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Abstract
Disparities in outcomes for preventive and primary health care services often result when vulnerable patients rely on
episodic encounters for emergency services that do not meet their long-term health needs. Understanding health
outcomes in socially or economically disadvantaged subgroups is crucial to improving community health, and it
requires innovative analytics and dynamic application of clinical and population data. While it is common practice
to use proxy indicators, such as quality of life and mortality, when discussing health equity, these have shown limited
utility and are rarely applied at a population-level within a health system. Therefore, we designed and implemented
an index, calculated as the ratio of observed-to-expected encounters, to identify and quantify health inequalities in
health care systems. Providing equitable care, as measured by health outcomes, is analogous to precision medicine
applied to social determinants. For health systems, the use of this index will facilitate the development of specially-
tailored interventions to address inequity and provides a tool to measure the impact of such programs.
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Introduction
Addressing health inequity, or differences in health
outcomes between some population subgroups,1 re-
quires innovative analytics and the dynamic applica-
tion of health and population data to accurately
identify inequity in real time. Recently, the National
Institutes of Health called for an enhancement in
their capacity to address health disparities in its
2009–2013 Strategic Plan2 and articulated a need for
research aimed at furthering the evolution of health
disparities research from its predominantly descriptive
methods of identifying and addressing health care
inequities, to analytic and actionable approaches
through the increased application of advanced health
information technology and tools. Despite this call to
action, little progress has been made in part because

of the difficulty in measuring and monitoring changes
in inequities within health systems in real time.3–6

To date, proxy indicators to measure and inform
health disparities, such as quality of life and mortality,
have shown limited utility and have rarely been imple-
mented at a population level within a health system
dashboard.7 A commonly used indicator of disadvan-
tage and inequity has been disproportionate absolute
numbers of hospital admissions for ambulatory care
sensitive conditions (ACSCs),8–10 and, as a result,
health systems have begun to monitor and report this
activity. It is recognized that, effectively managed,
these conditions can be treated in an outpatient setting
given the appropriate access to quality care, reducing
the incidence of acute illness and hospitalization.11

Although previous studies have used electronic health
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record (EHR) data to measure equity through volume of
ACSCs, there remains a large need to develop rigorous
and widely applicable tools to quantify inequity in a
health system, accounting for demographic variation
existing in the area of service on a large system-wide
scale.12–16 Given the wealth of health care data now
available for large health care systems, there is tremen-
dous potential to harness and synthesize a variety of
data elements in addition to EHR information on clinical
encounters. These include, but are not limited to, event
and disease registries, health system utilization, cost in-
formation, disease status, and quality and safety data.7

Applying analytics, which combine existing health
system data with population data, offers a unique oppor-
tunity to identify and address disparities with greater
precision because the data are available in real time,
are objectively collected within the system, and are al-
ready being captured through systematic clinical and ad-
ministrative protocols during the patient experience.

Large health systems provide a window into a repre-
sentative segment of the population within regions of
the country and, therefore, have the potential to en-
hance our understanding of disparities and to advance
our efforts to achieve health equity in new and innova-
tive ways. Sutter Health, a large integrated health system
in Northern California, is one such example. Serving >3
million patients in the most diverse state in the nation
in both urban and rural settings, Sutter provides a
unique opportunity to investigate new and innovative
solutions. To address the existing lack of real-time dy-
namic measurement solutions for health equity, we
used a novel empirical approach to design and imple-
ment an index to identify and prioritize health inequi-
ties for ACSC management in health care systems.
Our goal was to present an analytical method intended
to enable large health care systems to identify and pri-
oritize actions to reduce health disparities among pa-
tients. The index also works as a comparison tool to
assess impact of these interventions on health equity.

The Health Equity Index
What is the index?
Our index is a flexible metric that utilizes multiple data
sources to quantify any excess in actual hospital en-
counters compared with what would be expected if
health equity was realized. At Sutter Health, the index
is calculated monthly for each of the 22 hospitals and
disseminated through a dashboard to provide adminis-
trators with an assessment tool and starting point for
evaluating disparities. Focusing on a given disease and

time period, patients are segmented by age (3 groups),
race/ethnicity (4 categories), and gender, and a health
equity score (HES) is derived for each of the 24 groups
by calculating the observed-to-expected ratio of hospital
encounters. Providing a summary of the magnitude of
disparities among all 24 groups, the index is calculated
by taking the average, weighted by encounter frequency,
of the amount by which each HES exceeds one. The
index provides a summary that can be benchmarked
and used as a ‘‘stoplight tool’’ to identify the existence
of inequity among subgroups. The HES, used in calcu-
lating the index, further identifies the specific groups
whose outcomes are negatively affected. For both the
index and the HES, values >1.0 indicate a potential op-
portunity to improve the health outcomes for specific
segments of the patient population.

