012. J. Med. Internet Res. 16:e172

www.annualreviews.org • Technologies and Health Inequities 599



Korda RJ, Clements MS, Dixon J. 2011. Socioeconomic inequalities in the diffusion of health technology:
uptake of coronary procedures as an example. Soc. Sci. Med. 72:224–29

Latour B, Venn C. 2002. Morality and technology: the end of the means. Theory Cult. Soc. 19:247–60
Lewontin R. 2001. It Ain’t Necessarily So: The Dream of the Human Genome and Other Illusions. New York: New

York Rev. Books
Link BG, Northridge ME, Phelan JC, Ganz ML. 1998. Social epidemiology and the fundamental cause con-

cept: on the structuring of effective cancer screens by socioeconomic status.Milbank Q. 76:375–402
Link BG, Phelan JC. 1995. Social conditions as fundamental causes of disease. J. Health Soc. Behav. 1995(Extra

Issue):80–94
Lupton D. 2013. The digitally engaged patient: self-monitoring and self-care in the digital health era. Soc.

Theor. Health 11:256–70
Lupton D. 2014. The commodification of patient opinion: the digital patient experience economy in the age

of big data. Soc. Health Illn. 36:856–69
LutfeyK,Freese J. 2005.Toward some fundamentals of fundamental causality: socioeconomic status and health

in the routine clinic visit for diabetes. Am. J. Sociol. 110:1326–72
Lutfey KE, Freese J. 2007. Ambiguities of chronic illness management and challenges to the medical error

paradigm. Soc. Sci. Med. 64:314–25
Lutfey KE, Link CL, Grant RW, Marceau LD, McKinlay JB. 2009. Is certainty more important than diag-

nosis for understanding race and gender disparities? An experiment using coronary heart disease and
depression case vignettes.Health Policy 89:279–87

McKeown T. 1976. The Modern Rise of Population. New York: Academic
McKinlay JB,McKinlay SM. 1977. The questionable contribution of medical measures to the decline of mor-

tality in the United States in the twentieth century.Milbank Q. 55:405–28
Mechanic D. 2007. Population health: challenges for science and society.Milbank Q. 85:533–59
Mehrotra R, Soohoo M, Rivara BM, Himmelfarb J, Cheung AK, et al. 2016. Racial and ethnic disparities in

use of and outcomes with home dialysis in the United States. J. Am. Soc. Nephrol. 27(7):2123–34
Menchik DA. 2017. Interdependent career types and divergent standpoints on the use of advanced technology

in medicine. J. Health Soc. Behav. 58:488–502
Miller EA, West DM. 2009. Where’s the revolution? Digital technology and health care in the internet age.

J. Health Politics Policy Law 34:261–84
Mol A. 2008. The Logic of Care: Health and the Problem of Patient Choice. London: Routledge
Morning A. 2012. Does genomics challenge the social construction of race? Sociol. Theory 32:189–207
Navon D. 2011. Genomic designation: how genetics can delineate new, phenotypically diffuse medical cate-

gories. Soc. Stud. Sci. 41:203–26
Norris K,Agodoa LY. 2005.Unraveling the racial disparities associated with kidney disease.Kidney Int. 68:914–

24
Norris K, Nissenson A. 2008. Racial disparities in chronic kidney disease: tragedy, opportunity, or both? Clin.

J. Am. Soc. Nephrol. 3:314–16
Norris K,Williams SF, Rhee CM, Nicholas SB, Kovesdy CP, et al. 2017. Hemodialysis disparities in African

Americans: the deeply integrated concept of race in the social fabric of our society.Semin.Dial.30:213–23
Oudshoorn N, Pinch T, eds. 2003.How Users Matter. Cambridge, MA: MIT Press
Panofsky A. 2014. Misbehaving Science: Controversy and the Development of Behavior Genetics. Chicago: Univ.

