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By Laura Gottlieb, Rachel Tobey, Jeremy Cantor, Danielle Hessler, and Nancy E. Adler

Integrating Social And Medical
Data To Improve Population
Health: Opportunities And Barriers

ABSTRACT Recent efforts in medical settings to identify social
determinants of health have focused primarily on screening for the
purpose of improving care for individual patients and getting
standardized data into electronic health records (EHRs). Relatively little
attention has been given to processes needed to extract data on social
determinants of health out of medical records with adequate validity and
efficiency to facilitate analysis across individual encounters to inform
population health efforts relevant to the health care sector. In this article
we describe the rationale for extracting data on social determinants of
health from EHRs, including the potential influence of aggregated data
on quality improvement activities and health care payment reform.We
then discuss opportunities and challenges to pulling these data from
EHRs to enable population-level applications, focusing on the
International Statistical Classification of Diseases and Related Health
Problems, Tenth Revision, as one potential data aggregation resource.
Standardizing methods for extracting data on social determinants of
health from EHRs will require understanding current challenges and
refining existing translation tools.

I
ncreased awareness of the influence of
social determinants of health—factors
outside of health care that affect individ-
ual and population health—has led the
health care sector toward activities that

strengthen the integration of medical and social
services, including activities to incorporate the
collection of data on social determinants of
health into care delivery. Until recently, how-
ever, health care systems have lacked robust
tools for screening patients on these determi-
nants. In 2014 the National Academy of Medi-
cine (formerly Institute of Medicine) issued
strong recommendations for standardizing the
collection of measures of social determinants of
health in electronic health records (EHRs),1 al-
though the proliferation of surveys has moved
faster than standardization. During the past five
years, several tools have emerged to capture in-

formation on patients’ social determinants of
health.2–5 These tools have largely converged
on the same determinants and are intended to
facilitate the delivery of social information to
providers as an initial step toward achieving bet-
ter health outcomes for individual patients.
A growing body of evidence supports tailoring

clinical interventions and referrals for individual
patients based on social data. Providers can use
social determinants of health data to identify
patients who should receive specific health
screenings (for example, cardiovascular screen-
ing),6 social interventions and care coordination
programs (for example, patient navigator pro-
grams),7 or referrals (for example, food banks,
shelters).8 Accurate information on social deter-
minants of health can also be used to match an
individual’s needs to the appropriate mode of
care (for example, phone consultation instead
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of in-person visits or letter-based follow-up).9

A critical next step involves designing or mod-
ifying health information technology to ensure
that data on social determinants of health affect
not only health care quality for individual pa-
tients but also health care systems’ population
health initiatives. In the health care sector,
where the term “population” typically refers to
patients served by a health care system,10 recent
descriptions of population-level applications of
data collection on social determinants of health
have explored health care payment reform at the
policy level (for example, using such data in risk
adjustment for reimbursement and penalty as-
sessments).11,12 Health system–relevant applica-
tions also can include using social data to guide
panel management (sometimes called popula-
tion management) efforts, in which clinics pro-
actively assign patients to groups to target health
care quality improvement activities.13 Both pay-
ment reform and population or panel manage-
ment applications for social data will depend on
the ability to extract information easily and effi-
ciently across individual records and EHR sys-
tems using standardized medical terminology.
Responding to the need for extracting data on

social determinants of health from EHRs, some
social screening advocates already have at-
tempted to link screening responses with exist-
ing medical coding tools. For instance, the Na-
tional Association of Community Health Centers
made preliminary links between its social deter-
minants of health screening items and Interna-
tional Statistical Classification of Diseases and Re-
lated Health Problems, Tenth Revision (ICD-10),
codes. Since 2015 the Department of Health and
Human Services has required that the ICD-10 be
used for EHR documentation. The ICD-10 pro-
vides an expanded set of codes reflecting pa-
tients’ social characteristics in the form of “z-
codes.” Although z-codes are not yet used rou-
tinely by health care systems, together the man-
date for ICD-10 adoption and its potential for
coding and billing on social determinants of
health make the ICD-10 an attractive option
for a standardized approach to data aggregation.
In this article we first review health sector–

relevant applications for coded data on social
determinants of health.We then identify and dis-
cuss critical challenges that will need to be over-
come in efforts to use existing medical coding
tools such as the ICD-10 to extract these data
from EHRs.

