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Issues in Developing Multidimensional 
Indices of State-level Health Inequalities: 
National Health Interview Survey, 2013–2015 
by Makram Talih, Ph.D., Office of Analysis and Epidemiology, and Maria A. Villarroel, Ph.D., Division of Health 
Interview Statistics 

Objectives 
To describe methodological issues that arise in 
the construction and design-based estimation of 
multidimensional indices that aggregate state-specific 
inequalities in core health measures, using data from 
the National Health Interview Survey (NHIS). 

Methods 
For each state, an overall, multidimensional health 
inequalities index was computed from NHIS 2013–2015 
by aggregating summary indices of inequalities—by 
sex, race and Hispanic origin, education, urbanicity, and 
disability status—in healthy behaviors (HBs), access to 
medical care (AMC), general physical health status and 
mental health (PMH), and absence of multiple chronic 
conditions (MCCs) among adults aged 45–64. Because 
the choice of summary index impacts the magnitude 
and relative ranking of state-specific overall indices, 
two index classes were studied: the Gastwirth (G) and 
Atkinson (Aα) index classes. Bootstrapped confidence 
intervals for point estimates and most likely ranks for 
rank estimates were calculated. Due to data limitations, 
only the 20 most populous states were analyzed. 

Findings 
HBs had lower prevalence than AMC, PMH, and 
absence of MCCs in the U.S. population; accordingly, 
HBs contributed more to the state-specific overall 
inequalities indices than the other three measures. 
Rankings differed between G and Aα indices, and by 
whether Aα indices were adjusted to account for the 
health of the least healthy subgroups. Yet the majority 
of the 20 states were ranked in consistent tiers by these 
index classes. Multidimensional inequalities indices 
aggregate only inequalities, regardless of population 
levels for the core health measures selected. As a result, 
states were not well differentiated based on these 
indices alone, increasing ranking uncertainty. 

Summary 
This report highlights issues that arise when developing 
and estimating state-specific multidimensional health 
inequalities indices using national survey data. Selected 
results from the analysis emphasize the importance of 
measure and index selection and illustrate sources of 
ranking uncertainty. 

Keywords: demographic and socioeconomic 
inequalities in health • state health metrics • 
composite index • health rankings • NHIS

 Abstract 

Introduction 

Multidimensional Indices of Health 
Inequalities 

In Healthy People 2020 (HP2020), summary measures 
of health inequalities by various population attributes 
(e.g., sex, race and ethnicity, income, education, disability 
status, and geographic location) track the nation’s progress 
toward the HP2020 overarching goal to “achieve health 
equity, eliminate disparities, and improve the health of 
all groups.” Such summary health inequalities measures 
quantify health inequalities between subgroups defined 

by any given population attribute in any one of more than 
600 measurable, population-based HP2020 objectives. 
For example, for objectives expressed in terms of adverse 
outcomes to be reduced, the HP2020 summary rate ratio is 
an average of the rate ratios of each subgroup’s rate relative 
to the least adverse subgroup rate for a given population 
attribute. Summary measures also track changes in health 
inequalities over time (1–3). 

The numerous summary health inequalities measures in 
HP2020 track inequalities disparately for each selected 
population attribute and health indicator. Aggregating these 
summary measures into a smaller set of indices can offer 
a high-level view of the state of inequalities in the health 
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of the nation. In this report, two types of aggregate health 
inequalities measures are presented. Composite health 
inequalities indices are formed by aggregating the summary 
indices of inequalities in a given health measure (e.g., access 
to medical care) over multiple population attributes (e.g., 
sex, race and ethnicity, education, disability status, and 
geographic location). Overall health inequalities indices are 
formed by aggregating composite health inequalities indices 
over multiple health measures (e.g., healthy behaviors, 
access to medical care, general physical health status and 
mental health, and absence of multiple chronic conditions). 
Insofar as the selected health measures span multiple 
dimensions of health, such overall health inequalities indices 
are said to be multidimensional. 

Multidimensional inequality indices originate in the study of 
social welfare economics (4–6). In public health, inequalities 
in selected measures of health can be aggregated to 
monitor the reduction of U.S. health inequalities at the 
subnational level and to allow for meaningful comparisons 
and scorecards. Asada et al. (7) used a single measure of 
health—functional limitation—and aggregated inequalities 
by income, education, sex, and race and ethnicity, to form 
state-specific composite inequalities indices. In a subsequent 
publication, Asada et al. (8) used four health measures—poor 
or fair health, poor physical health days, poor mental health 
days, and low birthweight—and aggregated inequalities 
by education, sex, and race and ethnicity, to form county-
specific overall inequalities indices. 

This report’s principal objective is to discuss some of the 
methodological issues that arise in the development and 
design-based estimation of state-specific overall health 
inequalities indices. The National Health Interview Survey 
(NHIS) was selected as the source of the state-level data 
used in this report because NHIS is one of the major data 
collection programs of the National Center for Health 
Statistics (NCHS) (9) and is the leading national data source 
for HP2020, providing tracking data for 1 in 10 HP2020 
objectives (10). NHIS offers a broad, consistent framework 
for estimating selected health measures both nationally and 
at the state level for the most populous states. 

Using NHIS data, four core measures of health were 
constructed for this report to discuss the methodology: 
healthy behaviors, access to medical care, general physical 
health status and mental health, and absence of multiple 
chronic conditions. Health inequalities in these measures 
can be assessed across subgroups defined by any number 
of population attributes. In this report, five such attributes 
were selected: sex, race and Hispanic origin, educational 
attainment, urbanicity, and disability status. 

A corollary to developing state-specific overall health 
inequalities indices is that states can be ranked according 
to those indices. Such rankings can highlight successes 
and challenges that inform public health policy and bolster 
stakeholder collaboration toward achieving national 
health goals (11). This report shows how to quantify 

the rank uncertainty that is due to how little or how well 
multidimensional inequalities indices differentiate between 
states, and to complex survey design and sampling variability. 

General Methodological Issues 

Constructed with input from, and debate among, multiple 
stakeholders, multidimensional indices are powerful tools 
for analyses and international comparisons of health and 
human development. For example, the Human Development 
Index (HDI), used by the United Nations Development 
Program (UNDP) for cross-country comparisons, is an 
average of three basic measures of human development: 
educational attainment, decent living standard, and 
longevity (12). Another UNDP index, the Multidimensional 
Poverty Index, is composed of 10 indicators that span three 
dimensions of poverty and relate to the United Nations’ 
Millennium Development Goals, namely health (measured 
using indicators of nutrition and child mortality), education 
(measured using years of schooling and school attendance), 
and living standard (cooking fuel; sanitation, water, 
electricity; floor; and assets) (13). In the United States, 
broad, foundational measures of health are indicators 
for monitoring progress toward HP2020 goals (14,15), 
and HP2020 leading health indicators communicate high-
priority health issues (16,17). However, aggregate (also 
known as composite) measures were suggested to enhance 
understanding of overarching public health developments 
(18) and to provide a succinct, high-level overview of 
subnational variations in health, such as by state (11,19) or 
county (20). 

The major strength of multidimensional indices is that the 
information they provide supplements the information that 
the component indicators can offer separately, because they 
help identify population subgroups that bear a joint burden 
on more than one of the component measures (12). One 
point of contention with multidimensional indices is that 
they are highly dependent on the weighting scheme selected 
for aggregating the component indicators—so much so 
that their construction can prove to be as much of an art 
as it is a science (21–24). Another point is that changes in 
a multidimensional index over time may reflect changes in 
any or all of the indicators further down in the hierarchy, so 
that drilling down to the components is often necessary to 
properly interpret changes at the top. 

This report brings to light additional methodological 
challenges that emerge specifically when developing 
multidimensional indices of health inequalities�  For example, 
if an a priori rationale for doing otherwise is lacking, equal 
weights can be given to the population attributes used, the 
subgroups defined by each population attribute, and the 
inequalities in the health measures selected. However, a 
different weighting scheme (for example, one that is based 
on a consensus derived from an expert panel and evidence-
based scientific research) could lead to different substantive 
findings and state rankings. 
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Methods 

Data 

Study sample 
Data for the analysis in this report are from the 2013–2015 
NHIS for adults aged 45–64. Response rates for sample adults 
in the 2013–2015 NHIS ranged from 55.2% to 61.2% (9). 
For this report, combining data years 2013–2015 provided 
statistically reliable estimates in the 20 most populous 
states for a sufficient number of the health measures and 
population subgroups considered. The 20 most populous 
states for which state-level estimates are presented are 
Arizona, California, Florida, Georgia, Illinois, Indiana, 
Maryland, Massachusetts, Michigan, Missouri, New Jersey, 
New York, North Carolina, Ohio, Pennsylvania, Tennessee, 
Texas, Virginia, Washington, and Wisconsin. 

Data source and survey design 
NHIS is a cross-sectional multipurpose health survey that has 
monitored the health of the nation since 1957 and has tracked 
health indicators, health care access, and health-related 
behaviors for the U.S. resident civilian noninstitutionalized 
population (9). Interviews are conducted in person in 
respondents’ homes, but follow-ups to complete interviews 
may be conducted over the telephone. 

The NHIS sample design is redesigned after every decennial 
census. The sample design for the 2013–2015 NHIS data 
used in this report was implemented in 2006, and 2015 
was the final year of that design’s implementation. In the 
2006–2015 design, around 87,500 persons (in 35,000 
households) were interviewed each year, although sample 
size varied from year to year. 

The 2006–2015 questionnaire consisted of: a Family Core 
component, with questions pertaining to all family members; 
a Sample Adult component, with questions pertaining to 
one randomly selected adult per family; and a Sample Child 
component, with questions pertaining to one randomly 
selected child per family (if children were present). Black, 
Hispanic, and Asian persons were targeted for oversampling 
to improve the reliability of estimates for these population 
subgroups. 

The NHIS sample is drawn from each state and the District of 
Columbia and involves a multistage stratified sampling plan 
(25). The first stage of sampling is the selection of primary 
sampling units (PSUs) within each state. PSUs are counties 
or groups of contiguous counties. 

For the 2006–2015 NHIS, after PSUs were selected, U.S. 
Census 2000-defined blocks within them were stratified 
by the 2000 census minority concentration status for 
implementing differential sampling rates for different 
subgroups, although these rates varied by survey year. 
PSUs very rarely straddled state boundaries. The resulting 
state stratification enhanced the survey’s ability to provide 

reliable state-level estimates for the largest states. As a 
result, selected estimates for many states may be obtained 
by combining data years (25). 

Statistical reliability and variance estimation 
Statistical reliability was evaluated using new NCHS 
standards for the presentation of percentages (26). The new 
standards use the width of the Korn–Graubard modification 
of the Clopper–Pearson confidence interval, among other 
statistical criteria, to determine if the estimated percentage 
is reliable. When available, information about statistical 
reliability is provided in the table footnotes. 

Variance estimation information, namely the pseudostrata 
and pseudo-PSUs, can be accessed from the public-use 
microdata files to allow data users to compute direct 
estimates of sampling errors that are consistent with the 
NHIS design (25). The pseudostrata and pseudo-PSUs also 
can be used to construct bootstrapped confidence intervals 
for point estimates and most likely ranks for rank estimates; 
see “Sampling variability of ranks.” 

Restricted use variables 
Data for the analysis in this report are from the Family Core 
and Sample Adult components of the survey and are almost 
entirely contained in the public-use files. However, variables 
that could permit direct or indirect identification of survey 
participants are withheld from NHIS public-use files. Because 
this report required the identification of sample adults’ state 
and county of residence, these variables required the use 
of restricted NHIS files. Restricted NHIS data are available 
to the public through the NCHS Research Data Center; see 
https://www.cdc.gov/rdc/index.htm. All findings were 
reviewed for disclosure risk prior to publication. 

Construction of Multidimensional Indices 
of State-level Health Inequalities 

The overall, multidimensional health inequalities indices 
were built in three stages (Figure 1). The initial building 
blocks were the state-specific summary inequalities indices 
corresponding to the demographic and socioeconomic 
attributes selected for the analysis. In this case, five attributes 
are used: sex, race and Hispanic origin, education, urbanicity, 
and disability status. At this initial stage, the summary indices 
were constructed for each population attribute separately 
for each of the health measures selected. Four health 
measures are used: healthy behaviors, access to medical 
care, general physical health status and mental health, and 
absence of multiple chronic conditions. As a result, the initial 
stage of the construction, represented by the branching 
segments of the flowchart in Figure 1, consisted of 20 
summary indices (5 population attributes times 4 health 
measures) that summarize or aggregate several pairwise 
inequalities or differences between the subgroups defined 
by each population attribute for each health measure. These 
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Summary index of 
inequalities by: 

Sex 

Education 

Urbanicity 

Disability status 

Race and 
Hispanic origin 

State-specific overall index of 
demographic and socioeconomic 

inequalities in core measure of health 

Healthy behaviors 

Composite index of demographic and 
socioeconomic inequalities in: 

Access to medical care 

General physical health status and 
mental health 

Absence of multiple chronic conditions 

Sex 

Education 

Urbanicity 

Disability status 

Race and 
Hispanic origin 

SOURCE: NCHS, National Health Interview Survey, 2013–2015. 

Figure 1. Construction of overall index of health inequalities for each selected state from four composite indices of demographic and 
socioeconomic health inequalities that combine five summary indices of health inequalities each 

summary indices had yet to be combined or aggregated 
across attributes or health measures. 

At the second stage, the state-specific summary inequalities 
indices were aggregated over the population attributes to 
form a composite index of inequalities in each of the health 
measures. In Figure 1, four composite indices are shown, one 
for each of the core health measures selected for analysis. 

At the third stage, the composite inequalities indices were 
aggregated, in turn, to form the overall, multidimensional 
inequalities index for each state. A description of the index 
construction at each stage and the selection of population 
attributes and core health measures follow. 

Weights and relative contributions of summary 
and composite inequalities indices 
Lacking an a priori rationale for prioritizing (reduction in) 
inequalities by one of these population attributes over the 
other four, equal weights were used for each of the five 
summary indices in constructing the composite inequalities 
indices. Similarly, lacking an a priori rationale for prioritizing 
(reduction in) inequalities in any one of the core health 
measures over the other three, equal weights were used 
for each of the four composite indices in constructing the 
overall index. See “Aggregating summary and composite 
inequalities indices” for additional details. 

To quantify how inequalities by each population attribute 
would contribute to a given composite index, the hypothesis 
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that all five summary indices contribute equally (20%) was 
tested at the 0.05 significance level. Similarly, to quantify how 
inequalities in each of the core measures would contribute 
to the overall index, the hypothesis that all four composite 
indices contribute equally (25%) was tested. 

Several options were available for constructing the 20 
summary indices shown in Figure 1. Because the choice of 
summary index impacts the magnitude and relative ranking 
of the state-specific overall indices, two summary index 
classes were studied: the Gastwirth and Atkinson classes 
(see “Selection of summary health inequalities indices”). 
This report refers to the overall and composite indices that 
result from aggregating the Gastwirth summary indices as 
the overall and composite Gastwirth indices. Similarly, the 
overall and composite indices that result from aggregating 
the Atkinson summary indices are referred to as the overall 
and composite Atkinson indices. 

Selection of population attributes 
Analysts may wish to examine core measures of health among 
population subgroups that are defined through commonly 
used demographic and socioeconomic characteristics, 
such as in HP2020 (3,10). In this report, the following five 
attributes were selected to illustrate the methodology: sex, 
race and Hispanic origin, educational attainment, urbanicity, 
and disability status. 

Sex 

Sex was categorized as male and female. Sex of the sample 
adult was reported by a knowledgeable adult member of 
the household during the household rostering portion of 
the NHIS interview, and it was verified with the sample adult 
when the household respondent was other than the sample 
adult (27). 