Chicago Press
Patzer RE, Amaral S,Wasse H, Volkova N, Kleinbaum D,McClellan WM. 2009. Neighborhood poverty and

racial disparities in kidney transplant waitlisting. J. Am. Soc. Nephrol. 20:1333–40
Paul DB. 1997. The history of newborn phenylketonuria screening in the US. In Promoting Safe and Effective

Genetic Testing in the United States: Final Report of the Taskforce on Genetic Testing, ed. NA Holtzman, MS
Watson, pp. 137–60. Bethesda, MD: Natl. Inst. Health

Petryna A. 2009.When Experiments Travel: Clinical Trials and the Global Search for Human Subjects. Princeton,
NJ: Princeton Univ. Press

Phelan JC, Link BG, Diez-Roux A, Kawachi I, Levin B. 2004. “Fundamental causes” of social inequalities in
mortality: a test of the theory. J. Health Soc. Behav. 45:265–85

600 Timmermans • Kaufman



Phelan JC, Link BG, Feldman NM. 2013. The genomic revolution and beliefs about essential racial differ-
ences: a backdoor to eugenics? Am. Sociol. Rev. 78:167–91

Phelan JC,Link BG,Tehranifar P. 2010. Social conditions as fundamental causes of health inequalities: theory,
evidence, and policy implications. J. Health Soc. Behav. 51:S28–40

Pilnick A. 2004. ‘It’s just one of the best tests that we’ve got at the moment’: the presentation of nuchal translu-
cency screening for fetal abnormality in pregnancy.Discourse Soc. 15:451–65

Polonijo AN,Carpiano RM. 2013. Social inequalities in adolescent human papillomavirus (HPV) vaccination:
a test of fundamental cause theory. Soc. Sci. Med. 82:115–25

Prainsack B. 2017. Personalized Medicine: Empowered Patients in the 21st Century. New York: NYU Press
Prasad V. 2020. Our best weapons against cancer are not magic bullets.Nature 55:451
Rabinow P. 1992. Artificiality and enlightenment: from sociobiology to biosociality. In Zone 6: Incorporations,

ed. J Crary, S Kwinter, pp. 234–52. New York: Zone Publ.
Rabinow P, Rose N. 2006. Biopower today. BioSocieties 1:195–217
Rapp R. 2000. Testing Women, Testing the Fetus: The Social Impact of Amniocentesis in America. New York:

Routledge
Raspberry KA, Skinner D. 2011. Negotiating desires and options: how mothers who carry the fragile X gene

experience reproductive decisions. Soc. Sci. Med. 72:992–98
Raz A, Amano Y, Timmermans S. 2018. Parents like me: biosociality and lay expertise in self-help groups of

parents of screen-positive newborns.New Genet. Soc. 37:97–116
Reich A. 2014. Selling Our Souls: The Commodification of Hospital Care in the United States. Princeton, NJ:

Princeton Univ. Press
Richardson SS. 2011. Race and IQ in the postgenomic age: the microcephaly case. BioSocieties 6:420–46
Rieker PP, Bird CE. 2008. Gender and Health: The Effects of Constrained Choices and Social Policies. New York:

Cambridge Univ. Press
Roberts D. 2011.Fatal Invention: How Science, Politics, and Big Business Re-Create Race in the Twenty-First Century.

New York: New Press
Robinson L, Cotten SR, Ono H, Quan-Haase A, Mesch G, et al. 2015. Digital inequalities and why they

matter. Inf. Commun. Soc. 18:569–82
Rodriguez RA, Sen S, Mehta K, Moody-Ayers S, Bacchetti P, O’Hare AM. 2007. Geography matters: rela-

tionships among urban residential segregation, dialysis facilities, and patient outcomes.Ann. Intern.Med.
146:493–501

Rogers EM. 2003.Diffusion of Innovations. New York: Free Press
Rose N. 2007.The Politics of Life Itself: Biomedicine, Power, and Subjectivity in the Twenty-First Century. Princeton,

NJ: Princeton Univ. Press
Rosenberg CE. 2007.Our Present Complaint: AmericanMedicine, Then and Now. Baltimore,MD: JohnsHopkins

Univ. Press
Sasson I, Hayward MD. 2019. Association between educational attainment and causes of death among white

and black US adults, 2010–2017. JAMA 322:756–63
Saunders MR, Lee H,Maene C, Schuble T, Cagney KA. 2014. Proximity does not equal access: racial dispar-

ities in access to high quality dialysis facilities. J. Racial Ethn. Health Disparities 1:291–99
Schüll ND. 2016. Data for life: wearable technology and the design of self-care. BioSocieties 11:317–33
Shakespeare T. 2005. Disability, genetics, and global justice. Soc. Policy Soc. 4:87–95
Shim JK. 2010. Cultural health capital: a theoretical approach to understanding health care interactions and

the dynamics of unequal treatment. J. Health Soc. Behav. 51:1–15
Skinner D. 2006. Racialized futures: biologism and the changing politics of identity. Soc. Stud. Sci. 36:459–88
Sorenson C, Drummond M, Bhuiyan Khan B. 2013. Medical technology as a key driver of rising health ex-

penditure: disentangling the relationship. Clinicoecon. Outcomes Res. 5:223–34
Spencer KL,Grace M. 2016. Social foundations of health care inequality and treatment bias.Annu. Rev. Sociol.