Using Social Data To Inform
Population Health
Although linking social and medical data could
informpolicy decisions andhealth improvement

strategies outside the health care sector,14 health
systems are most likely to invest in this integra-
tion across patient encounters and health sys-
tems if the benefits of such activities are clear
and meaningful in addressing internal chal-
lenges and priorities. Beyond individual patient
care, health care sector activities that could be
influenced by aggregated data on social determi-
nants of health include panel management ini-
tiatives and value-based payment reform.
Improving Panel Management The rele-

vance of data on social determinants of health
to population health initiatives is particularly
pronounced in primary care. Maturation of the
primary care patient-centeredmedical home and
value-based care initiatives requires developing
systems of care not only for individuals as they
seek carebut also for panels of patients forwhom
providers or health systems are accountable.15

Active panel management has been demon-
strated to improve care quality and has become
a central tenet of effective care transformation.13

To date, panel management has primarily in-
volved stratifying patients based on chronic dis-
ease groups, such as asthma, diabetes, or heart
failure, instead of on demographic factors be-
yond age and sex. Below, we outline how infor-
mation on social determinants of health collect-
ed across patient groups could improve panel
management activities.
Expanding The Definition Of ‘Quality Im-

provement’ Information on social determi-
nants of health could be used to identify and
develop a wider scope of quality improvement
activities relevant to a patient panel or health
care system’s population. For instance, for
low-income populations whose hypoglycemia-
related admissions have been found to increase
predictably at month’s end as food budgets are
exhausted, quality improvement efforts to de-
creasehospital readmissions could focus on food
access interventions.16 Quality improvement ac-
tivities that rely on data on patients’ social deter-
minants of health are not purely theoretical: At
Kaiser Permanente, panel information collected
on food insecurity has resulted in clinic projects
focused on improving a partnership with Hun-
ger Free Colorado.17

Staffing For Team-Based Care To address
patients’ social determinants of health, health
systems will need health care teams to develop
different kinds of expertise. For example, the
Affordable Care Act (ACA) goes beyond earlier
laws by requiring meaningful access to health
care services for people with low English profi-
ciency. Tomeet this demand,medical teammem-
bers need appropriate language skills or need to
provide access tomedical interpreters. The avail-
ability of other actionable data on social deter-
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minants of health could help ensure that teams
have sufficient expertise on a wider range of
social domains relevant to population health.
For instance, the Cincinnati Children’s Hospital
Medical Center aggregated patient data on hous-
ing at the population level. This enabled lawyers
on a multidisciplinary team to address housing
code violations in the community, which re-
duced emergency department use by children
with asthma.18

Adjusting Provider Panel Sizes Calcula-
tions to determine provider panel sizes differ
across clinical settings but primarily are based
onprovider factors (for example, numberof days
in clinic) and staffing ratios. Panel size calcula-
tions are also based on patients’ medical condi-
tions, which help to estimate patient complexity
and predict visit frequency.19 Alongside those
more traditional methods of determining panel
size, easily extracteddata on social determinants
of health could enable clinics to better tailor
panel sizes by accounting for differences in the
time it takes to care for patients with specific
social needs. The Veterans Health Administra-
tion, for instance, requires panel sizes for its
Homeless Patient Aligned Care Teams to be half
the size of nonspecialized primary care panels to
accommodate increased frequency of appoint-
ments, longer appointment times, open-access
scheduling, case management, and care coordi-
nation activities necessary for high-quality
health care.20

Refining Value-Based Payment
Models
Additionally, data on social determinants of
health could have important implications for fu-
ture payment models. Value-based payment is
becoming a cornerstone of health care payment.
Both the Centers forMedicare andMedicaid Ser-
vices (CMS) and theHealth Care Payment Learn-
ing and Action Network, a national network of
public and private health care stakeholders
working together to drive the adoption of effec-
tive alternative payment models, have set a goal
that by 2018 50 percent of all health care pay-
ments will be in alternative payment methodol-
ogies.21 Data on social determinants of health
can inform the design of two distinct types of
alternative paymentmodels: performance-based
incentive payments and penalties, and popula-
tion-based payments.22

Performance-Based Incentive Payments
And Penalties Many current provider payment
contracts already incorporate performance-
based payments, which are tied to quality proc-
esses and outcomes such as resource use (for
example, emergency department visits, in-

patient admissions and readmissions). In some
of these pay-for-performance calculations, CMS
allows adjustment for sex, age, comorbidities,
and medical frailty but has not yet included ad-
justments for social determinants of health.23