Race and Hispanic origin 

Four categories of race and Hispanic origin were used in the 
analysis: Hispanic, non-Hispanic white, non-Hispanic black, 
and non-Hispanic person of other race(s), including multiple 
races. Race and Hispanic origin of the sample adult were 
collected during the household rostering portion of the NHIS 
interview. 

Educational attainment 

Four categories of educational attainment were used: less 
than a high school education, high school graduate or GED, 
some college education, and college graduate or above. 
Educational attainment of the sample adult was reported by 
the family survey respondent. 

Urbanicity 

Households’ counties were classified using the 2013 
NCHS urban–rural classification scheme (28). Three broad 
categories were considered in the analysis: 1) counties that 

were part of large metropolitan statistical areas (MSAs, 
having populations of 1 million or more); 2) counties in 
medium-sized MSAs (with populations of 250,000–999,999); 
and 3) counties in small MSAs (with populations less than 
250,000) and in micropolitan statistical areas (with urban 
cluster populations of 10,000–49,999), and noncore 
counties. Urbanicity was coded from the NHIS restricted-
use data files based on the county where the interviewed 
household was located. 

Disability status 

Disability status was determined by “yes” answer(s) to any 
of the following six questions, referred to as the American 
Community Survey (ACS) questions, which had been 
endorsed by the U.S. Department of Health and Human 
Services (HHS) as the standard set of disability questions for 
inclusion on all HHS national surveys (29): 

● Person is deaf or has serious difficulty hearing.
● Person is blind or has serious difficulty seeing even when

wearing glasses.
● Person has serious difficulty concentrating, remembering, 

or making decisions, because of a physical, mental, or
emotional condition.

● Person has serious difficulty walking or climbing stairs.
● Person has difficulty dressing or bathing.
● Person has difficulty doing errands alone such as visiting a 
doctor’s office or shopping, because of a physical, mental,
or emotional condition.

The ACS questions were answered by an adult in families 
randomly selected to receive the Family Disability section 
of the questionnaire. About one-half of respondents from 
the person file were selected to receive the questions in the 
Family Disability section (30). 

Selection of core health measures 
NHIS provides data to track the health of Americans for 
multiple health measures, including health indicators, 
health care access, and health-related behaviors. Four 
core health measures were constructed for this report to 
represent the broad scope and depth of NHIS and illustrate 
the methodology: healthy behaviors, access to medical care, 
general physical health status and mental health, and absence 
of multiple chronic conditions. These core health measures 
are consistent with prior health measurement frameworks 
(11,18,20). For example, the Appendix provides a crosswalk 
between these NHIS-sourced core health measures and the 
measures identified in the Institute of Medicine’s (IoM) Vital 
Signs: Core Metrics for Health and Health Care Progress (18). 
In addition, percentages of U.S. adults aged 45–64 meeting 
the selected criteria for these four core health measures by 
the specified demographic and socioeconomic attributes are 
shown in Supplemental Table I–5. 
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Healthy behaviors 

Smoking, excessive alcohol use (including binge drinking and 
heavy drinking), and physical inactivity are U.S. public health 
priorities (31–36). NHIS questions about sample adults’ 
smoking and drinking behaviors and levels of physical activity 
were selected for this report to construct a multipronged 
NHIS-sourced core measure of healthy behavior. 

No smoking. Sample adults were first asked, “Have 
you smoked at least 100 cigarettes in your entire life?” 
Respondents answering “yes” were then asked, “Do you 
now smoke cigarettes every day, some days, or not at all?” 
Sample adults answering that they had smoked at least 100 
cigarettes in their lifetime but currently did not smoke at all, 
and those answering that they had never smoked more than 
100 cigarettes in their lifetime, were identified as meeting 
the “no smoking” criterion. 

No heavy alcohol use. Heavy alcohol use was derived from 
three survey questions: “In your entire life, have you had 
at least 12 drinks of any type of alcoholic beverage?” “In 
any one year, have you had at least 12 drinks of any type of 
alcoholic beverage?” and “In the past year, how often did 
you drink any type of alcoholic beverage?” Heavy drinker 
was defined as a current heavy drinker (“yes” responses to 
the first two questions, and either 15 or more drinks per 
week for males or 8 or more drinks per week for females in 
the past year, on average), consistent with federal guidelines 
(37). Sample adults who reported drinking fewer than 15 
drinks per week for males or fewer than 8 drinks per week 
for females in the past year, no alcohol consumption in the 
past year, or never having had 12 or more alcoholic drinks 
in their lifetime were identified as meeting the “no heavy 
alcohol use” criterion. 

Physical activity. Federal guidelines recommend that 
adults perform at least 150 minutes (2 hours, 30 minutes) 
a week of moderate-intensity or 75 minutes (1 hour, 15 
minutes) a week of vigorous-intensity aerobic physical 
activity, or an equivalent combination (38). The guidelines 
also recommend that adults perform muscle-strengthening 
activities of moderate or high intensity involving all major 
muscle groups on 2 or more days a week. NHIS questions ask 
about frequency and duration of light- to moderate-intensity 
and vigorous-intensity leisure-time physical activities, and 
frequency of leisure-time strengthening activities. Sample 
adults who met the recommended guidelines for both 
aerobic physical activity and muscle strengthening were 
identified as meeting the physical activity criterion. 

Those who were nonsmokers, nonheavy drinkers, and 
physically active were identified as meeting the selected 
criteria for healthy behavior. 

In the 2013–2015 NHIS, approximately 1.8% of all sample 
adults—and 2.1% of those aged 45–64—reported that 
they were unable to engage at least in moderate physical 
activity (as indicated by a response “unable to do this type 
of activity” to the NHIS questions about engaging in vigorous 

and moderate physical activity). For those adults, the NHIS-
sourced core measure of healthy behavior used in this report 
was constructed only from the “no smoking” and “no heavy 
alcohol use” criteria. 

See Supplemental Tables I–1a through I–1e for the 
percentages of adults aged 45–64 who met the selected 
criteria for healthy behavior in the 20 most populous states 
by each of the five population attributes (sex, race and 
Hispanic origin, educational attainment, urbanicity, and 
disability status). 

Access to medical care 

HP2020 considers that “access to comprehensive, quality 
health care services is important for the achievement of 
health equity” (39). An NHIS-sourced core measure of 
access to medical care was constructed from three selected 
criteria for access to care that were derived from several 
NHIS questions. 

Having a usual place of care. Criterion was based on a 
positive response to the survey question: “Is there a place 
that you usually go to when you are sick or need advice 
about your health?” Adults whose place of usual care was 
the hospital emergency room were considered not to have 
had a usual place of care. 

No unmet medical care need due to cost. Criterion was 
based on negative responses to all of the following eight 
questions asked in the Sample Adult and Family Core 
components of the survey: “During the past 12 months, was 
there any time when you needed any of the following, but 
didn't get it because you couldn't afford it?” 1) “Prescription 
medicines,” 2) “Mental health care or counseling,” 3) “Dental 
care,” 4) “Eye glasses,” 5) “See a specialist,” or 6) “Follow­
up care;” 7) “During the past 12 months, has medical care 
been delayed for {person} because of worry about the cost? 
(Do not include dental care);” and 8) “During the past 12 
months, was there any time when {person} needed medical 
care, but did not get it because {person} couldn’t afford it?” 

Not experiencing delay in medical care. Criterion was based 
on negative responses to all of the following five questions: 
“There are many reasons people delay getting medical 
care. Have you delayed getting care for any of the following 
reasons in the past 12 months?” 1) “You couldn't get through 
on the telephone;” 2) “You couldn't get an appointment 
soon enough;” 3) “Once you get there, you have to wait too 
long to see the doctor;” 4) “The clinic/doctor's office wasn't 
open when you could get there;” or 5) “You didn't have 
transportation.” 

A sample adult who met all three of the above criteria was 
classified as meeting the selected criteria for access to 
medical care. 

See Supplemental Tables I–2a through I–2e for the 
percentages of adults aged 45–64 who met the selected 
criteria for access to medical care in the 20 most populous 
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states by each of the five population attributes (sex, race 
and Hispanic origin, educational attainment, urbanicity, and 
disability status). 

Health insurance coverage is correlated with the three 
selected criteria for access to medical care. Adults with health 
insurance coverage for more than 1 year are more likely to 
have a usual place of medical care and less likely to report 
unmet medical needs due to cost than those without health 
insurance (40). Differences in health insurance coverage 
by state (41) and race and ethnicity (42) also may affect 
health care access and utilization. For these reasons, health 
insurance coverage was omitted from the NHIS-sourced 
core measure of access to medical care used in this report, 
consistent with IoM’s Vital Signs (18), where unmet care 
need is listed as a “core measure” of care access, whereas 
usual source of care and delay of needed care are listed as 
“related priority measures” (see Appendix). 

General physical health status and mental health 

Self-assessed physical and mental health statuses are 
indicators of perceived disease burden and quality of life that 
allow for broad comparisons across population subgroups 
(14,43). An NHIS-sourced core measure of general physical 
health status and mental health was constructed from NHIS 
questions about a sample adult’s general physical health 
status and mental health. 

General physical health status. Having good or better 
general physical health status was based on the responses 
“excellent,” “very good,” or “good” provided by the family 
survey respondent to the question, “Would you say {person’s} 
health in general is excellent, very good, good, fair, or poor?” 

Mental health. For this report, mental health was assessed 
using the Kessler 6 (K6) scale, which helps classify nonspecific 
psychological distress (NSPD), when present, as serious, 
moderate, or mild. The K6 scale is constructed from six survey 
questions: “During the past 30 days, how often did you feel” 
1) “So sad that nothing could cheer you up,” 2) “Nervous,” 3) 
“Restless or fidgety,” 4) “Hopeless,” 5) “That everything was 
an effort,” or 6) “Worthless.” Responses to each of these six 
questions are scored as: 0 = none; 1 = a little; 2 = some; 3 = 
most; or 4 = all of the time. The six scores are summed for 
a total K6 score ranging from 0 to 24. A K6 score of 13–24 
(serious NSPD) indicates a high probability of serious mental 
illness with serious impairment in functioning (44,45). A K6 
score of 8–12 (mild to moderate NSPD) also indicates a high 
probability of a mental illness as defined by the Diagnostic 
and Statistical Manual of Mental Disorders, 4th Edition 
(DSM–IV), but accompanying difficulties in functioning are 
less severe. A K6 score of 0–7 indicates either absence of or 
less than mild NSPD. 

A sample adult who was reported to be in good or better 
general physical health and who did not report serious, 
moderate, or mild NSPD was classified as meeting the 
selected criteria for general physical health status and 
mental health. 

See Supplemental Tables I–3a through I–3e for the 
percentages of adults aged 45–64 who met the selected 
criteria for general physical health status and mental health 
in the 20 most populous states by each of the five population 
attributes. 

Absence of multiple chronic conditions 

In 2010, HHS unveiled a strategic framework to improve 
health and quality of life for persons living with multiple 
chronic conditions (46). Ten of the 20 conditions prioritized 
in the HHS framework were reported in NHIS (47). NHIS 
questions asked if the sample adult had ever been diagnosed 
with: 

●	 Arthritis, including rheumatoid arthritis, gout, lupus, or 
fibromyalgia 

●	 Cancer, excluding skin nonmelanoma cases 
●	 Chronic obstructive pulmonary disease (COPD) 
●	 Coronary heart disease 
●	 Diabetes, excluding gestational diabetes 
●	 Emphysema 
●	 Hepatitis B 
●	 Hypertension 
● Stroke 
NHIS questions also asked if sample adults had a current 
diagnosis of asthma, as well as if, in the past 12 months, 
they had been diagnosed with chronic bronchitis or weak or 
failing kidneys (excluding kidney stones, bladder infections, 
or incontinence). For this report, NHIS sample adults with 
COPD, emphysema, or chronic bronchitis were considered 
to have COPD. 

A sample adult met the “no multiple chronic conditions” 
criterion if they were reported to have ever been diagnosed 
with no more than one of the above 10 chronic conditions 
(including asthma and weak or failing kidneys, and with 
the COPD, emphysema, and chronic bronchitis diagnoses 
combined). 

See Supplemental Tables I–4a through I–4e for the 
percentages of adults aged 45–64 who met the selected 
criteria for absence of multiple chronic conditions in the 
20 most populous states by each of the five population 
attributes. 

Selection of summary health inequalities indices 
This section describes the construction of indices that 
summarize pairwise inequalities in each selected core health 
measure among the population subgroups that are defined 
by each specified population attribute. 

For this report, two different summary index classes were 
used, the Gastwirth and the Atkinson index classes. Other 
commonly used summary index classes, such as the 
general entropy class as well as the class of so-called health 
concentration indices, also are available to analysts to use 
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instead of (or in addition to) the Gastwirth and Atkinson 
index classes (48–52). This report illustrates the impact of 
index class selection on the magnitude and relative ranking 
of the state-specific overall indices using just the Gastwirth 
and Atkinson classes; the latter is a broad class of indices 
that is mathematically related to both the general entropy 
class and health concentration indices. 

Gastwirth summary index 

The Gastwirth summary index looks at the difference 
between the average proportion for the outcome of interest 
and the most favorable group proportion (within the given 
population attribute) for that outcome (7,8). For a favorable 
health outcome (e.g., meeting the selected criteria for 
healthy behaviors, access to medical care, general physical 
health status and mental health, or absence of multiple 
chronic conditions), the most favorable group proportion is 
the highest proportion among the population subgroups of 
interest. Thus, the emphasis is on what it would “cost” to 
bring all worse-off groups to achieve parity with the most 
favorable group proportion (48). 

The absolute Gastwirth index, U, can be written as: 

The relative Gastwirth index, G, which is unit-free, is given 
by: 

In these equations, pmax is the most favorable group 
proportion, the pj are the proportions for each population 
subgroup j, the fj are the subgroups’ relative sizes in the 
population, and ptot is a weighted arithmetic average of the 
subgroup proportions: 

= × 

When the fj sum to one, ptot is the proportion for the total 
population. If some survey respondents have missing 
information about population subgroup membership, the 
weighted average ptot is no longer the proportion for the 
total population. In those cases, the fj are divided by the sum 
of the subgroup proportions in order to sum to one. 

For each of the health measures and population attributes 
selected for this report, Supplemental Tables I–1a through 
I–4e display the most favorable and average subgroup 
proportions pmax and ptot by state. 

The indices U and G benefit from a useful practical feature: 
Even if any of the less healthy groups, with proportions 
pj < pmax, are aggregated, U and G remain unchanged, because 
both pmax and ptot remain the same. Thus, while aggregation 
may improve the stability of subgroup estimates for smaller, 
less healthy groups (e.g., minority groups), aggregation will 
not affect the two Gastwirth indices or their stability. 

Despite the practicality and simplicity of the Gastwirth 
indices, analysts need to acknowledge drawbacks when 
using these summary measures. First, indices U and G 
decrease if the healthiest group is combined with any of 
the less healthy groups, because pmax would decrease while 
ptot would remain the same and ptot ≤ pmax. Thus, if pmax 
is achieved by a small minority group and is statistically 
unreliable, but that subgroup is aggregated with another 
subgroup to improve reliability of the combined estimate, 
then the two Gastwirth indices will be impacted. In those 
cases, the Gastwirth indices prior to aggregation will be more 
conservative than the Gastwirth indices after aggregation: 
The gap between the worse-off groups and the heathiest 
group will appear larger before than after aggregation. 