Utilizing multiple data sources (Fig. 1), the number
of expected encounters for each age/gender/race stra-
tum is derived from the underlying population distri-
bution within the hospital catchment area, condition
prevalence, the average propensity to utilize the given
hospital, and frequency of that utilization. After identi-
fying the hospital catchment area (defined as the collec-
tion of census tracts whose residents comprise at least
80% of the hospital’s patient population), underlying
United States Census tract population estimates are
derived from the American Community Survey and
combined with published prevalence estimates to approx-
imate the number of individuals with the given condition
within the catchment area. In our calculations, we used
prevalence estimates from various sources, relying on
the most granular and most accurate public data available.
For asthma, prevalence estimates were provided by the
California Behavioral Risk Factor Surveillance System
and the California Health Interview Survey and compiled
by the California Department of Public Health.17,18 For di-
abetes, these estimates were taken from the Centers for
Disease Control and Prevention (CDC) published Mor-
bidity and Mortality Weekly Report.19 Hospital utiliza-
tion is calculated from Sutter Health’s EHR and used to
estimate the average proportion of people with the partic-
ular condition who sought care from the catchment area
and the average number of encounters made per person.
The expected number of condition-specific encounters is
then calculated by the product of these factors. For a
more detailed explanation of the calculations, please see
Supplementary Appendix 1.

The observed number of condition-specific encoun-
ters is derived directly from Sutter’s EHR database. The
HES for each category is defined as the ratio of
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observed-to-expected values, whereas the index value is
calculated as a weighted average as described previ-
ously. Critical success factors for the calculation and
use of the index include access to robust, self-identified
race and ethnicity data, publicly available prevalence
and demographic data, and the ability to extract real-
time data from an EHR.

This project does not meet the definition of human
subject research or clinical investigation at Sutter
Health, as such Internal Review Board approval is
not required.

Why was it developed?
We first developed an index for asthma and diabetes.
As an example, we present the results for asthma
from one Sutter Health hospital in Alameda County,
California—Alta Bates Summit Medical Center
(ABSMC). In 2016, at ABSMC there were 649 patients
who utilized the emergency department (ED) 877 times
for asthma. The index value for this facility was 1.5 in-
dicating that among age–gender–race subgroups that
experienced higher than expected numbers of encoun-
ters, there was a 50% weighted average excess. This
was primarily driven by disproportionate utilization
by African American (AA) patients, and in particular,
AA women 60+ years of age (HES = 2.3) and AA
men 45–64 years (HES = 2.2). At this facility, Hispanics
and non-Hispanic whites utilized emergency services
less than expected across all ages regardless of gender.

Based on this information, administrative and clini-
cal leaders at ABSMC set out to design and implement
a pilot program to address the disparate outcomes for
AA patients with asthma in that facility. Partnership
with a community-based federally qualified health cen-
ter was essential to collaboratively design and imple-
ment a program intended to address the specific
needs of AAs who utilize the ED for asthma. The
goals of the program are to connect patients with cul-
turally appropriate community-based primary care, to
provide education about disease and medication self-
management, and to use both high-touch and high-
tech solutions to provide real-time counseling services.
Although the pilot is ongoing, the approach has
shown the potential to help patients better manage
their asthma in the ambulatory setting and avoid reli-
ance on the use of emergency services.

Sutter Health created a steering committee, led by the
Chief Medical Officer, to evaluate health equity at Sutter
Health, and to assess the role of the index in improving
health equity within our health system. Leadership at
Sutter Health, including executive leaders and the
board of directors, are committed to identify, quantify,
and address inequities in health outcomes wherever
they might exist. This work is a component of our qual-
ity program and part of our continuous improvement
journey. The hope is that we can demonstrate the ability
of provider organizations to take actions that can make a
national impact on health equity. The index is a first step

FIG. 1. Data sources for HES. HES, health equity score.
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in helping to identify and quantify the collective impact
that we, as providers, can have.

How can the index be used?
Sutter Health is a large health system in Northern Cal-
ifornia comprising 24 hospitals (22 with emergency de-
partments) and 5 affiliated medical foundations. Sutter
provides acute and ambulatory care to >3 million peo-
ple per year from >100 communities across 22 counties
in Northern California. Because geography and demo-
graphics vary for each hospital, we developed health eq-
uity statistics referable to each hospital, which can also
be combined into a system-wide metric. The index val-
ues for each condition are published monthly on a lead-
ership dashboard, and a team of analysts, with expertise
in health equity, is available to operational leaders for
consultation. Early in 2017, the index was added as a
new regular entry in Sutter’s Acute Care Quality Dash-
board. As part of a program to advance health equity at
Sutter Health, a Health Equity Strategy Leadership
Team was formed, and this team works with leadership
at each hospital to help develop appropriate programs
to bring equity to the patients they care for by identify-
ing novel and unique opportunities to intervene.