Paying providers based on cost and quality tar-
gets that do not account for social determinants
of health might unfairly penalize providers that
care for a greater proportion of patients facing
social and economic adversity.24,25 For example,
starting in 2012 the ACA established readmis-
sions penalties that disproportionately affected
safety-net hospitals. A report projecting differ-
ences in hospital readmissions penalties found
safety-net hospitals 30 percent more likely to
incur thirty-day hospital readmission penalties
for common conditions than the national aver-
age.26 Readmission and mortality prediction
models leveraging social determinants factors
could significantly improve readmission model
performance.27 A 2014 National Quality Forum
(NQF) report recommended that performance
assessments risk-adjust for social determinants
factors that influence clinical quality outcomes.
This could prevent unfair performance penalties
on hospitals or providers caring for more pa-
tients with low socioeconomic status or other
sociodemographic factors.25 Readily available
data on social determinants of healthwould help
pay-for-performance initiatives incorporate the
NQFrecommendations. For example, if readmis-
sions are more likely for individuals with inade-
quate housing, then data on patients’ housing
status could enable risk adjustments of payment
penalties based on the number of patients “diag-
nosed” with that condition.
Population-Based Payments Population-

basedpayments, including capitationandpartial
capitation models, are increasingly common in
Medicare and Medicaid and are likely to consti-
tute a substantial portion of future provider pay-
ments. These new models could motivate health
care systems to pay attention to social determi-

Until recently, health
care systems have
lacked robust tools for
screening patients on
social determinants of
health.
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nants of health, butwith fewexceptions, existing
paymentmodels donot yet allow risk adjustment
for social determinants.
Although the NQF recommended some risk

adjustment for social determinants of health in
pay-for-performance, it made no specific recom-
mendations related to population-based pay-
ment risk adjustment. Data on social determi-
nants of health could inform more accurate
models. For instance, in Medicare Advantage,
a capitation Medicare insurance product, pay-
ment rates for health plans are risk-adjusted
for thenumber and severity ofmedical diagnoses
in the population using the CMS Hierarchical
Condition Category model. In 2014 this model
began to risk-adjust for poverty using Medicaid
eligibility as a poverty proxy, resulting in higher
payments for beneficiaries dually eligible for
Medicare and Medicaid.28 Nonetheless, the cur-
rent model underpredicts costs for 30–40 per-
cent of the community-dwelling dual-eligible
population who have low medical acuity but
who likely suffer from high social acuity.28 For
example, a homeless and food-insecure individ-
ual with prediabetes and no other medical con-
ditions might be defined as having low medical
acuity yet high social acuity. Amore robust set of
codes reflecting social acuity in revisions of
Hierarchical Condition Category coding models
could be used to better predict costs.
Data on social determinants of health also can

inform capitation payment arrangements. For
example, alternative paymentmethodologypilot
programs inOregon andCalifornia translate vol-
ume-based payments to federally qualified
health centers into flexible funding that can be
used to provide care to Medicaid beneficiaries.
Data on social determinants of health collected
across pilot programs in both states, for in-
stance, could help justify nontraditionalmedical
providers and service delivery and more accu-
rately predict plan and provider care costs for
Medicaid populations.
In both Medicare and Medicaid, new types of

payments designed to reimburse and thus pro-
mote care management and case coordination
activities could be refined using social data. In
Medicare’s newest alternative payment method-
ology experiment, the Comprehensive Primary
CarePlus initiative, providers receive a careman-
agement fee tiered by a patient’s Hierarchical
Condition Category coding score (a score based
on a patient’smedical diagnoses). If those scores
accounted for social diagnoses, care manage-
ment fees couldmore accurately reflect the costs
of caring for patients with medical or social acu-
ity, or both.

Using Medical Codes To Translate
Patients’ Social Information
The ultimate goals of increasing social screening
in clinical settings are to improve health out-
comes for individuals and for populations. The
data needed to accomplish each goal differ. In
caring for individuals, providers need access to
patient-level data on social determinants of
health that are shareable with all members of
provider teams, ideally including referral agen-
cies. This goal can be met with the adoption of
patient- and provider-facing social screening
tools in health information technology plat-
forms.1–5