A second drawback is that the two Gastwirth indices may 
not reflect differences in the population composition of 
the states being compared. Suppose the population is 
composed of only two groups, with proportions p1 < p2. 
Because f2 = 1 – f1, increasing the relative size (f1) of the less 
healthy group (e.g., a minority group) decreases population 
health (ptot) and results in a higher index value. Thus, even if 
two states have equal levels of health for the two subgroups, 
the state with the larger minority group will be deemed more 
inequitable, although the size of the minority group in that 
state is not itself subject to public health intervention. In 
these cases, adjusting for the states’ population composition 
would result in “fairer” rankings. See “Calibrating summary 
inequalities indices for comparability between states” for 
more information. 

A third drawback of the Gastwirth indices, as with other 
summary indices, is that they measure inequality solely, 
regardless of health levels (e.g., the health of the least 
healthy subgroup, or the average health of the population) 
(49). See “Calibrating summary inequalities indices for 
comparability between states” for this report’s strategy to 
adjust summary inequalities indices for population health 
levels. 

Atkinson summary index 

For this report, summary indices also were developed 
using the Atkinson index, which derives from the theory of 
welfare economics and is often used in the study of health 
inequalities (50–52). Relatedly, the UNDP uses the Atkinson 
index to adjust HDI for inequalities in its three component 
measures (12). 

Actually, the Atkinson index is a family of summary indices 
Aα, with values between 0 and 1, given by 

= 1  exp( RI ) 

The RIα in this expression is the Rényi index, written as 
follows to showcase the population weights fj and the ratios 
pj  / ptot comparing each population group’s proportion to 
the population average: 
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1
RI = × ln ×

1 
when α ≠ 1, α > 0; and 

RI = × ln 

when α = 1. The index RI1 is the mean log deviation index. 

The Atkinson index Aα is equal to zero only if all the pj are 
the same. The parameter α is positive, and it is a constant 
relative inequality aversion parameter; as a result, Aα is 
nondecreasing with increasing values of α. The Atkinson 
index also satisfies foundational principles in inequality 
measurement, including the principles of transfers, 
population replication, and subgroup decomposability (52). 

In contrast to the Gastwirth index, the Atkinson index 
explicitly recognizes the tradeoff between reducing 
inequality and improving health for all. From the above 
expressions, the index Aα is given by: 

= 1  
( ) 

where, for α = 1, 
( ) = exp × ln 

is the population-weighted geometric average of the pj , and, 
for α ≠ 1, α > 0, 

is a generalized population-weighted geometric average. 

As α increases, the generalized geometric average  gives 
more weight to those groups with less favorable proportions 
pj. Because  is necessarily less than or equal to ptot, the 
tradeoff is revealed: Aα is the relative reduction in the overall 
health level that society would, hypothetically, be willing to 
accept in exchange for achieving equality (i.e., hypothetically, 

 for all groups). The larger the aversion to inequality, 
the more society is willing to accept the ensuing reduction in 
the overall health levels. 

With infinite inequality aversion, society would accept a full 
reduction for achieving equality: 

pj ≡ 

Consistent with the Rawlsian view that society is only as 
healthy as its least healthy group, increasing the relative size 
of the less healthy group(s) decreases the A∞ index values 
toward zero. Because Aα ≤ A∞ for all α, it follows that the Aα 
index values also will tend to zero. 

Unlike the Gastwirth index, whether the Aα index values will 
decrease or increase with a larger share f1 of the minority 
group depends on the differential decrease between and 
ptot. For example, in the case of two population subgroups 

with proportions p1 < p2, the index A1 (for α = 1) will first 
increase when f1 increases from 0 to f, then decrease when 
f1 increases from f to 1, with .= 

To further highlight the differences between the Gastwirth 
and Atkinson indices, note that the relative Gastwirth index 
G may be written as 

In contrast, for α = 2, the Atkinson index A2 is given by 

where inequalities are assessed relative to the average of 
subgroup proportions ptot instead of the most favorable 
group proportion pmax. For α = 1, the Atkinson index A1 is a 
standardized mean log deviation: 

In addition, for α = 0.5, the Atkinson index A0.5 is given by 

The natural logarithm and square root functions in A1 and 
A0.5, respectively, have the effect of penalizing departures of 
the ratio pj  / ptot from the value 1 (which reflects parity) at 
different rates than the reciprocal function in A2. In addition, 
for α ≥ 1, the Atkinson index value may become maximal 
(equals 1) or near maximal (less than, but near, 1) whenever 
a population subgroup has zero or near zero percentage of 
adults who meet the selected criteria (due to division by 
zero for α > 1; or the logarithm of zero for α = 1). For this 
reason, the Atkinson index with 0 < α < 1 may be preferred 
to the Atkinson index with α ≥ 1. 

Calibrating summary inequalities indices for 
comparability between states 

Holding the most favorable proportion, pmax, constant, 
the upper limit U∞ for the Gastwirth index U is when the 
population composition is such that only a single individual 
achieves the most favorable proportion and all other groups 
have zero proportion, resulting in U∞ = pmax. In this case, the 
population average ptot is practically zero, so the index G∞ 
would be infinite due to division by zero. 

Although an adjusted Gastwirth index G* = G / G∞ would not 
yield a viable measure for comparisons across states because 
its denominator is infinite, the adjusted Atkinson index 

* *Aα = Aα  / A∞ would. The index Aα adjusts the Atkinson 
index Aα by the reduction in health that a state would, 
hypothetically, be willing to trade off in order for all groups 
to be no healthier than the least healthy group. 

Despite not directly addressing the differences across states 
in population composition, the adjusted Atkinson index 
does account for differences across states in the health of 
the least healthy group (often a minority or traditionally 
disadvantaged group). 
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Aggregating summary and 
composite inequalities indices 
Various options were available for 
constructing an aggregate index I from 
a set of component indices I1, I2, …, IK. 
The arithmetic mean, 

is known to be heavily influenced by 
extreme values of the component 
indices. To improve the stability of the 
average and to ensure that, say, a 1% 
reduction in any one component Ik , 
k = 1, 2, …, K, had the same impact on 
the aggregate I as a 1% reduction in any 
of the other components, the average 
was computed using the geometric 
instead of the arithmetic mean: 

(Note: For any positive scalars a1, a2, 
…, ak, the geometric–arithmetic mean 
inequality holds: 
[a1 × a2 × … × ak]1/k ≤ 
[a1 + a2 + … + ak]/k 

Moreover, a 1% reduction in a1, say, 
has the same impact on the geometric 
mean as a 1% reduction in a2 (or any 
of the other scalars): [(0.99×a1) × a2 × 
… × ak]1/k = [a1 × (0.99×a2) × … × ak]1/k. 
This is not the case for the arithmetic 
mean: [(0.99×a1) + a2 + … + ak]/k ≠ 
[a1 + (0.99×a2) + … + ak]/k.) 

Due to the form of the Gastwirth and 
Atkinson summary indices, as 

, 

aggregate indices were calculated as: 

G = [(1 + G1) × (1 + G2) × … 
× (1 + GK)]1/K – 1 

Aα = 1 – [(1 – A1,α) × (1 – A2,α) × … 
× (1 – AK,α)]1/K 

This expresses the aggregates directly 

in terms of the ratios
 

for each of the K components. 


For example, the composite Gastwirth index was given by 

The numerator in the above fraction is the geometric mean of the five most 
favorable population subgroup proportions p1,max, p2,max, …, and p5,max 
(corresponding to the five population attributes). The denominator is the 
geometric mean of the averages of subgroup proportions for each attribute. The 
latter are generally equal to the marginal population mean, but they may differ 
slightly when respondents have missing values in any of the five attributes (e.g., 
educational attainment or disability status). Thus, the composite G index is 
expressed similar to each of the component summary indices, and it can be 
interpreted as the relative “cost” of bringing all worse-off population subgroups to 
parity with an average most-favorable subgroup proportion, where the average is 
over all five population attributes. 

The percentage contribution to the aggregate index from each of the component 
indices also was calculated on the log scale for Ik = 1 + Gk or I = Ak,α − 1. For example, 
the contribution of the summary Gastwirth index Gi1 of inequalities in core health 
measure i by population attribute 1 (e.g., sex) to the composite Gastwirth index G 
was calculated using: 

The contribution of the inequalities by population attribute 1 (e.g., sex) was 
calculated using: 

where Gij is the summary index of inequalities by population attribute j in core 
health measure i. 

Dependence on sampling variability and measurement 
assumptions 
States could be ranked by their score on the overall, composite, and summary 
health inequalities indices constructed. For each of the resulting state rankings, 
the analysis in this report accounted for the design-based sampling variability 
of these rankings, as well as their sensitivity to assumptions and measurement 
decisions (e.g., the choice of index [Gastwirth or Atkinson family] for the summary 
indices). 

Sampling variability of ranks 

Sets of bootstrapped sampling weights were created from the sample adults’ 
weights. With the stratified multistage design of NHIS, this bootstrap procedure is 
akin to the jackknife method of variance estimation, is attributed to Rao and Wu 
(53), and is described elsewhere (50,51,54). Briefly, replicate weights were created 
as follows: for each (pseudo)stratum h, mh = nh − 1 (pseudo-)PSUs were selected 
with replacement from the nh PSUs in that stratum; weights for sample adults in 
PSUs not included in a given bootstrap replicate were set to 0; weights in PSUs 
that were included in the bootstrap replicate were multiplied by k × nh / (nh − 1), 
where k is the number of times each selected PSU was selected. This procedure 
was repeated a large number of times. The SAS macros used for this report to 
implement the bootstrap and calculate and rank the summary, composite, and 
overall Gastwirth and Atkinson indices are available from the authors upon 
request. 
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The bootstrapped weights allowed for 
a bootstrap distribution of the joint 
rankings of the 20 states. To estimate 
the joint rankings distribution with 
acceptable precision, 1,000 sets 
of bootstrapped weights were 
generated. To avoid overcoverage that 
would result from contiguous 90% 
confidence intervals (CIs) around a 
state’s rank, 90% highest probability 
regions (HPRs) were computed 
instead. Each set of sampling weights 
resulted in a possibly different ranking 
of the 20 most populous states. The 
90% HPR for each state consisted 
of the most likely ranks that each 
state was assigned in 9 out of 10 
bootstrapped samples. 

For example, if New York ranked third 
on a particular index, with a 90% HPR 
given by the set of ranks {1–4, 6}, this 
would indicate that the 90% most 
likely ranks for New York among the 20 
most populous states were 1, 2, 3, 4, 
or 6, conveying the uncertainty about 
the rank estimate of 3. Note that the 
bootstrapped 90% HPR for any given 
state may or may not cover the rank 
estimate for that state. 

Confidence intervals for most 
favorable subgroup percentages 

The bootstrapped 95% CIs for 
subgroup percentages generally 
were in agreement with the 95% CIs 
obtained using the Korn–Graubard 
adjustment to the Clopper–Pearson 
method. However, the bootstrapped 
CIs for the most favorable subgroup 
percentages tended to be wider than 
the Korn–Graubard CIs for subgroup 
percentages in the subgroups 
that achieved the most favorable 
percentages; for some examples, 
see Supplemental Tables I–1a 
through I–4e. This was because each 
bootstrapped sample randomized not 
only the percentage achieved by each 
population subgroup, but also which 
subgroup achieved the most favorable 
percentage. 

Sensitivity to measurement assumptions 

In addition to the Gastwirth index, summary indices were constructed from the 
Atkinson index class. State rankings obtained from the former were compared 
with those obtained from the Atkinson indices. 

Due to the dependence of population-weighted measures, such as the Gastwirth 
and Atkinson indices, on the underlying population composition (i.e., the relative 
sizes of population subgroups for a given population attribute), an adjustment to 
the Atkinson indices adjusted each state’s index value by the value of the Atkinson 
index corresponding to an infinite inequality aversion, as previously described in 
“Calibrating summary inequalities indices for comparability between states.” 

Results 
The 20 summary Gastwirth indices (5 population attributes times 4 health 
measures) from the first stage of the overall index construction illustrated in 
Figure 1 are shown in Table 1a for healthy behaviors, Table 2a for access to medical 
care, Table 3a for general physical health status and mental health, and Table 4a 
for absence of multiple chronic conditions. Results using the Atkinson summary 
indices were similar to those presented in these tables and are not included in this 
report. 

The four composite Gastwirth indices from the second stage of the overall index 
construction are shown in Tables 1b, 2b, 3b, and 4b. Similar tables showing 
the composite Atkinson indices are not included. Although the percentage 
contributions to the composite from the summary indices were generally 
consistent between the two index classes, the Atkinson class resulted in different 
state rankings, as discussed below. 

The overall, multidimensional Gastwirth indices are shown in Table 5. 

By way of illustration, the summary Gastwirth indices of inequalities in healthy 
behaviors in Arizona were 0.06 by sex, 0.23 by race and Hispanic origin, 0.45 by 
education, 0.21 by urbanicity, and 0.07 by disability status (Table 1a). As previously 
described in “Aggregating summary and composite inequalities indices,” these 
summary indices were aggregated using the following geometric mean: 
[(1 + 0.06) × (1 + 0.23) × (1 + 0.45) × (1 + 0.21) × (1 + 0.07)]1/5 = [2.5]1/5 ≈ 1.20 

Thus, the composite Gastwirth index of inequalities in healthy behaviors for 
Arizona was 1.20 – 1 = 0.20 (Table 1b). 

Table 1b also shows the percentages that the inequalities by each population 
attribute contributed to the composite Gastwirth index. These percentages 
were derived from the summary Gastwirth indices as previously described in 
“Aggregating summary and composite inequalities indices.” For example, the 
contribution of race and Hispanic origin to the composite inequalities in healthy 
behaviors in Arizona was 23.1%: 

Continuing with the indices for Arizona, the overall Gastwirth index in turn 
aggregated the composite Gastwirth indices of inequalities in healthy behaviors 
(0.20), access to medical care (0.18), general physical health status and mental 
health (0.12), and absence of multiple chronic conditions (0.08): 
[(1 + 0.20) × (1 + 0.18) × (1 + 0.12) × (1 + 0.08)]1/4 – 1 = [1.7]1/4 – 1 ≈ 0.14 
as shown in Table 5. 
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The percentage contributions from inequalities in each core health measure and 
by each population attribute to the overall inequalities index are also shown in 
Table 5. The percentage contribution from each of the four core health measures 
to the overall index was calculated in the same way as described above, based on 
the composite G indices for each measure. However, the contribution from each 
population attribute cut across the components of the four composite indices 
(Figure 1). For example, the contribution of inequalities by sex to the overall 
index in Arizona was 5%. As previously explained in “Aggregating summary and 
composite inequalities indices,” this was derived from 

where the numerator consists of a sum over all four summary indices of inequalities 
by sex, and the denominator is a sum over all 20 summary indices Gij (five for each 
of the four core health measures). 

Note that rounding discrepancies may occur when using the values shown in the 
tables for the above calculations. The values of composite and overall indices 
shown in the tables, as well as the percentage contributions thereto, were 
calculated using unrounded values prior to rounding and tabulation. 

Impact of prevalence on aggregate inequalities. The lower prevalence of healthy 
behaviors (HBs, 16.4%) among U.S. adults aged 45–64 resulted in inequalities 
in HBs accounting for significantly more of the overall index than inequalities in 
access to medical care (AMC, 65.0% prevalence), general physical health status 
and mental health (PMH, 77.1%), or absence of multiple chronic conditions (MCCs, 
68.6%) in 19 of the 20 most populous states; see Supplemental Table I–5 for U.S. 
prevalence estimates. This finding likely can be generalized for the proposed 
multidimensional health inequalities indices—that less prevalent outcomes will 
contribute more to inequalities than more prevalent outcomes. 