42:101–20
Stanley A, DeLia D, Cantor JC. 2007. Racial disparity and technology diffusion: the case of cardioverter

defibrillator implants, 1996–2001. J. Natl. Med. Assoc. 99:201–7
Stivers T, Timmermans S. 2017. The actionability of exome sequencing results. Sociol. Health Illn. 39:1542–56

www.annualreviews.org • Technologies and Health Inequities 601



Sue S, Dhindsa MK. 2006. Ethnic and racial health disparities research: issues and problems. Health Educ.
Behav. 33:459–69

Tallbear K. 2013. Native American DNA: Tribal Belonging and the False Promise of Genetic Science. Minneapolis:
Univ. Minnesota Press

Timmermans S, Berg M. 2003. The practice of medical technology. Sociol. Health Illn. 25:97–114
Timmermans S, Buchbinder M. 2010. Patients-in-waiting: living between sickness and health in the genomics

era. J. Health Soc. Behav. 51:408–23
Timmermans S, Orrico LA, Smith J. 2014. Spillover effects of an uninsured population. J. Health Soc. Behav.

55:360–74
Timmermans S, Shostak S. 2016. Gene worlds.Health 20:33–48
Timmermans S, Stivers T. 2017. The spillover of genomic testing results in families: same variant, different

logics. J. Health Soc. Behav. 58:166–80
Tutton R. 2012. Personalizing medicine: futures present and past. Soc. Sci. Med. 75:1721–28
US Ren. Data Syst. 2018. 2018 USRDS annual data report: executive summary. Rep., US Ren. Data Syst.,

Bethesda, MD
Van den Bulte C, Lilien GL. 2001.Medical innovation revisited: social contagion versus marketing effort.Am.

J. Sociol. 106:1409–35
Vincent BB. 2014. The politics of buzzwords at the interface of technoscience, market and society: The case

of ‘public engagement in science.’ Public Underst. Sci. 23:238–53
Waitzkin H. 2000. The Second Sickness: Contradictions of Capitalist Health Care. New York: Free Press
Wang Y,McKee M, Stuckler D, Torbica A. 2019. Systematic literature review on the spread of health-related

misinformation on social media. Soc. Sci. Med. 240:112552
Ward C, Henderson S, Metcalfe NH. 2013. A short history on pacemakers. Int. J. Cardiol. 169:244–48
Wartella E, Rideout V, Montague H, Beaudoin-Ryan L, Lauricella A. 2016. Teens, health and technology: a

national survey.Media Commun. 4:13–23
Weiner K. 2011. Exploring genetic responsibility for the self, family and kin in the case of hereditary raised

cholesterol. Soc. Sci. Med. 72:1760–67
Weiner K, Martin P, Richards M, Tutton R. 2017. Have we seen the geneticisation of society? Expectations

and evidence. Soc. Health Illn. 39:989–1004
Weiss D, Rydland HT, Oversveen E, Jensen MR, Solhaug S, Krokstad S. 2018. Innovative technologies and

social inequalities in health: a scoping review of the literature. PLOS ONE 13:e0195447
Welch G. 2011.Overdiagnosed: Making People Sick in the Pursuit of Health. Boston: Beacon Press
WHO (World Health Organ.). 2007.Health technologies. Resolut.WHA60.29,World Health Organ., Geneva.

https://www.who.int/health-technology-assessment/about/healthtechnology/en/
Winner L. 2014. Technologies as forms of life. In Ethics and Emerging Technologies, ed. RL Sandler, pp. 48–60.

London: Palgrave Macmillan
Wolfe RA, Ashby VB, Milford EL, Ojo AO, Ettenger RE, et al. 1999. Comparison of mortality in all patients

on dialysis, patients on dialysis awaiting transplantation, and recipients of a first cadaveric transplant.
N. Eng. J. Med. 341(23):1725–30

Young CJ, Gaston RS. 2000. Renal transplantation in black Americans.N. Engl. J. Med. 343:1545–52
Zhao SY. 2009. Parental education and children’s online health information seeking: beyond the digital divide

debate. Soc. Sci. Med. 69:1501–5

602 Timmermans • Kaufman

https://www.who.int/health-technology-assessment/about/healthtechnology/en/