Population health activities, in contrast, re-
quire extraction of data on social determinants
of health across patient encounters to inform a
health system’s population management activi-
ties and across systems to informbroaderhealth-
sector initiatives (such as payment reform). Us-
ing food security as an example, Exhibit 1 gives
an overview of how data on social determinants
of health might be used at the patient and popu-
lation levels.
This population-level aggregation is more

challenging since, despite recommendations
from the National Academy of Medicine1 about
standardized measures for capturing data on so-
cial determinants of health, health care pro-
viders and organizations continue to rely on a
wide variety of tools that they can customize for
specific patient populations.
To ensure that EHR data on social determi-

nants of health inform health sector–based pop-
ulation health activities—including billing and
claims—translation tools should be rooted in ex-
isting medical documentation systems such as
the ICD-10, which reflects diagnosis codes (what
diagnoses and characteristics patients have that
are relevant to their health); Current Procedural
Terminology, Fourth Edition (what procedures
and services were provided during the medical
visit); and other data sets that provide common
terminology for use in EHR systems.
To explore possibilities for aggregation using

existing medical documentation databases, we
mapped several existing social screening tools
to codes available in the ICD-10. As the most
common medical diagnosis coding system in
the United States and internationally, the ICD-
10 has the advantages of maximizing intersys-
tem operability; having the potential to be used
for billing if and when social determinants of
health become billable diagnoses; and already
linkingwith othermedical terminology data sets
(including the Logical Observation Identifiers
Names and Codes [LOINC] system and the Sys-
tematized Nomenclature of Medicine—Clinical
Terms [SNOMED CT]). This enabled us to iden-
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tify opportunities and challenges to connecting
“front-end” social screening tools with a “back-
end,” standardized, universally available da-
ta set.
The ICD-10 successfully matched the majority

of social domains covered in the selected screen-
ing tools, including economic circumstances,
housing, food insecurity, safety, transportation,
and legal issues. For instance, the ICD-10 Z56
category “Problems related to employment and
unemployment” includes a code for unemploy-
ment (Z56.0) that maps directly to questions
about an individual’s employment status. Ques-
tions related to social isolation could map to the
ICD-10 category Z60, which includes specific
codes for problems related to living alone
(Z60.2) and social exclusion and rejection
(Z60.4); and questions about refugee status
could be linked directly to category Z65 “Prob-
lems related to other psychosocial circumstanc-
es,” which includes items such as exposure to
disaster, war, and other hostilities (Z65.5).
Several important challenges emerged in try-

ing to link front-end social determinants of
health screening questions to back-end data.
These included instances where there was no
ICD-10 code equivalent for a social screening
item, items where there was more than one
ICD-10 code equivalent, and items where mean-
ing was lost in the conversion to the most equiv-
alent ICD-10 code choices. Below, we provide
examples highlighting these challenges and sug-
gest ways to overcome them to facilitate adop-

tion of standardized medical documentation
systems as data aggregation tools for social
screening. (See the online Appendix for detailed
examples of challenges to translating social de-
terminants of health screening to ICD-10
codes.)29

Lack Of ICD-10 Code Several social determi-
nants of health screening domains and items
used in existing tools have no clear ICD-10 code
equivalent. For example, “Do you have any con-
cerns about safety in your neighborhood?” from
the HealthBegins Upstream Risks Screening
Tool does not have an exact correlate in the
ICD-10. The National Association of Community
Health Centers recently reported the problem of
matching itemswhen attempting to link them in
its social screening EHR templates to both ICD-
10 z-codes and LOINC, noting that it needed to
create its own codes for some domains where
there were not yet code equivalents.2 Respond-
ing to these code gaps could also inform ICD-11
development. One way to create these codes
could include assigning specific uses for the cat-
egory “other” that is associated withmany of the
z-code domains of social determinants of health,
such as “Other problems related to social envi-
ronment” (Z60.8).
Multiple ICD-10 Codes Some social screening

items map to more than one ICD-10 code. For
instance, most existing social screening tools
contain questions regarding challenges to pay-
ing for food, housing, medical care, or heat.
These could map to multiple Z59 codes, includ-

Exhibit 1

Patient- and population-level data collection tools and uses for data on social determinants of health: case study on food
security

SOURCE Authors’ examples of individual- and population-level data collection tools and uses for data on food security. NOTES ICD-10 is
the International Statistical Classification of Diseases and Related Health Problems, Tenth Revision. Z-codes include codes for social
determinants of health that reflect a patient’s social characteristics.
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ing extreme poverty (Z59.5), low income
(Z59.6), and insufficient social insurance and
welfare support (Z59.8). Similarly, questions fo-
cused onhousing security canbemapped to ICD-
10 category Z59, which includes specific codes
for homelessness (Z59.0) and inadequate hous-
ing (Z59.1), but thedifferencebetween these two
codes is unclear. In these cases, it will be neces-
sary to build consensus on one-to-one mapping
relationships.
The field could follow a recent precedent for

building consensus aroundmapping ICD-10data
to medical terminology. In linking the ICD-10
and SNOMED CT, which is used in EHRs to
semi-automatically generate ICD-10 codes from
clinical data, theWorldHealthOrganization and
the International Health Technology Standards
Development Organization developed mapping
methodologies to ensure that each term linked to
only one ICD-10 code.30