Differentiability between states with respect to health inequalities therein. The 
differentiability between states based solely on inequalities in the core measures 
or by the population attributes selected was relatively low in the example analyzed 
in this report. Composite G index values were right-skewed and ranged from 0.13 
to 0.44 for inequalities in HBs (Table 1b), 0.05 to 0.18 for inequalities in AMC 
(Table 2b), 0.05 to 0.19 for inequalities in PMH (Table 3b), and 0.05 to 0.17 for 
inequalities in absence of MCCs (Table 4b). Similarly, overall G index values ranged 
from 0.08 to 0.20 (Table 5). (The G index is generally between 0.00 and 1.00.) 
On the other hand, inequalities by education contributed significantly more than 
inequalities by sex, race and Hispanic origin, urbanicity, or disability status in 14 
of the 20 states (Table 5). Those with at least a 4-year college degree achieved 
the most favorable percentages for meeting the selected criteria for HBs, AMC, 
PMH, and absence of MCCs in all 20 states (Supplemental Tables I–1c, I–2c, I–3c, 
and I–4c). This finding likely holds in general: Because they aggregate inequalities 
only, regardless of population health levels, the proposed multidimensional health 
inequalities indices will not have high sensitivity in differentiating between states. 
As discussed below, inequality-adjusted health indices, akin to UNDP’s inequality-
adjusted HDI, may be more sensitive. 

Impact of survey design and sampling variability. Variability across the 1,000 
bootstrapped samples in the index estimates and rankings therein was reflected 
in the widths of the bootstrapped 95% CIs and the size of the set of 90% most likely 
rankings for each state (Tables 1b, 2b, 3b, 4b, and 5). For instance, variability in the 
overall G index rankings was such that, for example, the 90% most likely rankings 
for Tennessee included 5 likely ranks, 16–20, whereas those for Wisconsin included 
16 likely ranks, 3–18 (Table 5). 

Dependence of state rankings on 
index class selection. Rank uncertainty 
was a further reflection of the low 
differentiability between states 
based on inequalities in the selected 
health measures. State rankings also 
depended on index class selection. 
Table 6 compares the states’ rankings 
when the Gastwirth index G and the 
unadjusted and adjusted Atkinson 

*indices Aα and Aα , α = 0.5, 1, or 2, were 
used in the construction of the state-
specific overall indices. Generally, 
the rankings based on the overall 
Gastwirth index were not identical to 
those that were based on the Atkinson 
index class. Differences were also seen 
in the state rankings from the Atkinson 
indices depending on the value of the 
parameter α, and whether the indices 
had been adjusted. 

Consistency of rank tiers across 
index classes. Ranks from the overall 
Gastwirth and Atkinson indices 
constructed for this analysis generally 
clustered together. For simplicity of 
comparison, three tiers of state rankings 
were considered: those ranked 1–6, in 
tier 1; those ranked 7–14, in tier 2; and 
those ranked 15–20, in tier 3. Using 
the tiers from the overall G index as 
reference, Figure 2 provides a visual 
display of the information in Table 6 
for the overall G, unadjusted A0.5, and 
adjusted A0.5 indices. Rank tiers from 
the unadjusted A0.5 index matched 
those from the overall G index in 12 
states. Rank tiers from the adjusted 
A0.5 index matched those from the 
overall G index in 14 states. Rank tiers 
from the unadjusted and adjusted A0.5 
indices were consistent in 16 states. 
In addition, rankings from the overall 
G, unadjusted A0.5, and adjusted A0.5 
indices that fell in different ranking 
tiers were such that their ranking from 
one index was no more than one tier 
away from their ranking from another 
index (i.e., moving from one index to 
another results in changes in rankings 
from tier 1 to tier 2; tier 2 to tiers 1 or 
3; or tier 3 to tier 2; but no changes 
from tier 1 to tier 3 or tier 3 to tier 1). 
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Figure 2. Rankings from overall Gastwirth and Atkinson unadjusted and adjusted indices of demographic and socioeconomic 
inequalities in selected core health measures for the 20 most populous states among adults aged 45–64: National Health Interview 
Survey, 2013–2015
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Tier 1 Tier 2 Tier 3

Massachusetts
Overall Gastwirth index

Overall Atkinson index with Ⲁ = 0.5
Adjusted overall Atkinson index with Ⲁ = 0.5

New Jersey
Overall Gastwirth index

Overall Atkinson index with Ⲁ = 0.5
Adjusted overall Atkinson index with Ⲁ = 0.5

California
Overall Gastwirth index

Overall Atkinson index with Ⲁ = 0.5
Adjusted overall Atkinson index with Ⲁ = 0.5

Illinois
Overall Gastwirth index

Overall Atkinson index with Ⲁ = 0.5
Adjusted overall Atkinson index with Ⲁ = 0.5

Maryland
Overall Gastwirth index
Overall Atkinson index with Ⲁ = 0.5
Adjusted overall Atkinson index with Ⲁ = 0.5

Florida
Overall Gastwirth index
Overall Atkinson index with Ⲁ = 0.5
Adjusted overall Atkinson index with Ⲁ = 0.5

Washington
Overall Gastwirth index
Overall Atkinson index with Ⲁ = 0.5
Adjusted overall Atkinson index with Ⲁ = 0.5

Virginia
Overall Gastwirth index
Overall Atkinson index with Ⲁ = 0.5
Adjusted overall Atkinson index with Ⲁ = 0.5

Wisconsin
Overall Gastwirth index
Overall Atkinson index with Ⲁ = 0.5
Adjusted overall Atkinson index with Ⲁ = 0.5

New York
Overall Gastwirth index
Overall Atkinson index with Ⲁ = 0.5
Adjusted overall Atkinson index with Ⲁ = 0.5

State and health inequalities index  

Rank: 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 201

Rank from overall Gastwirth and Atkinson
(with Ⲁ = 0.5) unadjusted and adjusted indices

x Bootstrapped 90% most likely rankings, based on tier from overall Gastwirth index:
Tier 1: Rank 1–6 Tier 2: Rank 7–14 Tier 3: Rank 15–20

See footnotes at end of table. 
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NOTES: States are sorted by their rank on the overall Gastwirth index. For simplicity of comparison to the unadjusted and adjusted Atkinson indices, three tiers of state rankings are 
presented: Those ranked 1–6 by the overall Gastwirth index are in tier 1, those ranked 7–14 in tier 2, and those ranked 15–20 in tier 3. Shaded horizontal bars show the coverage of the 
90% most likely ranks for each selected state and index.
SOURCE: NCHS, National Health Interview Survey, 2013–2015.
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Michigan

Overall Gastwirth index

Overall Atkinson index with Ⲁ = 0.5
Adjusted overall Atkinson index with Ⲁ = 0.5

Texas

Overall Gastwirth index
Overall Atkinson index with Ⲁ = 0.5
Adjusted overall Atkinson index with Ⲁ = 0.5

Missouri

Overall Gastwirth index
Overall Atkinson index with Ⲁ = 0.5
Adjusted overall Atkinson index with Ⲁ = 0.5

Arizona

Overall Gastwirth index

Overall Atkinson index with Ⲁ = 0.5
Adjusted overall Atkinson index with Ⲁ = 0.5

North Carolina

Overall Gastwirth index

Overall Atkinson index with Ⲁ = 0.5
Adjusted overall Atkinson index with Ⲁ = 0.5

Pennsylvania
Overall Gastwirth index
Overall Atkinson index with Ⲁ = 0.5
Adjusted overall Atkinson index with Ⲁ = 0.5

Ohio
Overall Gastwirth index
Overall Atkinson index with Ⲁ = 0.5
Adjusted overall Atkinson index with Ⲁ = 0.5

Georgia

Overall Gastwirth index
Overall Atkinson index with Ⲁ = 0.5
Adjusted overall Atkinson index with Ⲁ = 0.5

Indiana
Overall Gastwirth index
Overall Atkinson index with Ⲁ = 0.5
Adjusted overall Atkinson index with Ⲁ = 0.5

Tennessee
Overall Gastwirth index
Overall Atkinson index with Ⲁ = 0.5
Adjusted overall Atkinson index with Ⲁ = 0.5

State and health inequalities index  Tier 1 Tier 2 Tier 3

Rank: 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 201

Rank from overall Gastwirth and Atkinson
(with Ⲁ = 0.5) unadjusted and adjusted indices

x Bootstrapped 90% most likely rankings, based on tier from overall Gastwirth index:
Tier 1: Rank 1–6 Tier 2: Rank 7–14 Tier 3: Rank 15–20

Figure 2. Rankings from overall Gastwirth and Atkinson unadjusted and adjusted indices of demographic and socioeconomic 
inequalities in selected core health measures for the 20 most populous states among adults aged 45–64: National Health Interview 
Survey, 2013–2015—Con.



  

 

Sensitivity to zero subgroup proportions. As discussed 
in Methods, the Atkinson index may either achieve or 
closely approach its maximal value (equals 1) whenever a 
population subgroup has zero or near zero percentage of 
adults who met the selected criteria. States for which this 
occurred ended up with a tier 3 rank when the inequality 
aversion parameter in the Atkinson index was changed from 
α = 0.5 to α = 1 or 2. For example, as shown in Supplemental 
Table I–1c, the percentages of adults aged 45–64 meeting 
the selected criteria of healthy behavior for those with less 
than a high school education were 0.5% in Massachusetts 
and 0.8% in Washington (both 95% CI: 0.0–7.1). These 
states ranked, alternatively, 19 and 20 in the unadjusted and 
adjusted Atkinson indices for α = 2 (Table 6). 

Discussion 
This report highlights some of the methodological issues 
that arise in the construction and design-based estimation 
of overall, multidimensional health inequalities indices 
among adults aged 45–64 in core measures of health, using 
state-level NHIS data as an example. Four core measures of 
health were selected: healthy behaviors, access to medical 
care, general physical health status and mental health, and 
absence of multiple chronic conditions. Inequalities were 
assessed across subgroups defined by sex, race and Hispanic 
origin, education, urbanicity, and disability status. 

The lower prevalence of healthy behaviors among U.S. 
adults aged 45–64 during 2013–2015 resulted in inequalities 
in healthy behaviors accounting for significantly more of 
the overall index than inequalities in access to medical 
care, general physical health status and mental health, or 
absence of multiple chronic conditions in 19 of the 20 most 
populous states. This pattern is likely to be generalized 
for multidimensional health inequalities indices, because 
relative inequalities tend to be larger for less prevalent 
health outcomes than for more prevalent outcomes (55). 

Differences were seen in the state rankings depending on 
which of the three overall Atkinson indices (with α = 0.5, 1, 
or 2) was used, and whether the index had been adjusted 
for the health of the least healthy group. Rankings based 
on the overall Gastwirth index also differed from those that 
were based on the Atkinson family. Yet, in this analysis, the 
majority of the 20 states were ranked in consistent tiers 
by the overall G and Aα indices, indicating some degree of 
robustness in the choice of summary index class. 

The framework described in this report allowed for ranking 
states according to the level of inequalities therein. 
Because they aggregate multiple component indices 
into a single indicator, multidimensional indices, such as 
the composite and overall indices constructed for this 
report, reflect the analyst’s assumptions and choices in 
the selection of variables, definition of measures, and 
weighting of components (21–24). Thus, rankings based 
on such multidimensional indices also depend on these 

measurement assumptions and choices. The framework in 
this report allowed, to the extent possible, for underlying 
measurement assumptions to be made explicit, and it 
offered a way to quantify rank uncertainty that was due to 
the survey design and sampling variability. 

Smaller or less diverse states will tend to have more rank 
uncertainty than larger or more diverse states. The large 
degree of uncertainty in the ranking of states based on 
the overall and composite inequalities indices also reflects 
the difficulty in differentiating between states solely using 
inequalities in the health measures selected. Indeed, 
summary inequalities indices, which are the disaggregated 
components of the overall and composite indices, solely 
measure inequality, regardless of population composition or 
health levels. The adjusted Atkinson indices used in this report 
could account for differences across states in the health of 
the least healthy group, but, still, they did not fully account 
for differences in population composition and health levels 
between states. In addition, in the data analyzed for this 
report, the adjusted Atkinson indices generally produced the 
same rank tiers as their unadjusted counterparts. The report 
did not explore alternative adjustments to the indices, such 
as adjusting population subgroup percentages by the direct 
method prior to computing summary indices. 

Inequality-adjusted health indices, akin to UNDP’s 
inequality-adjusted HDI (12), may enhance differentiability 
between states and reduce ranking uncertainty. However, 
this approach would also have its challenges, most notably 
the lack of comparability of population health levels across 
multiple health measures (e.g., more than 600 measurable, 
population-based HP2020 indicators) that capture different 
constructs or domains, or that are measured using different 
scales (e.g., percentages, rates per 100,000, or mean levels). 
Relative indices such as the Gastwirth and Atkinson indices 
are dimensionless and scale-free, and, therefore, facilitate 
broad comparisons using multidimensional aggregates. 

In the example analyzed, because an a priori rationale for 
doing otherwise was lacking, equal weights were given to: 
the five population attributes, the subgroups defined by 
each population attribute, the inequalities in the four core 
measures of health, and the component criteria in the four 
core measures (e.g., three criteria for healthy behaviors, 
three for access to medical care, and two for general physical 
health status and mental health). A different weighting 
scheme could be selected, for example, that was based on 
a consensus derived from an expert panel and evidence-
based scientific research. Further, alternative variable 
definitions or numerical cutoffs for the component health 
measures, such as “heavy alcohol use” (56) or NSPD (57), 
could be considered. While the methodological exercise of 
this report could not evaluate all of these considerations, 
researchers interested in using these methods could 
conduct a more complete investigation of the sensitivity of 
multidimensional inequality indices and health measures 
to the effect of weighting, measure definitions, and other 
substantive issues. 
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Table 1a. Summary Gastwirth indices of inequalities among adults aged 45–64 in meeting selected criteria 
for healthy behavior, by specified demographic and socioeconomic attributes in the 20 most populous states: 
National Health Interview Survey, 2013–2015 

Summary G index (95% CI) 

Race and 
State Sex Hispanic origin Education Urbanicity Disability status 

Arizona 0.06 (0.00–0.43) 0.23 (0.10–1.40) 0.45 (0.24–1.09) 0.21 (0.04–1.14) 0.07 (0.01–0.33) 
California 0.03 (0.00–0.14) 0.30 (0.21–0.68) 0.55 (0.40–0.69) 0.11 (0.02–0.50) 0.04 (0.00–0.09) 
Florida 0.10 (0.00–0.29) 0.22 (0.09–0.67) 0.44 (0.21–0.61) 0.35 (0.02–1.04) 0.06 (0.01–0.14) 
Georgia 0.38 (0.10–0.56) 0.11 (0.05–0.73) 0.72 (0.35–1.02) 0.45 (0.30–1.50) 0.12 (0.01–0.45) 
Illinois 0.06 (0.00–0.22) 0.08 (0.04–0.50) 0.55 (0.38–0.90) 0.04 (0.02–0.50) 0.02 (0.00–0.37) 
Indiana 0.53 (0.20–0.78) 1.47 (0.04–3.07) 0.12 (0.12–0.78) 0.32 (0.09–0.90) 0.12 (0.00–0.33) 
Maryland 0.19 (0.01–0.47) 0.21 (0.06–0.75) 0.35 (0.18–0.82) 0.05 (0.02–0.60) 0.09 (0.01–0.25) 
Massachusetts 0.04 (0.00–0.22) 0.06 (0.05–0.85) 0.39 (0.21–0.62) 0.19 (0.03–0.54) 0.01 (0.00–0.93) 
Michigan 0.10 (0.01–0.27) 0.54 (0.11–1.40) 0.52 (0.25–0.89) 0.31 (0.05–1.03) 0.05 (0.00–0.39) 
Missouri 0.28 (0.02–0.55) 0.09 (0.06–1.34) 0.43 (0.29–1.00) 0.23 (0.10–0.87) 0.16 (0.12–0.28) 

New Jersey 0.11 (0.01–0.31) 0.25 (0.09–1.01) 0.43 (0.21–0.70) 0.02 (0.01–0.90) 0.03 (0.00–0.38) 
New York 0.19 (0.01–0.35) 0.15 (0.12–0.31) 0.55 (0.31–0.85) 0.77 (0.25–1.50) 0.10 (0.02–0.22) 
North Carolina 0.00 (0.00–0.19) 0.06 (0.03–1.16) 0.81 (0.50–1.10) 0.36 (0.10–0.59) 0.20 (0.10–0.32) 
Ohio 0.05 (0.00–0.19) 0.84 (0.06–2.55) 1.05 (0.72–1.61) 0.12 (0.04–0.55) 0.11 (0.01–0.26) 
Pennsylvania 0.11 (0.01–0.31) 0.85 (0.08–2.06) 0.92 (0.68–1.25) 0.08 (0.03–0.54) 0.15 (0.05–0.23) 
Tennessee 0.25 (0.03–0.48) 0.26 (0.05–1.70) 0.79 (0.26–1.37) 0.36 (0.12–1.21) 0.16 (0.01–0.36) 
Texas 0.18 (0.07–0.30) 0.25 (0.14–0.36) 0.82 (0.68–1.05) 0.18 (0.11–0.28) 0.15 (0.09–0.22) 
Virginia 0.21 (0.01–0.42) 0.05 (0.05–1.38) 0.45 (0.27–0.80) 0.10 (0.07–0.57) 0.16 (0.05–0.28) 
Washington 0.04 (0.00–0.22) 0.19 (0.04–1.48) 0.47 (0.24–0.78) 0.01 (0.02–0.43) 0.09 (0.00–0.28) 
Wisconsin 0.07 (0.01–0.35) 0.31 (0.02–1.80) 0.37 (0.24–0.78) 0.61 (0.07–1.45) 0.04 (0.00–0.60) 

NOTES: G is Gastwirth index. Confidence intervals (CIs) are bootstrapped 95% CIs obtained from sets of 1,000 bootstrapped replicates of the sample adult 
weights. 