Application in an integrated health system:
an example
In March 2017, the system-level index value for diabe-
tes was 2.2. Breaking it down by race, it is clear that

the AA patients account for approximately a quarter
of the encounters, and have the highest score (Fig. 2).
To further understand where the excess in observed
visits for diabetes originated, the leadership team
considered the HES for each gender, age, and race/
ethnicity category (Fig. 3, panel A). Across AA, His-
panic, and white patients between the age of 20 and
44 years, each HES exceeded 2.0 with the highest
among AA men (HES = 14.7) and AA women
(HES = 6.2). This means that there were nearly 15
times and 6 times more encounters than expected
given the underlying prevalence for diabetes among
the age, race, and gender subgroups, respectively.
Upon further examination of the underlying patient
distributions (Fig. 3, panel B, C) they found that 197
young AA men accounted for 319 encounters and
162 young AA women accounted for 299 encounters.
In total, 359 patients were not receiving the care they
needed to successfully control their diabetes. As next
steps, the leadership team recommended monitoring
changes in the index scores over time and focusing re-
sources on addressing potential inequalities among
AAs of young age.

How to obtain
For more information or to request an Excel version of
the index code, please email Alice Pressman (press-
mar@sutterhealth.org).

HES=1.0, Asian

HES=4.44, African
American 

HES=1.55, White

HES=1.42, Hispanic

FIG. 2. Example of HESs by race. Pie slices are proportionate to the number of encounters for each group. The
health equity index is a composite measure weighted by encounter frequency.
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Discussion
The index is a novel empirical approach to identify and
quantify health inequalities in health care systems. We
describe its development and provide two examples of
its application at Sutter Health, a large integrated
health care system. We believe this measurement sys-
tem holds promise in helping to identify health inequi-
ties among patient populations served by a hospital or
health care system and enables provider organizations
to assess the effectiveness of interventions.

To our knowledge, this is the first attempt to develop
and implement a metric for measuring health equity that
uses not only real-time, health system data, but also com-
bines it with external demographic, prevalence, and uti-

lization statistics to compute values that reflect equity of
outcomes specific to each racial or ethnic group studied.
Note that the index does not rely upon normalization to
any specific reference group (e.g., non-Hispanic whites).
Rather, each group is compared with an internal stan-
dard, providing the ability to identify any group that
may be disadvantaged and eliminating any preconceived
notions about which group may experience preferred
outcomes. Other attempts have been made to measure
and monitor health equity. One effort, aimed at address-
ing disparities in primary care clinics in Baltimore (MD)
used data from the Johns Hopkins Community Physi-
cian primary care EHR.12,13 Data elements, specifically
related to patients with hypertension, were displayed

A Health Equity Score (HES) for Diabetes

B Observed Diabetes Encounters

C Observed Diabetes Patients

Asian Black Hisp White

20-44 0.8 14.7 2.8 3.0

45-64 0.4 1.5 0.8 0.7

65+ 0.4 0.9 0.6 0.5
20-44 0.4 6.2 2.4 2.6

45-64 0.2 1.3 0.6 0.5

65+ 0.4 0.7 0.6 0.4

2.2Health Equity Index (=weighted avg. of HES)