Loss Of Meaning A consensus-building proc-
ess will also be needed to resolve instances when
there is a loss of meaning or nuance that oc-
curredby linking toaz-code. For instance, across
multiple tools, food insecurity questions could
be mapped with the code for lack of adequate
food and safe drinking water (Z59.4). But aggre-
gated across patients, these data would not actu-
ally distinguish between food adequacy and
access to safe water or, further, whether food-
specific concerns were related to lack of resourc-
es to purchase food or lack of access to healthy
food. Collapsingmultiple social issues into a sin-
gle code might therefore hinder relevance to
population-level interventions. The ICD-10 was
not initially designed to ensure sufficient speci-
ficity to inform action, whether at the individual
or population level. Similar to the situation in
which no code equivalent exists, algorithms
should be designed that delineate when it is ap-
propriate to use existing codes versus create new
ones. Indeveloping rules toovercome these chal-
lenges, links between screening responses and
the ICD-10orother codes shouldbeprogrammed
into EHRs to prevent providers from using

codes differently across settings as much as
possible.

Discussion
The health care sector is increasingly interested
in integrating social and medical care.31,32 The
enthusiasm for such integration unfortunately
has fostered the proliferation of multiple social
screening tools. Ongoing efforts to standardize
metrics on social determinants of health that are
entered into EHRs are critical.1 But to maximally
inform health sector–relevant population health
initiatives, front-end social screening efforts will
need to be accompanied by back-end efforts fo-
cused on meaningfully extracting data on social
determinants of health from EHRs. Using social
determinants of health to guide initiatives to
improve quality, revise team-based care models,
adjust panel sizes, and reform payment will de-
pend on being able to aggregate these data using
medical codes. A short window of opportunity
exists for developing consensus on how to most
effectively aggregate data on social determinants
of health in EHRs using existing coding systems,
since similar to the proliferation of front-end
screening tools, site-specific data translation ef-
forts are already emerging. Proliferation of these
without interoperability standards will limit
shared learning around transforming care.
While ICD-10 z-codes are not a panacea, they

offer important lessons fromwhich to conceptu-
alize social and medical data integration in any
documentation system.We chose the ICD-10 be-
cause, while other systems might offer more
granularity to match social determinants of
health screening items, the ICD-10 provides ac-
tionable diagnostic aggregation thatmight even-
tually be relevant to both clinical management
and reimbursement. Procedural codes (whether
in inpatient or outpatient systems) might also
eventually help to capture both screening and
service activities related to ICD-10 diagno-
sis codes.
Understanding how to most effectively devel-

op a crosswalk between social screening and
medical codes will require collaboration that
should be initiated by key stakeholders—such
as theNQF, the Institute forHealthcare Improve-
ment, and theOffice of theNational Coordinator
for Health Information Technology. These ef-
fortswill need to involvemedical documentation
experts, researchers in health services social in-
terventions, and organizations that have ad-
vanced social screening tools.
The history of “e-codes”—patient injury data

collected by hospitals—illustrates potential pop-
ulation health impacts of aggregated data. In
1991 theNational Committee onVital andHealth

The health care sector
is increasingly
interested in
integrating social and
medical care.
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Statistics recommended that external cause-of-
injury codes be included in hospital discharge
data sets. In 1992 a hospital claims form was
approved that included a labeled space for such
codes. Today,more thanhalf of US states require
routine collection of e-codes.33 E-codes adoption
has resulted in improved research and informed
policy around injury prevention.34 In California,
e-code data have been used to inform legislation
to decrease the number of small children that
drown in pools and spas; help establish man-
dates for firearm safety in response to youth
accidents and suicides; and create programs
addressing preventable injuries associated
with bikes, motorcycles, senior falls, and child

abuse.33

Mirroring the influence of e-codes, high-qual-
ity, easily extractable data on social determi-
nants of health can expand the health sector’s
role in broadening the definition of health.

Conclusion
Identifying a clear process for collecting and ag-
gregating data on social determinants of health
is an important next step toward transforming
health care, refining value-based payment, and
ultimately influencing both health- and non-
health-sector strategies to improve population
health. ▪
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