SOURCE: NCHS, National Health Interview Survey, 2013–2015. 
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Table 1b. Composite Gastwirth indices of demographic and socioeconomic inequalities in healthy behaviors, percent contribution from component 
population attributes, and resulting state rankings among adults aged 45–64 in the 20 most populous states: National Health Interview Survey, 
2013–2015

Ranking by Percent contribution of inequalities, by population attribute (95% CI)
composite 

Composite G index Race and 
State G index (95% CI) (90% most likely ranks) Sex Hispanic origin Education Urbanicity Disability status 

Arizona 0.20 (0.17–0.56) 8 (3–19) 6.7 (0.4–25.3) 23.1 (8.6–49.4) 41.4 (15.5–52.0) 21.2 (4.0–52.7) 7.5 (0.5–19.7)
California 0.19 (0.17–0.30) 7 (2–10) 3.0 (0.2–12.5) 30.7 (20.0–45.5) 50.5 (31.3–55.6) 11.5 (2.1–34.1) 4.3 (0.4–9.1)
Florida 0.22 (0.15–0.36) 9 (1–12) 9.1 (0.4–24.4) 19.5 (8.2–47.7) 35.8 (16.5–50.6) 29.6 (1.9–53.0) 6.1 (1.0–14.9)
Georgia 0.34 (0.25–0.53) 16 (9–20) 22.3 (5.8–32.2) 6.9 (3.3–31.4) 37.4 (20.5–44.6) 25.5 (18.3–46.8) 8.0 (0.7–22.3)
Illinois 0.13 (0.14–0.31) 2 (1–7, 9) 8.7 (0.3–20.2) 12.3 (4.5–35.5) 69.8 (30.5–72.5) 5.6 (1.8–36.1) 3.6 (0.5–29.3)
Indiana 0.44 (0.22–0.72) 20 (8, 11–20) 23.3 (9.2–43.0) 49.2 (4.1–56.8) 6.3 (6.2–36.3) 15.1 (5.1–34.9) 6.1 (0.3–16.2)
Maryland 0.17 (0.13–0.35) 5 (1–11) 22.0 (1.1–38.3) 23.8 (6.6–47.1) 37.3 (17.3–59.3) 5.7 (2.6–34.7) 11.2 (1.1–23.1)
Massachusetts 0.13 (0.11–0.39) 1 (1–10, 13) 6.1 (0.3–21.0) 10.1 (5.2–46.1) 54.1 (16.6–60.8) 28.1 (3.7–43.2) 1.6 (0.5–47.5)
Michigan 0.29 (0.21–0.53) 13 (7–20) 7.7 (0.7–16.7) 34.0 (8.4–51.7) 33.2 (15.8–48.2) 21.6 (4.1–44.7) 3.6 (0.2–18.9)
Missouri 0.23 (0.21–0.55) 10 (6–20) 23.9 (1.3–31.5) 8.2 (4.6–43.1) 34.1 (16.3–47.6) 19.8 (6.5–38.0) 14.0 (6.7–20.5) 

New Jersey 0.16 (0.12–0.39) 4 (1–11, 14) 14.5 (0.6–25.9) 30.5 (9.6–59.0) 48.4 (17.8–62.6) 3.0 (1.4–47.6) 3.6 (0.4–25.6)
New York 0.33 (0.24–0.46) 15 (9–19) 12.0 (0.9–20.1) 10.1 (7.4–19.6) 30.8 (20.4–41.2) 40.4 (18.7–55.1) 6.8 (1.4–12.9)
North Carolina 0.26 (0.20–0.49) 11 (5–18) 0.2 (0.3–12.9) 5.0 (2.8–42.4) 51.9 (27.0–59.6) 26.8 (8.6–31.7) 16.1 (6.6–21.8)
Ohio 0.37 (0.24–0.65) 18 (12–20) 2.8 (0.1–9.6) 38.4 (4.4–55.9) 45.3 (29.7–62.6) 6.9 (2.0–25.5) 6.6 (0.4–13.3)
Pennsylvania 0.37 (0.23–0.57) 19 (7–11, 13–20) 6.5 (0.6–17.7) 38.7 (6.4–52.2) 41.1 (27.3–65.7) 4.9 (2.4–27.2) 8.9 (3.1–16.2)
Tennessee 0.35 (0.22–0.67) 17 (9, 11–20) 14.8 (2.2–22.9) 15.4 (3.6–44.7) 39.0 (17.2–47.8) 20.7 (8.9–41.3) 10.1 (0.4–21.0)
Texas 0.30 (0.26–0.36) 14 (8–15) 12.9 (5.2–18.5) 17.0 (11.0–22.9) 46.3 (40.5–52.9) 13.0 (8.6–18.7) 10.9 (6.9–14.7)
Virginia 0.19 (0.16–0.51) 6 (2–18) 22.6 (1.2–28.5) 6.1 (4.9–49.0) 43.0 (20.9–46.0) 10.8 (6.4–39.1) 17.4 (4.5–18.9)
Washington 0.15 (0.13–0.41) 3 (1–13) 5.9 (0.2–20.4) 24.6 (5.2–59.7) 55.8 (18.9–62.2) 0.9 (2.2–31.2) 12.8 (0.3–23.1)
Wisconsin 0.27 (0.16–0.61) 12 (3, 5–20) 6.0 (0.5–23.4) 23.0 (1.9–52.4) 26.9 (11.3–49.4) 40.5 (5.8–57.1) 3.7 (0.4–25.4) 

Range 0.13–0.44 1–20 0.2–23.9 5.0–49.2 6.3–69.8 0.9–40.5 1.6–17.4 
Not significantly ≠ 0.10 in: 1 0 states … … … … … … 
Significantly < 20% in: 2 … … 6 of 15 states 1 of 10 states 0 of 1 state 1 of 11 states 10 of 20 states
Significantly > 20% in: 3 … … 0 of 5 states 0 of 10 states 9 of 19 states 0 of 9 states 0 of 0 states 

… Category not applicable.
1Index not significantly different from 0.10 at the 0.05 level of significance.
2Percent contribution to index is below the reference value of 20% and significantly different from 20% at the 0.05 level of significance for the number of states indicated.

3Percent contribution to index is above the reference value of 20% and significantly different from 20% at the 0.05 level of significance for the number of states indicated.


NOTES: The composite Gastwirth (G) index and percent contributions are calculated as described in NCHS Vital and Health Statistics Series 2, No. 180, under "Aggregating summary and composite inequalities indices." 

However, due to rounding, calculations using the tabulated index values may result in different values than those based on the unrounded index values. Confidence intervals (CIs) are bootstrapped 95% CIs obtained from 

sets of 1,000 bootstrapped replicates of the sample adult weights. Each of the 1,000 sets of bootstrapped sampling weights results in a possibly different ranking of the 20 most populous states by the composite G index.

The 90% most likely ranks for each state are the most likely ranks that each state is assigned in 9 out of 10 bootstrapped samples.


SOURCE: NCHS, National Health Interview Survey, 2013–2015.



   

 

 

Table 2a. Summary Gastwirth indices of inequalities among adults aged 45–64 in meeting selected criteria for 
access to medical care, by specified demographic and socioeconomic attributes in the 20 most populous states: 
National Health Interview Survey, 2013–2015 

Summary G index (95% CI) 

Race and 
State Sex Hispanic origin Education Urbanicity Disability status 

Arizona 0.01 (0.00–0.15) 0.50 (0.10–0.71) 0.24 (0.10–0.42) 0.18 (0.07–0.43) 0.05 (0.00–0.14) 
California 0.05 (0.02–0.08) 0.13 (0.08–0.19) 0.14 (0.12–0.20) 0.01 (0.00–0.07) 0.07 (0.06–0.10) 
Florida 0.04 (0.00–0.08) 0.08 (0.03–0.29) 0.18 (0.11–0.24) 0.03 (0.01–0.11) 0.06 (0.02–0.09) 
Georgia 0.01 (0.00–0.07) 0.08 (0.05–0.34) 0.27 (0.16–0.37) 0.04 (0.01–0.22) 0.15 (0.09–0.23) 
Illinois 0.02 (0.00–0.08) 0.03 (0.01–0.20) 0.16 (0.09–0.25) 0.06 (0.04–0.08) 0.09 (0.05–0.12) 
Indiana 0.03 (0.00–0.10) 0.20 (0.01–0.38) 0.30 (0.17–0.45) 0.18 (0.06–0.43) 0.12 (0.05–0.19) 
Maryland 0.03 (0.00–0.12) 0.08 (0.04–0.19) 0.13 (0.06–0.22) 0.04 (0.00–0.38) 0.07 (0.03–0.15) 
Massachusetts 0.04 (0.00–0.14) 0.02 (0.01–0.26) 0.11 (0.06–0.24) 0.02 (0.01–0.15) 0.06 (0.01–0.10) 
Michigan 0.04 (0.00–0.08) 0.03 (0.02–0.17) 0.23 (0.10–0.34) 0.05 (0.01–0.12) 0.04 (0.01–0.11) 
Missouri 0.03 (0.00–0.11) 0.03 (0.02–0.21) 0.17 (0.08–0.24) 0.13 (0.04–0.57) 0.10 (0.04–0.16) 

New Jersey 0.03 (0.00–0.10) 0.14 (0.04–0.27) 0.09 (0.04–0.15) 0.04 (0.01–0.27) 0.04 (0.01–0.06) 
New York 0.02 (0.00–0.05) 0.04 (0.01–0.13) 0.07 (0.03–0.12) 0.03 (0.01–0.07) 0.06 (0.03–0.09) 
North Carolina 0.02 (0.00–0.09) 0.12 (0.03–0.43) 0.22 (0.17–0.35) 0.12 (0.04–0.27) 0.10 (0.07–0.18) 
Ohio 0.03 (0.00–0.10) 0.03 (0.01–0.33) 0.23 (0.12–0.30) 0.03 (0.01–0.12) 0.07 (0.02–0.12) 
Pennsylvania 0.03 (0.00–0.09) 0.07 (0.02–0.36) 0.17 (0.09–0.25) 0.00 (0.01–0.19) 0.05 (0.02–0.11) 
Tennessee 0.01 (0.00–0.13) 0.25 (0.03–0.56) 0.18 (0.07–0.28) 0.07 (0.02–0.12) 0.14 (0.06–0.21) 
Texas 0.01 (0.00–0.05) 0.13 (0.11–0.19) 0.21 (0.11–0.26) 0.02 (0.01–0.15) 0.08 (0.04–0.10) 
Virginia 0.02 (0.00–0.10) 0.10 (0.03–0.32) 0.22 (0.11–0.34) 0.06 (0.02–0.10) 0.12 (0.05–0.19) 
Washington 0.08 (0.01–0.17) 0.09 (0.02–0.44) 0.23 (0.11–0.35) 0.09 (0.02–0.22) 0.13 (0.06–0.22) 
Wisconsin 0.12 (0.07–0.21) 0.03 (0.02–0.17) 0.07 (0.02–0.17) 0.05 (0.01–0.32) 0.02 (0.00–0.06) 

NOTES: G is Gastwirth index. Confidence intervals (CIs) are bootstrapped 95% CIs obtained from sets of 1,000 bootstrapped replicates of the sample adult 
weights. 