Diabetes

Male

Female

Asian Black Hisp White

20-44 35 319 344 432

45-64 88 472 492 831

65+ 110 152 207 660

20-44 22 299 308 362

45-64 54 416 363 596

65+ 129 181 231 519

438 1839 1945 3400 7622Total Observed

Diabetes

Male

Female

Asian Black Hisp White

20-44 30 197 253 307

45-64 75 364 407 637

65+ 104 123 183 560

20-44 20 162 219 236

45-64 47 280 297 438

65+ 116 156 197 427

392 1282 1556 2605 5835Total Observed

Diabetes

Male

Female

FIG. 3. Example of HESs and relationship to health equity index. This figure consists of three different panels
labeled. (A) HES for diabetes, (B) observed diabetes encounters, and (C) observed diabetes patients. These
three panels together make up Figure 3.
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on a virtual dashboard for primary care providers to see.
The primary goal was to increase awareness about exist-
ing disparities. The initiative was introduced as part of a
three-part effort to improve health outcomes. However,
the dashboard metrics were focused on individual pro-
viders’ outcomes as opposed to system-wide/hospital-
wide outcomes. An approach focused on individual pro-
vider outcomes may face resistance or considerable chal-
lenges given the sensitive nature of these metrics and the
implications the findings may have in terms of provider
practices. Although individual providers can make con-
structive contributions to health equity within their prac-
tices, a system, through community-based partnerships
and deployment of resources, can exert far greater lever-
age in changing disparate outcomes than an individual
provider. Another method that has been explored by oth-
ers is a health equity ‘‘audit’’ where data are used from
EHRs within a practice setting to generate periodic health
equity reports to be reviewed by the individual practice
groups.16 The audits focus on three ACSCs; coronary
heart disease, type 2 diabetes, and chronic obstructive
pulmonary disease (COPD). Disparities of interest in-
clude race, age, and gender. However, there are differ-
ences compared with our proposed metric. The reports
do not reflect real-time data and report the proportion
of patients meeting a healthy guideline for various condi-
tions as opposed to hospital encounters. Badrick et al.16

discussed the impact their reports had on the health sys-
tem and report that disparities were identified, but even
after surveillance and some evidence of improvement in
chronic disease management, these discrepancies persist.

Recently, in England, the National Health Service
(NHS) has attempted to quantify health equity by com-
paring preventable hospitalizations for ACSCs.15 Data
are pulled from the NHS Hospital Episode Statistics
and presented as standardized emergency admission
rates versus a neighborhood deprivation rank. However,
in contrast to our proposed metric, the data are presented
as a one-time report to be delivered to management
rather than a real-time, actively updated dashboard.
Reports and analysis are focused on the national level
in England as opposed to a system or site level. In addi-
tion, this initiative does not examine race/ethnicity, but
instead focuses on differences between neighborhoods.

Another major difference between previously reported
health equity measures and our index is that ours is
designed to be portable to any health care system. The
only requirements are access to health records, including
encounter diagnoses, geographical data, age, gender, and
race/ethnicity; access to local census tract data; and access

to local-level prevalence data. The index is also designed
to be adapted to any health condition as long as there are
available prevalence data.

The index presented here is not intended to replace
traditional methods of identification of disparities.
Rather it should provide a different vantage point. In
developing and vetting the index, we compared results
with those obtained through our standard methods of
identification of disparities; comparison of rates by racial/
ethnic subgroup with white serving as the standard.
We found that in general if the inequity was very large,
the methods were similar; however, with the traditional
methods that do not adjust for underlying population
characteristics, where a subgroup is overrepresented in
a geographical region, the inequity may be magnified.
Conversely, where a subgroup is underrepresented, stan-
dard methods may mask smaller inequities. In addition,
our index can be used to identify gender and age inequity,
typically more difficult to discern because there is no ob-
vious reference group.

There are several limitations to the use of this index.
First, the calculation of ‘‘expected counts’’ is constrained
by availability of prevalence data for the underlying con-
dition. For asthma and diabetes, we have used publicly
available state-wide data from the California Department
of Public Health and the CDC, but we have not yet iden-
tified a source for COPD and heart failure, the next two
high-priority ACSCs for our health system. For the prev-
alence estimates, the closer the denominator’s geographic
unit is to the underlying catchment area, the more accu-
rate the ‘‘expected’’ calculations will be. Second, users
must have access to adequate sources of EHR data
from which to derive ‘‘observed’’ counts. We are fortunate
that the Sutter Health EHR is comprehensive and inte-
grated across all hospitals in the system. Finally, in the
process of calculating ‘‘expected counts,’’ we have made
several assumptions: the prevalence of the condition in
our system is similar to those values for the state of Cal-
ifornia; the demographics of the census tracts are similar
to our patients from those tracts who utilize our EDs; the
prevalence estimates for each subgroup can be applied
uniformly across everyone in that subgroup.

It is the authors’ hope that the index will be widely
implemented and tested by others and adapted for ad-
ditional health conditions. It also has the potential to
serve as a prototype for the development of future met-
rics that combine an even greater degree of patient
(consumer) data that can yield greater precision in
identifying inequities. As providers, the extent to
which we can understand inequities with greater
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precision allows us to craft more targeted and hence
more effective solutions.

Conclusion
The index is a novel, innovative metric that provides
the information to allow a health system to identify
population subgroups that suffer the most from out-
come disparities, and to develop interventions to address
these inequities. This tool facilitates the targeting of in-
terventions to particular care facilities where minority
patients are likely to receive most of their care. Identify-
ing and measuring health outcome disparity is the first
step toward achieving health equity, and it will allow
us to turn our efforts toward understanding and correct-
ing the underlying causes.
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