SOURCE: NCHS, National Health Interview Survey, 2013–2015. 
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Table 2b. Composite Gastwirth indices of demographic and socioeconomic inequalities in access to medical care, percent contribution from component 
population attributes, and resulting state rankings among adults aged 45–64 in the 20 most populous states: National Health Interview Survey, 
2013–2015

Ranking by Percent contribution of inequalities, by population attribute (95% CI)
composite 

Composite G index Race and 
State G index (95% CI) (90% most likely ranks) Sex Hispanic origin Education Urbanicity Disability status 

Arizona 0.18 (0.12–0.28) 20 (18–20) 0.6 (0.2–14.1) 48.5 (16.2–55.4) 25.4 (11.2–41.4) 19.8 (8.3–36.4) 5.6 (0.6–15.4)
California 0.08 (0.07–0.10) 11 (4–12) 13.1 (5.5–18.6) 31.5 (20.6–38.3) 34.2 (28.5–43.1) 2.5 (0.9–14.6) 18.8 (13.9–23.3)
Florida 0.07 (0.05–0.12) 8 (2–12) 10.7 (0.8–18.7) 21.0 (9.0–48.2) 45.9 (25.3–58.0) 7.4 (2.4–22.7) 15.1 (5.9–22.7)
Georgia 0.11 (0.08–0.18) 15 (10–19) 2.8 (0.2–11.1) 15.3 (8.7–37.3) 46.0 (25.9–52.7) 8.4 (1.6–31.1) 27.4 (15.7–35.7)
Illinois 0.07 (0.06–0.12) 6 (2–12) 5.3 (0.4–19.4) 9.9 (4.2–35.1) 43.9 (26.1–52.3) 16.7 (8.1–22.6) 24.3 (13.2–30.2)
Indiana 0.16 (0.09–0.24) 19 (14–20) 4.1 (0.2–11.4) 23.9 (2.0–38.2) 35.0 (23.4–50.2) 22.3 (11.3–41.4) 14.7 (6.9–23.7)
Maryland 0.07 (0.05–0.15) 7 (2–15) 9.7 (0.6–24.4) 23.1 (9.7–42.1) 35.3 (14.1–45.3) 11.2 (1.2–48.2) 20.6 (7.1–34.0)
Massachusetts 0.05 (0.04–0.13) 2 (1–13) 18.0 (1.1–33.4) 7.7 (4.0–47.0) 42.9 (17.4–57.2) 8.4 (2.1–34.3) 23.0 (3.6–30.6)
Michigan 0.07 (0.05–0.12) 9 (2–13) 9.8 (0.3–20.0) 9.3 (4.7–35.0) 56.9 (34.1–67.1) 12.7 (3.6–28.4) 11.4 (2.5–23.2)
Missouri 0.09 (0.06–0.19) 13 (4–19) 6.9 (0.3–19.6) 6.6 (3.8–32.5) 36.7 (13.6–49.1) 27.3 (10.3–59.8) 22.6 (7.4–31.2) 

New Jersey 0.07 (0.04–0.13) 5 (1–14) 10.2 (0.5–24.0) 39.9 (13.1–52.6) 27.8 (10.3–40.6) 11.1 (1.7–49.1) 11.0 (3.0–18.4)
New York 0.05 (0.03–0.07) 1 (1–3) 10.1 (0.4–22.9) 18.5 (5.1–39.6) 30.5 (14.8–47.8) 13.2 (5.2–29.2) 27.6 (11.3–39.4)
North Carolina 0.11 (0.09–0.20) 16 (12–20) 3.8 (0.2–12.9) 20.6 (4.7–43.2) 37.0 (21.7–52.7) 21.0 (7.0–32.9) 17.5 (11.2–28.3)
Ohio 0.08 (0.06–0.14) 10 (2–14) 7.3 (0.7–23.6) 8.1 (4.3–45.8) 56.6 (28.6–62.5) 9.1 (1.7–25.2) 18.9 (5.4–27.2)
Pennsylvania 0.06 (0.06–0.14) 4 (2–15) 10.1 (0.5–21.0) 21.8 (6.0–50.1) 51.5 (20.1–56.5) 1.0 (2.5–39.7) 15.6 (3.8–25.5)
Tennessee 0.13 (0.08–0.19) 17 (11–20) 1.3 (0.5–19.4) 37.5 (7.1–55.6) 27.6 (9.7–45.5) 11.3 (2.9–18.6) 22.3 (10.3–34.2)
Texas 0.09 (0.07–0.12) 12 (5–14) 3.5 (0.3–10.0) 29.4 (24.2–39.4) 44.7 (26.8–49.0) 5.0 (2.5–28.5) 17.4 (9.3–22.2)
Virginia 0.10 (0.07–0.17) 14 (4, 7–19) 4.8 (0.5–18.2) 19.1 (6.4–41.8) 40.9 (25.0–50.5) 11.2 (4.3–16.9) 24.0 (10.3–34.1)
Washington 0.13 (0.08–0.22) 18 (11–20) 13.7 (2.0–24.4) 14.5 (3.3–42.0) 35.6 (19.0–47.4) 15.1 (4.2–29.4) 21.0 (9.6–29.3)
Wisconsin 0.06 (0.04–0.14) 3 (1–9, 11–15) 39.6 (18.9–50.5) 11.2 (3.9–26.2) 24.1 (7.6–37.3) 18.1 (4.8–50.7) 6.9 (0.6–16.6) 

Range 0.05–0.18 1–20 0.6–39.6 6.6–48.5 24.1–56.9 1.0–27.3 5.6–27.6 
Not significantly ≠ 0.10 in: 1 18 states … … … … … … 
Significantly < 20% in: 2 … … 11 of 19 states 0 of 10 states 0 of 0 states 3 of 17 states 3 of 11 states
Significantly > 20% in: 3 … … 0 of 1 state 2 of 10 states 11 of 20 states 0 of 3 states 0 of 9 states 

… Category not applicable.
1Index not significantly different from 0.10 at the 0.05 level of significance.
2Percent contribution to index is below the reference value of 20% and significantly different from 20% at the 0.05 level of significance for the number of states indicated. 
3Percent contribution to index is above the reference value of 20% and significantly different from 20% at the 0.05 level of significance for the number of states indicated. 

NOTES: The composite Gastwirth (G) index and percent contributions are calculated as described in NCHS Vital and Health Statistics Series 2, No. 180, under "Aggregating summary and composite inequalities indices."  
However, due to rounding, calculations using the tabulated index values may result in different values than those based on the unrounded index values. Confidence intervals (CIs) are bootstrapped 95% CIs obtained from  
sets of 1,000 bootstrapped replicates of the sample adult weights. Each of the 1,000 sets of bootstrapped sampling weights results in a possibly different ranking of the 20 most populous states by the composite G index. 
The 90% most likely ranks for each state are the most likely ranks that each state is assigned in 9 out of 10 bootstrapped samples. 

SOURCE: NCHS, National Health Interview Survey, 2013–2015.



   

 

 

Table 3a. Summary Gastwirth indices of inequalities among adults aged 45–64 in meeting selected criteria for 
general physical health status and mental health, by specified demographic and socioeconomic attributes in 
the 20 most populous states: National Health Interview Survey, 2013–2015 

Summary G index (95% CI) 

Race and 
State Sex Hispanic origin Education Urbanicity Disability status 

Arizona 0.04 (0.00–0.12) 0.18 (0.03–0.41) 0.18 (0.10–0.33) 0.08 (0.01–0.23) 0.14 (0.10–0.25) 
California 0.03 (0.01–0.06) 0.06 (0.04–0.09) 0.11 (0.09–0.15) 0.00 (0.00–0.06) 0.09 (0.07–0.12) 
Florida 0.03 (0.01–0.07) 0.05 (0.01–0.20) 0.15 (0.11–0.20) 0.03 (0.01–0.05) 0.12 (0.09–0.16) 
Georgia 0.00 (0.00–0.06) 0.22 (0.09–0.34) 0.21 (0.16–0.29) 0.08 (0.04–0.12) 0.23 (0.16–0.33) 
Illinois 0.04 (0.00–0.07) 0.01 (0.01–0.16) 0.16 (0.09–0.22) 0.02 (0.01–0.13) 0.12 (0.08–0.16) 
Indiana 0.10 (0.06–0.16) 0.06 (0.01–0.36) 0.21 (0.14–0.36) 0.12 (0.02–0.25) 0.10 (0.06–0.18) 
Maryland 0.03 (0.00–0.08) 0.01 (0.01–0.19) 0.12 (0.06–0.18) 0.09 (0.00–0.23) 0.07 (0.02–0.13) 
Massachusetts 0.08 (0.03–0.13) 0.04 (0.02–0.15) 0.11 (0.06–0.17) 0.07 (0.01–0.17) 0.07 (0.03–0.12) 
Michigan 0.02 (0.00–0.07) 0.04 (0.02–0.15) 0.21 (0.16–0.30) 0.06 (0.02–0.14) 0.17 (0.12–0.24) 
Missouri 0.05 (0.02–0.13) 0.04 (0.03–0.26) 0.21 (0.14–0.28) 0.28 (0.20–0.39) 0.11 (0.07–0.21) 

New Jersey 0.00 (0.00–0.04) 0.05 (0.04–0.13) 0.08 (0.06–0.15) 0.03 (0.00–0.11) 0.07 (0.04–0.12) 
New York 0.01 (0.00–0.04) 0.04 (0.03–0.09) 0.14 (0.09–0.20) 0.07 (0.00–0.16) 0.14 (0.10–0.20) 
North Carolina 0.05 (0.00–0.09) 0.03 (0.02–0.22) 0.22 (0.18–0.29) 0.11 (0.07–0.19) 0.16 (0.12–0.25) 
Ohio 0.03 (0.00–0.07) 0.03 (0.02–0.27) 0.19 (0.15–0.28) 0.06 (0.02–0.14) 0.17 (0.15–0.24) 
Pennsylvania 0.03 (0.00–0.07) 0.03 (0.02–0.25) 0.16 (0.12–0.22) 0.07 (0.02–0.14) 0.15 (0.10–0.21) 
Tennessee 0.02 (0.00–0.08) 0.41 (0.32–0.55) 0.24 (0.14–0.34) 0.09 (0.03–0.18) 0.21 (0.13–0.25) 
Texas 0.03 (0.00–0.05) 0.09 (0.05–0.10) 0.18 (0.15–0.21) 0.03 (0.02–0.06) 0.14 (0.11–0.17) 
Virginia 0.00 (0.00–0.07) 0.08 (0.02–0.30) 0.18 (0.12–0.29) 0.05 (0.01–0.13) 0.14 (0.09–0.21) 
Washington 0.02 (0.00–0.06) 0.01 (0.01–0.18) 0.15 (0.09–0.20) 0.03 (0.01–0.12) 0.16 (0.07–0.22) 
Wisconsin 0.02 (0.00–0.07) 0.11 (0.01–0.30) 0.07 (0.02–0.16) 0.08 (0.02–0.23) 0.06 (0.04–0.09) 

NOTES: G is Gastwirth index. Confidence intervals (CIs) are bootstrapped 95% CIs obtained from sets of 1,000 bootstrapped replicates of the sample adult 
weights. 

SOURCE: NCHS, National Health Interview Survey, 2013–2015. 
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Table 3b. Composite Gastwirth indices of demographic and socioeconomic inequalities in general physical health status and mental health, percent 
contribution from component population attributes, and resulting state rankings among adults aged 45–64 in the 20 most populous states: National 
Health Interview Survey, 2013–2015

Ranking by Percent contribution of inequalities, by population attribute (95% CI)
composite 

Composite G index Race and 
State G index (95% CI) (90% most likely ranks) Sex Hispanic origin Education Urbanicity Disability status 

Arizona 0.12 (0.09–0.21) 17 (12–20) 6.2 (0.4–16.2) 29.1 (6.2–42.7) 29.3 (15.5–41.9) 13.3 (2.5–28.0) 22.2 (14.4–37.9)
California 0.06 (0.05–0.08) 2 (1–5) 10.5 (4.0–16.6) 19.1 (13.0–25.6) 37.9 (28.3–41.7) 0.8 (0.9–17.3) 31.8 (21.9–35.2)
Florida 0.08 (0.06–0.11) 8 (1–11) 8.3 (1.4–17.8) 12.5 (2.6–36.3) 39.4 (27.1–49.5) 9.2 (1.8–12.3) 30.6 (21.7–41.1)
Georgia 0.14 (0.11–0.19) 19 (15–20) 0.4 (0.1–8.7) 29.3 (14.7–37.7) 28.2 (22.4–34.6) 11.7 (5.6–16.9) 30.5 (21.5–37.8)
Illinois 0.07 (0.06–0.11) 4 (2–11) 11.8 (0.8–19.7) 3.1 (2.7–31.0) 45.2 (21.8–49.4) 5.2 (2.7–28.8) 34.6 (20.3–37.2)
Indiana 0.12 (0.08–0.21) 16 (9–20) 17.2 (8.4–26.7) 11.1 (1.8–38.0) 34.4 (23.7–47.6) 19.7 (3.8–27.4) 17.5 (8.6–25.8)
Maryland 0.06 (0.04–0.12) 3 (1–12) 10.6 (0.2–23.6) 3.7 (4.2–42.7) 36.2 (17.9–41.5) 26.7 (1.4–45.1) 22.7 (8.0–38.0)
Massachusetts 0.07 (0.05–0.12) 7 (1–11) 22.1 (8.5–31.3) 11.5 (7.1–31.2) 29.5 (16.9–42.0) 18.3 (2.1–35.0) 18.6 (10.6–27.9)
Michigan 0.10 (0.08–0.14) 14 (8–16) 5.2 (0.2–12.0) 8.0 (4.2–23.3) 40.9 (30.1–50.2) 12.1 (3.4–23.9) 33.9 (22.2–42.7)
Missouri 0.13 (0.11–0.21) 18 (15–20) 8.4 (2.8–15.5) 5.5 (4.0–29.0) 30.4 (19.9–31.2) 39.2 (27.8–41.0) 16.4 (11.5–23.3) 

New Jersey 0.05 (0.04–0.09) 1 (1–6) 0.3 (0.2–13.5) 22.3 (13.7–36.2) 34.6 (20.5–45.1) 13.1 (1.3–29.1) 29.7 (14.6–37.2)
New York 0.08 (0.06–0.11) 9 (3–13) 1.6 (0.2–10.0) 11.5 (7.3–19.6) 34.8 (22.7–43.4) 17.5 (1.5–32.8) 34.6 (24.1–43.5)
North Carolina 0.11 (0.09–0.17) 15 (11–18) 8.5 (0.3–13.3) 6.2 (3.9–27.4) 37.3 (26.3–43.2) 20.1 (12.3–26.9) 28.0 (19.0–36.2)
Ohio 0.09 (0.08–0.16) 13 (8–17) 6.1 (0.3–12.1) 6.5 (4.5–34.3) 38.6 (25.7–44.4) 13.5 (3.6–22.9) 35.2 (23.6–42.3)
Pennsylvania 0.09 (0.07–0.14) 10 (6–16) 7.8 (0.4–14.4) 7.5 (4.4–36.4) 34.9 (22.6–44.5) 16.9 (5.1–26.7) 33.0 (19.3–39.5)
Tennessee 0.19 (0.14–0.24) 20 (18–20) 2.3 (0.3–8.0) 40.4 (37.1–46.9) 25.3 (17.9–30.2) 9.8 (4.5–18.2) 22.1 (13.9–26.6)
Texas 0.09 (0.08–0.10) 12 (6–12) 6.0 (0.5–11.3) 18.6 (12.5–23.1) 37.4 (33.3–43.5) 7.4 (5.3–12.1) 30.6 (24.4–35.4)
Virginia 0.09 (0.06–0.17) 11 (5, 7–19) 0.8 (0.2–11.4) 17.6 (5.2–37.6) 39.8 (25.1–46.0) 11.5 (2.7–20.9) 30.3 (17.4–37.8)
Washington 0.07 (0.05–0.12) 6 (1–12) 6.5 (0.3–14.8) 3.2 (3.4–35.2) 39.2 (22.3–49.4) 9.4 (2.4–26.1) 41.8 (19.9–44.5)
Wisconsin 0.07 (0.04–0.14) 5 (1–14) 6.2 (0.3–20.1) 32.5 (3.1–53.4) 19.8 (5.7–36.4) 23.0 (9.4–44.7) 18.4 (7.6–35.2) 

Range 0.05–0.19 1–20 0.3–22.1 3.1–40.4 19.8–45.2 0.8–39.2 16.4–41.8 
Not significantly ≠ 0.10 in: 1 15 states … … … … … … 
Significantly < 20% in: 2 … … 16 of 19 states 1 of 15 states 0 of 1 state 5 of 16 states 0 of 4 states 
Significantly > 20% in: 3 … … 0 of 1 state 1 of 5 states 14 of 19 states 1 of 4 states 8 of 16 states 

… Category not applicable.
1Index not significantly different from 0.10 at the 0.05 level of significance.
2Percent contribution to index is below the reference value of 20% and significantly different from 20% at the 0.05 level of significance for the number of states indicated. 
3Percent contribution to index is above the reference value of 20% and significantly different from 20% at the 0.05 level of significance for the number of states indicated. 

NOTES: The composite Gastwirth (G) index and percent contributions are calculated as described in NCHS Vital and Health Statistics Series 2, No. 180, under "Aggregating summary and composite inequalities indices."  
However, due to rounding, calculations using the tabulated index values may result in different values than those based on the unrounded index values. Confidence intervals (CIs) are bootstrapped 95% CIs obtained from  
sets of 1,000 bootstrapped replicates of the sample adult weights. Each of the 1,000 sets of bootstrapped sampling weights results in a possibly different ranking of the 20 most populous states by the composite G index. 
The 90% most likely ranks for each state are the most likely ranks that each state is assigned in 9 out of 10 bootstrapped samples. 

SOURCE: NCHS, National Health Interview Survey, 2013–2015.



   

 

 

Table 4a. Summary Gastwirth indices of inequalities among adults aged 45–64 in meeting selected criteria for 
absence of multiple chronic conditions, by specified demographic and socioeconomic attributes in the 20 most 
populous states: National Health Interview Survey, 2013–2015 

Summary G index (95% CI) 

Race and 
State Sex Hispanic origin Education Urbanicity Disability status 

Arizona 0.03 (0.00–0.15) 0.03 (0.02–0.31) 0.15 (0.08–0.29) 0.06 (0.03–0.14) 0.11 (0.07–0.22) 
California 0.02 (0.00–0.05) 0.06 (0.03–0.12) 0.07 (0.04–0.10) 0.02 (0.01–0.04) 0.08 (0.06–0.10) 
Florida 0.00 (0.00–0.04) 0.09 (0.04–0.24) 0.15 (0.11–0.20) 0.04 (0.02–0.07) 0.10 (0.07–0.14) 
Georgia 0.07 (0.00–0.14) 0.27 (0.08–0.45) 0.21 (0.13–0.28) 0.12 (0.06–0.19) 0.19 (0.13–0.25) 
Illinois 0.02 (0.00–0.07) 0.19 (0.06–0.30) 0.14 (0.08–0.23) 0.02 (0.01–0.13) 0.14 (0.09–0.18) 
Indiana 0.06 (0.01–0.13) 0.02 (0.02–0.57) 0.20 (0.08–0.33) 0.04 (0.01–0.28) 0.08 (0.02–0.17) 
Maryland 0.12 (0.03–0.18) 0.18 (0.03–0.33) 0.14 (0.06–0.24) 0.06 (0.01–0.35) 0.08 (0.02–0.14) 
Massachusetts 0.02 (0.00–0.10) 0.09 (0.02–0.34) 0.13 (0.07–0.20) 0.12 (0.02–0.25) 0.09 (0.05–0.14) 
Michigan 0.02 (0.00–0.07) 0.02 (0.01–0.19) 0.17 (0.07–0.28) 0.04 (0.01–0.14) 0.12 (0.07–0.18) 
Missouri 0.00 (0.00–0.12) 0.09 (0.03–0.51) 0.19 (0.10–0.30) 0.06 (0.05–0.55) 0.07 (0.03–0.15) 

New Jersey 0.06 (0.01–0.10) 0.20 (0.09–0.26) 0.06 (0.04–0.14) 0.00 (0.00–0.27) 0.07 (0.04–0.11) 
New York 0.03 (0.00–0.06) 0.01 (0.01–0.12) 0.12 (0.09–0.19) 0.03 (0.01–0.05) 0.09 (0.05–0.13) 
North Carolina 0.02 (0.00–0.08) 0.10 (0.03–0.32) 0.20 (0.10–0.32) 0.10 (0.05–0.20) 0.12 (0.07–0.19) 
Ohio 0.04 (0.00–0.12) 0.11 (0.02–0.44) 0.14 (0.06–0.22) 0.13 (0.05–0.21) 0.15 (0.11–0.22) 
Pennsylvania 0.04 (0.00–0.09) 0.25 (0.02–0.46) 0.11 (0.04–0.16) 0.03 (0.02–0.12) 0.13 (0.07–0.19) 
Tennessee 0.04 (0.00–0.15) 0.38 (0.05–0.77) 0.17 (0.09–0.27) 0.05 (0.01–0.14) 0.17 (0.07–0.21) 
Texas 0.02 (0.00–0.05) 0.04 (0.02–0.16) 0.09 (0.05–0.14) 0.04 (0.01–0.07) 0.11 (0.08–0.14) 
Virginia 0.00 (0.00–0.07) 0.21 (0.09–0.39) 0.10 (0.06–0.21) 0.04 (0.01–0.09) 0.11 (0.07–0.18) 
Washington 0.06 (0.01–0.13) 0.10 (0.05–0.41) 0.16 (0.08–0.25) 0.05 (0.01–0.15) 0.17 (0.07–0.29) 
Wisconsin 0.03 (0.00–0.10) 0.26 (0.10–0.43) 0.06 (0.03–0.18) 0.03 (0.01–0.26) 0.06 (0.03–0.10) 

NOTES: G is Gastwirth index. Confidence intervals (CIs) are bootstrapped 95% CIs obtained from sets of 1,000 bootstrapped replicates of the sample 
adult weights. 

SOURCE: NCHS, National Health Interview Survey, 2013–2015. 

NATIONAL CENTER FOR HEALTH STATISTICS 26 Series 2, Number 180 



 
 

 

 
 

  

 

 
  

Series 2, Number 180 
27

NATIONAL CENTER FOR HEALTH STATISTICS 

Table 4b. Composite Gastwirth indices of demographic and socioeconomic inequalities in absence of multiple chronic conditions, percent contribution 
from component population attributes, and resulting state rankings among adults aged 45–64 in the 20 most populous states: National Health Interview 
Survey, 2013–2015

Ranking Percent contribution of inequalities, by population attribute (95% CI)
by composite

Composite G index Race and 
State G index (95% CI) (90% most likely ranks) Sex Hispanic origin Education Urbanicity Disability status 

Arizona 0.08 (0.07–0.16) 6 (5–17) 8.4 (0.9–24.3) 8.6 (4.0–41.2) 38.9 (16.0–46.8) 16.1 (5.5–26.9) 28.1 (13.5–36.9)
California 0.05 (0.04–0.07) 1 (1–3) 6.6 (1.0–17.5) 23.9 (14.0–38.4) 30.4 (16.7–35.4) 7.0 (3.2–15.0) 32.2 (21.2–38.5)
Florida 0.08 (0.06–0.11) 5 (3–10) 0.3 (0.1–10.7) 23.5 (11.1–42.9) 39.0 (24.6–47.0) 11.0 (4.7–16.0) 26.2 (18.5–32.2)
Georgia 0.17 (0.11–0.22) 20 (15–20) 8.1 (0.3–15.8) 30.5 (12.3–43.6) 24.6 (17.6–35.6) 14.7 (8.3–23.2) 22.1 (16.4–30.4)
Illinois 0.10 (0.08–0.14) 13 (6–16) 4.8 (0.3–14.2) 36.9 (14.6–47.0) 27.2 (16.4–40.0) 4.4 (1.4–22.3) 26.8 (18.5–34.0)
Indiana 0.08 (0.05–0.23) 8 (2–5, 7, 9–20) 15.9 (1.2–23.9) 4.8 (3.3–55.2) 47.7 (16.4–54.0) 11.1 (2.5–31.8) 20.6 (5.4–26.3)
Maryland 0.12 (0.07–0.19) 18 (6, 8–20) 20.7 (7.0–32.1) 30.2 (6.1–45.0) 23.3 (11.9–40.7) 11.5 (1.3–42.2) 14.3 (4.9–23.0)
Massachusetts 0.09 (0.05–0.15) 11 (2–16) 4.1 (0.3–21.1) 20.6 (4.9–46.7) 28.8 (14.4–43.6) 26.1 (4.5–39.9) 20.5 (10.2–32.4)
Michigan 0.07 (0.06–0.12) 4 (2–11) 6.0 (0.3–17.4) 5.3 (3.2–35.0) 45.4 (18.4–56.5) 12.1 (2.2–30.5) 31.3 (17.1–45.5)
Missouri 0.08 (0.08–0.25) 9 (9–20) 0.3 (0.3–15.2) 21.8 (7.7–54.3) 44.3 (12.5–46.3) 15.7 (8.3–49.5) 17.9 (5.1–20.5) 

New Jersey 0.08 (0.06–0.14) 7 (3–15) 15.7 (3.5–21.4) 50.0 (23.7–52.9) 15.3 (8.9–30.4) 0.3 (0.8–40.1) 18.6 (9.0–25.5)
New York 0.05 (0.05–0.09) 2 (1–5) 10.5 (0.4–17.5) 4.5 (3.5–30.0) 42.6 (29.8–51.4) 11.3 (4.5–17.8) 31.1 (17.3–38.3)
North Carolina 0.11 (0.07–0.18) 15 (6–19) 3.7 (0.3–12.9) 19.4 (6.8–38.5) 36.5 (23.1–43.6) 18.5 (10.3–31.4) 22.0 (13.2–32.3)
Ohio 0.11 (0.08–0.19) 17 (7–19) 6.8 (0.7–19.5) 19.2 (4.3–46.6) 24.6 (10.0–35.0) 23.2 (7.9–34.2) 26.2 (16.0–38.9)
Pennsylvania 0.11 (0.07–0.15) 16 (5–17) 6.7 (0.6–17.5) 43.3 (5.9–57.3) 20.1 (8.2–34.3) 6.2 (3.4–21.6) 23.6 (13.4–41.1)
Tennessee 0.16 (0.09–0.24) 19 (12–20) 4.9 (0.4–18.0) 44.8 (13.5–61.5) 21.8 (12.0–35.3) 7.0 (2.4–15.5) 21.5 (8.6–32.4)
Texas 0.06 (0.05–0.09) 3 (1–5) 7.1 (0.2–13.7) 13.3 (8.5–38.6) 29.6 (15.6–37.8) 13.5 (3.4–22.2) 36.5 (21.6–45.3)
Virginia 0.09 (0.06–0.15) 12 (4–17) 0.0 (0.2–14.2) 43.1 (23.5–55.8) 22.7 (14.2–34.0) 9.7 (1.6–14.5) 24.5 (14.1–31.6)
Washington 0.11 (0.08–0.20) 14 (7, 9–20) 11.1 (1.6–19.3) 19.1 (11.9–48.9) 29.9 (15.4–35.5) 8.7 (2.4–21.0) 31.2 (13.5–35.6)
Wisconsin 0.09 (0.07–0.16) 10 (5–18) 7.5 (0.5–16.8) 56.8 (24.1–64.9) 13.2 (6.1–32.1) 7.9 (1.9–35.5) 14.7 (5.6–20.8) 

Range 0.05–0.17 1–20 0.0–20.7 4.5–56.8 13.2–47.7 0.3–26.1 14.3–36.5 
Not significantly ≠ 0.10 in: 1 16 states … … … … … … 
Significantly < 20% in: 2 … … 15 of 19 states 0 of 8 states 0 of 2 states 5 of 18 states 0 of 4 states 
Significantly > 20% in: 3 … … 0 of 1 state 3 of 12 states 3 of 18 states 0 of 2 states 2 of 16 states 

… Category not applicable.
1Index not significantly different from 0.10 at the 0.05 level of significance.
2Percent contribution to index is below the reference value of 20% and significantly different from 20% at the 0.05 level of significance for the number of states indicated. 
3Percent contribution to index is above the reference value of 20% and significantly different from 20% at the 0.05 level of significance for the number of states indicated. 

NOTES: The composite Gastwirth (G) index and percent contributions are calculated as described in NCHS Vital and Health Statistics Series 2, No. 180, under "Aggregating summary and composite inequalities indices."  
However, due to rounding, calculations using the tabulated index values may result in different values than those based on the unrounded index values. Confidence intervals (CIs) are bootstrapped 95% CIs obtained from  
sets of 1,000 bootstrapped replicates of the sample adult weights. Additionally, each one of the 1,000 sets of bootstrapped sampling weights results in a possibly different ranking of the 20 most populous states by the  
composite G index. The 90% most likely ranks for each state are the most likely ranks that each state is assigned in 9 out of 10 bootstrapped samples. 

SOURCE: NCHS, National Health Interview Survey, 2013–2015.
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Table 5. Overall Gastwirth index of demographic and socioeconomic inequalities in selected core measures of health, percent contribution from 
component health measures and population attributes, and resulting state rankings among adults aged 45–64 in the 20 most populous states: National 
Health Interview Survey, 2013–2015

Percent contribution of inequalities, in selected health measure (95% CI)
Ranking by

overall General physical Absence of 
Overall G index Access to health status and multiple chronic

State G index (95% CI) (90% most likely ranks) Healthy behaviors medical care mental health conditions 

Arizona 0.14 (0.13–0.26) 14 (11–20) 33.7 (27.5–50.5) 31.2 (17.9–35.3) 21.5 (14.1–25.6) 13.6 (10.1–21.5)
California 0.09 (0.09–0.12) 3 (1–5) 49.3 (43.5–58.4) 21.5 (16.3–24.7) 16.1 (12.6–19.9) 13.0 (9.8–16.5)
Florida 0.11 (0.09–0.15) 6 (1–9) 48.2 (35.8–57.8) 17.0 (11.6–25.5) 17.4 (12.6–22.9) 17.4 (13.7–23.0)
Georgia 0.19 (0.16–0.25) 18 (14–20) 42.4 (34.1–52.1) 15.0 (11.3–21.9) 19.6 (15.4–24.6) 22.9 (16.2–25.7)
Illinois 0.09 (0.09–0.15) 4 (1–8) 35.3 (33.0–51.4) 19.5 (12.5–23.8) 18.2 (13.4–22.9) 27.0 (17.5–29.0)
Indiana 0.19 (0.14–0.28) 19 (13–20) 52.1 (32.1–63.8) 21.3 (12.3–29.5) 15.9 (10.8–23.1) 10.7 (7.4–24.6)
Maryland 0.11 (0.10–0.17) 5 (2–12) 39.9 (28.8–57.6) 17.5 (11.4–26.4) 15.3 (9.2–23.0) 27.2 (15.1–33.0)
Massachusetts 0.08 (0.08–0.16) 1 (1–10) 37.5 (29.2–60.3) 14.9 (9.7–26.7) 21.5 (11.2–24.5) 26.1 (13.3–30.6)
Michigan 0.13 (0.11–0.19) 11 (5–16) 52.0 (41.6–63.2) 14.7 (8.6–19.8) 18.8 (13.6–23.8) 14.4 (9.5–20.9)
Missouri 0.13 (0.13–0.25) 13 (11–20) 41.8 (29.7–56.4) 17.4 (8.6–23.4) 25.1 (16.0–27.9) 15.7 (14.1–27.4) 

New Jersey 0.09 (0.08–0.16) 2 (1–8, 10) 44.5 (32.1–60.5) 19.5 (10.0–29.2) 13.7 (9.4–19.7) 22.3 (13.6–29.7)
New York 0.12 (0.11–0.16) 10 (4–12) 62.2 (50.6–68.7) 9.9 (5.6–14.5) 16.2 (12.8–21.4) 11.7 (9.1–17.9)
North Carolina 0.15 (0.13–0.23) 15 (9–19) 41.9 (33.6–51.8) 19.7 (14.3–27.5) 19.8 (14.6–24.7) 18.6 (12.9–24.0)
Ohio 0.16 (0.14–0.23) 17 (12–20) 54.1 (40.1–64.4) 12.5 (8.1–18.9) 15.4 (11.3–22.4) 18.0 (11.7–24.9)
Pennsylvania 0.15 (0.12–0.22) 16 (6–18) 56.1 (41.0–61.5) 10.7 (9.3–21.1) 14.8 (11.5–21.9) 18.5 (11.9–23.8)
Tennessee 0.20 (0.17–0.28) 20 (16–20) 40.8 (29.1–56.2) 16.1 (10.6–20.8) 23.3 (16.0–28.0) 19.8 (11.3–27.8)
Texas 0.13 (0.12–0.15) 12 (5–11) 53.2 (47.6–57.4) 17.4 (14.1–21.5) 18.1 (14.8–19.7) 11.4 (9.3–16.6)
Virginia 0.12 (0.10–0.23) 8 (3, 5–19) 39.0 (32.0–55.2) 22.0 (13.6–24.6) 19.2 (13.6–24.8) 19.9 (12.9–24.0)
Washington 0.11 (0.10–0.20) 7 (3–16) 32.5 (23.8–53.7) 27.6 (15.9–31.9) 16.2 (10.5–19.7) 23.6 (14.8–31.5)
Wisconsin 0.12 (0.10–0.22) 9 (3–18) 53.5 (35.9–65.0) 12.9 (7.7–23.7) 14.8 (8.4–21.8) 18.7 (11.3–28.6) 

Range 0.08–0.20 1–20 32.5–62.2 9.9–31.2 13.7–25.1 10.7–27.2 
Not significantly ≠ 0.10 in: 1 9 states … … … … … 
Significantly < 25% in: 2 … … 0 of 0 states 12 of 18 states 17 of 19 states 11 of 17 states
Significantly > 25% in: 3 … … 19 of 20 states 0 of 2 states 0 of 1 state 0 of 3 states 

See footnotes at end of table. 
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Table 5. Overall Gastwirth index of demographic and socioeconomic inequalities in selected core measures of health, percent contribution from 
component health measures and population attributes, and resulting state rankings among adults aged 45–64 in the 20 most populous states: National 
Health Interview Survey, 2013–2015—Con.

Percent contribution of inequalities, in selected health measure (95% CI)

Race and 
State Sex Hispanic origin Education Urbanicity Disability status 

Arizona 5.0 (2.9–15.8) 28.4 (16.4–39.1) 33.3 (19.3–38.9) 18.1 (11.5–31.6) 15.2 (10.2–21.4)
California 7.6 (4.5–13.2) 27.6 (21.3–35.3) 38.5 (29.7–40.5) 6.6 (4.0–17.2) 19.7 (14.6–21.9)
Florida 5.9 (3.0–12.2) 20.6 (15.0–37.9) 39.5 (27.6–44.2) 15.5 (5.8–25.5) 18.4 (13.5–23.0)
Georgia 9.8 (3.7–15.2) 22.0 (14.6–32.2) 31.8 (25.2–36.4) 15.9 (11.7–26.0) 20.5 (16.0–26.6)
Illinois 6.2 (2.4–13.0) 23.9 (13.4–33.1) 39.9 (27.9–45.1) 7.1 (5.7–22.2) 22.8 (15.8–27.7)
Indiana 15.3 (8.6–18.5) 26.3 (10.4–43.4) 28.3 (20.7–39.4) 16.5 (11.0–27.6) 13.6 (7.4–18.1)
Maryland 18.2 (7.1–25.3) 25.4 (13.1–36.7) 29.4 (18.8–38.3) 11.5 (5.4–33.1) 15.5 (8.0–20.7)
Massachusetts 8.9 (4.0–18.2) 15.3 (8.0–38.4) 36.3 (20.3–41.5) 22.7 (9.9–31.0) 16.8 (9.6–29.5)
Michigan 7.2 (2.7–12.4) 16.3 (10.6–28.9) 42.9 (27.3–48.7) 15.5 (8.3–27.3) 18.2 (12.0–25.8)
Missouri 9.2 (3.2–16.0) 12.3 (8.2–36.0) 37.8 (18.6–38.7) 23.0 (16.7–44.0) 17.7 (8.1–19.7) 

New Jersey 13.1 (6.1–16.2) 40.9 (22.9–44.5) 27.6 (18.0–33.3) 4.3 (4.9–31.5) 14.1 (7.7–19.4)
New York 10.0 (3.3–13.7) 9.9 (9.0–21.5) 34.6 (26.9–40.3) 25.5 (14.8–34.4) 20.0 (12.9–24.7)
North Carolina 3.4 (1.9–10.0) 14.6 (8.5–32.3) 40.5 (29.2–45.5) 21.3 (13.7–26.8) 20.2 (14.8–24.7)
Ohio 5.4 (2.5–11.8) 22.8 (10.8–40.8) 38.2 (25.0–42.6) 14.4 (6.9–23.2) 19.1 (12.9–24.1)
Pennsylvania 7.2 (3.7–12.5) 35.3 (10.2–46.7) 33.4 (22.5–42.3) 6.0 (7.4–20.2) 18.1 (10.9–26.0)
Tennessee 6.2 (3.6–13.6) 35.7 (25.8–47.9) 27.6 (18.6–31.7) 11.5 (7.5–19.5) 19.0 (10.6–20.8)
Texas 8.2 (4.1–11.7) 19.1 (16.6–28.5) 40.2 (33.0–43.1) 10.6 (8.1–16.4) 22.0 (16.3–24.9)
Virginia 6.2 (3.5–13.8) 26.3 (18.1–43.6) 33.5 (23.1–37.5) 10.5 (5.9–16.9) 23.4 (13.1–25.5)
Washington 10.6 (4.6–15.1) 17.4 (15.3–40.7) 36.4 (22.0–39.2) 9.3 (6.4–20.4) 26.3 (12.5–28.1)
Wisconsin 12.1 (7.5–17.5) 35.8 (18.3–44.2) 20.2 (12.9–30.2) 21.9 (13.4–37.4) 10.1 (6.0–14.8) 

Range 3.4–18.2 9.9–40.9 20.2–42.9 4.3–25.5 10.1–26.3 
Not significantly ≠ 0.10 in: 1 … … … … … 
Significantly < 20% in: 2 19 of 20 states 0 of 8 states 0 of 0 states 4 of 15 states 4 of 14 states
Significantly > 20% in: 3 0 of 0 states 3 of 12 states 14 of 20 states 0 of 5 states 0 of 6 states 

… Category not applicable.
1Index not significantly different from 0.10 at the 0.05 level of significance. 
2Percent contribution to index is below the reference value of 25% or 20% and significantly different from the reference value at the 0.05 level of significance for the number of states indicated. 
3Percent contribution to index is above the reference value of 25% or 20% and significantly different from the reference value at the 0.05 level of significance for the number of states indicated. 

NOTES: The overall Gastwirth (G) index and percent contributions are calculated as described in NCHS Vital and Health Statistics Series 2, No. 180, under "Aggregating summary and composite inequalities indices."  
However, due to rounding, calculations using the tabulated index values may result in different values than those based on the unrounded index values. Confidence intervals (CIs) are bootstrapped 95% CIs obtained 
from  sets of 1,000 bootstrapped replicates of the sample adult weights. Additionally, each one of the 1,000 sets of bootstrapped sampling weights results in a possibly different ranking of the 20 most populous states by 
the  composite G index. The 90% most likely ranks for each state are the most likely ranks that each state is assigned in 9 out of 10 bootstrapped samples. 

SOURCE: NCHS, National Health Interview Survey, 2013–2015.
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Table 6. Rankings from the overall Gastwirth and Atkinson unadjusted and adjusted indices in the 20 most populous states: National Health Interview 
Survey, 2013–2015

Ranking (90% most likely ranks)

Overall Aα Adjusted overall Overall Aα Adjusted overall Adjusted overall
State Overall G index index, α = 0.5 Aα index, α = 0.5 index, α = 1 Aα index, α = 1 Overall Aα index, α = 2 Aα index, α = 2 

Massachusetts 1 (1–10) 10 (1–14) 4 (1–10) 16 (1–10, 16.5–18.5) 8 (1–7, 16.5–18.5) 20 (2–12, 16.5–18.5) 19 (1–9, 16.5–18.5)
New Jersey 2 (1–8, 10) 1 (1–10) 2 (1–9) 2 (1–7, 10, 16.5–18.5) 2 (1–5, 16.5–18.5) 2 (1–8, 10, 16.5–18.5) 1 (1–7, 16.5–18.5)
California 3 (1–5) 6 (1–5) 8 (7–14) 6 (1–5) 6 (2–8) 3 (1–4) 6 (1–6) 
Illinois 4 (1–8) 8 (1–11) 10 (8–17) 8 (2–11) 9 (4–12) 8 (2–11) 9 (3–11) 
Maryland 5 (2–12) 5 (1–14) 3 (1–13) 4 (1–12, 16.5–18) 3 (1–9, 16.5–18) 4 (1–14, 16.5–18) 3 (1–12, 16.5–18)
Florida 6 (1–9) 4 (1–7) 5 (4–10) 5 (1–6) 4 (1–5) 5 (1–7) 5 (1–6) 
Washington 7 (3–16) 9 (4–16) 7 (1–4, 7–14) 11 (5–12, 16.5–19) 12 (4–11, 16.5–19) 19 (8–14, 16–18.5) 20 (9–18.5) 
Virginia 8 (3, 5–19) 12 (6–11, 13–20) 11 (3–16) 12 (5–14, 16.5–19) 10 (3–12, 16.5–19) 13 (6–14, 16–19) 10 (3, 5–13, 16–19)
Wisconsin 9 (3–18) 3 (1–9, 11–17) 1 (1–7) 3 (1–5, 16.5–19) 1 (1–3, 16.5–18.5) 6 (1–5, 16.5–19) 2 (1–3, 16.5–19)
New York 10 (4–12) 7 (2–12) 9 (10–19) 7 (2–11) 7 (4–13) 7 (1–10) 7 (3–12) 

Michigan 11 (5–16) 2 (1–9) 6 (6–15) 1 (1–8) 5 (1–8) 1 (1–7) 4 (1–7) 
Texas 12 (5–11) 18 (10–17) 19 (16–20) 18 (8–14) 19 (9–15) 15 (7–14) 16 (8–15) 
Missouri 13 (11–20) 19 (15–20) 12 (2–14) 19 (13, 15–19) 13 (8, 10–11, 13, 16–19) 17 (14, 16–19) 14 (13–19) 
Arizona 14 (11–20) 13 (10–20) 13 (3–5, 11–20) 15 (8–18) 17 (7–18) 14 (8–18) 17 (8–18) 
North Carolina 15 (9–19) 17 (8, 10–19) 17 (13–20) 17 (8–16) 18 (7–16) 16 (8–16) 15 (7–16) 
Pennsylvania 16 (6–18) 14 (7–16) 18 (13–20) 10 (5–13) 16 (6–14) 10 (4–13) 13 (6–14) 
Ohio 17 (12–20) 11 (7–18) 14 (2–6, 11–19) 9 (5–15, 16.5–18) 11 (5–14, 16.5–18) 9 (4–14, 16.5–18) 8 (4–14, 16.5–18)
Georgia 18 (14–20) 20 (14–20) 20 (4–9, 15–20) 20 (11–18) 20 (10–18) 18 (10–18) 18 (10–18) 
Indiana 19 (13–20) 15 (6–20) 15 (1–16, 20) 14 (5–14, 16–19) 15 (5–14, 16–19) 12 (5–6, 8–19) 12 (2, 6–14, 16–19)
Tennessee 20 (16–20) 16 (8–20) 16 (1–8, 15–20) 13 (7–13, 16–19) 14 (8, 10–18.5) 11 (4–10, 16.5–19) 11 (7–14, 16.5–19) 

NOTES: G is Gastwirth index. The summary Atkinson indices are given by Aα = 1 – (p tot (α)/p tot), where p tot is the population-weighted arithmetic average of the subgroup percentages, and p tot (α)  is a generalized population-
weighted geometric average that, as α increases, gives more weight to those subgroups having less favorable percentages. Summary adjusted Atkinson indices are obtained from the summary Atkinson indices Aα—prior 
to aggregating to the composite and overall indices—by scaling them by the factor 1/A∞, where A∞ = 1 – p min/p tot, and p min is the least favorable subgroup percentage. The summary, composite, and overall Atkinson 
indices are not tabulated in this report. Each of the 1,000 sets of bootstrapped sampling weights results in a possibly different ranking of the 20 most populous states by the overall index selected. The 90% most likely 
ranks for each state are the most likely ranks that each state is assigned in 9 out of 10 bootstrapped samples. Fractional ranks may occur in tiebreaking.

SOURCE: NCHS, National Health Interview Survey, 2013–2015. 
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Appendix. Comparing National Health Interview Survey-sourced 

Health Measures With Those for Institute of Medicine’s Vital Signs
 

Table. Crosswalk between National Health Interview Survey-sourced core health measures constructed for NCHS Vital and Health 
Statistics Series 2, No. 180, and Institute of Medicine’s Vital Signs measures 

NHIS-sourced core 

Vital Signs Core Metrics 
Domain—Key Element— 
Focus—Core or Related 

health measure NHIS-sourced indicator NHIS indicator case definition Priority Measure 

Healthy behaviors Percentage of adults 
meeting selected 
criteria of healthy 
behavior 

Person meets all three† of 
the following criteria: 1) 
nonsmoker; 2) nonheavy 
drinker; 3) meets physical 
activity guidelines 

1. Smoker is defined as a cur ent 
smoker (every day or some days) 

Healthy people—healthy 
behaviors—addictive 
behaviors—related priority 
measure: tobacco use 

† Only first two criteria are used 
if person is unable to engage 
in specified physical activity 

2. Heavy drinker is defined as a 
current heavy drinker (12 or more 
drinks in lifetime, 12 or more drinks 
in past year, and either 15 or more 
drinks per week for males or 8 or 
more drinks per week for females in 
past year) 

Healthy people—healthy 
behaviors—addictive 
behaviors—related 
priority measure: alcohol 
dependence/misuse 

3. Does not meet physical activity 
guidelines (if person is reported to 
be able to do the physical activity in 
question) 

Healthy people—healthy 
behaviors—overweight and 
obesity—related priority 
measure: activity levels 

Access to medical care Percentage of adults 
with access to 
medical care 

Person has: 1) a usual place 
of care; 2) no unmet medical 
needs due to cost; 3) no 
general delay in getting 
medical care 

1. Person reports a usual place of 
care other than the emergency room 

Care quality—access to 
care—care access—related 
priority measure: usual 
source of care 

2. Person reports no unmet general 
medical care need or delayed 
medical care due to cost 

Care quality—access to 
care—care access—core 
measure: unmet care need 

3. Person reports no general delay 
in medical care due to problems in 
reaching a medical office 

Care quality—access to 
care—care access—related 
priority measure: delay of 
needed care 

General physical Percentage of adults 
health status and meeting selected 

criteria of general mental health 
physical health status 
and mental health 

Person meets all of the 1. Person reports that his or her Healthy people—quality 
following criteria: 1) Self- general physical health is excellent, of life—well-being—core 
assessed general health is very good, or good measure: self-reported 
“good” or better; 2) he or she health 
does not present serious, 
moderate, or mild nonspecific 
psychological distress (NSPD) 2. Person has a total score of 0–7 

on the Kessler K6 NSPD scale, 
Healthy people—quality of 
life—well-being—related 

indicating either absence of or less priority measure: 
than mild NSPD depression 

Absence of multiple Percentage of adults 
chronic conditions who have at most 

1 of 10 selected 
chronic conditions 

Person has at most 1 of these 10 chronic conditions: cancer (excluding 
skin non-melanoma cases); hypertension; coronary heart disease; 
stroke; COPD (including emphysema and chronic bronchitis); asthma; 
diabetes (excluding gestational diabetes); arthritis (including rheumatoid 
arthritis, gout, lupus, or fib omyalgia); hepatitis; weak or failing kidneys 
(excluding kidney stones, bladder infections, or incontinence) 

Healthy people—quality of 
life—well-being—related 
priority measure: multiple 
chronic conditions 

NOTE: NCHS is National Center for Health Statistics; NHIS is National Health Interview Survey; and COPD is chronic obstructive pulmonary disease. 

SOURCES: NCHS, National Health Interview Survey, 2013–2015; Institute of Medicine, Vital Signs: Core Metrics for Health and Health Care Progress, 2015. 
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