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Abstract

Measuring population health with morbidity and mortality data, often collected at the site of care, fails to capture
the individual’s perspective on health and well-being. Because health happens outside the walls of medical facilities,
a holistic and singular measure of health that can easily be captured for an entire population could aid in under-
standing the well-being of communities. This paper postulates that Healthy Days, a health-related quality of life
measure developed and validated by the Centers for Disease Control and Prevention, is an ideal survey instrument to
advance population health. A systematic literature review was conducted and revealed a strong evidence base using
Healthy Days with significant correlations to chronic disease conditions. Building on the literature base and ex-
perience, methods for analyzing Healthy Days data are discussed, including stratified sampling techniques, statistical
measures to account for variance, and modeling techniques for skewed distributions. Using such analytic techniques,
Healthy Days has been used extensively in national health surveillance. As the health care system faces increasing
costs and constrained resources, the Healthy Days survey instrument can be used to inform public policies and
allocate health service resources. Because Healthy Days captures broad dimensions of health from the individual’s
perspective, it is a simple way to holistically measure the health and well-being of a population and its trend over
time. Expanded use of Healthy Days can aid population health managers and contribute to the understanding of the
broader determinants of the nation’s and individual community’s health and aid in evaluating progress toward health
goals.

Introduction

EVERAL DIFFERENT GROUPS ARE ACCOUNTABLE for the

health and medical care of communities. Some, such as
the Indian Health Service, have wide responsibility to pro-
vide all health programs for a distinct population. Most,
however, manage only certain aspects of health programs or
work within less defined communities. For example, state or
local health departments greatly influence public health ini-
tiatives but generally are not responsible for directly pro-
viding health care. Health care providers, on the other hand,

provide medical care to their patients but usually cannot af-
fect social determinants of health in their communities. Given
this fragmented system of responsibility for overall health in
the United States, it can be difficult for any of these groups
that are accountable for community medical care to get a
complete look at the health of their community.'*
Traditional measures of health, such as morbidity and
mortality, are important health indicators but fall short of in-
corporating the voice of individuals. Health-related quality of
life (HRQOL)—a multidimensional concept encompassing
physical, mental, emotional, and social functioning—is
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widely accepted as a valid measure of the burden of disease as
experienced directly by individuals, providing a more holistic
view of overall health.>> Furthermore, HRQOL is highly
correlated with traditional measures of health, including
morbidity, mortality, and health care costs.®1°

Given its multidimensional nature, HRQOL is an im-
portant measure of population health.> When applied to a
population, HRQOL assessment provides the global picture
that is missing from the somewhat limited perspective of
various agencies and professionals. HRQOL is one of the 4
Foundation Health Measures used b?' Healthy People 2020
to assess the health of communities. ' HRQOL can be used
to measure health disparities, track the influence of social
determinants on overall health, and shed light on the ulti-
mate impact of the health care system. However, it can be
challenging to select the right HRQOL instrument. Although
several available instruments have demonstrated validity
and reliability, they vary in scope, intended purpose, ap-
plicability, and general ease of use. To measure HRQOL,
the ideal instrument for those who manage population health
would be holistic and easy to administer, and would mea-
sure the individual’s perspective while being understandable
to health care providers and the general public alike.

Healthy Days

During the late 1980s, the Centers for Disease Control and
Prevention (CDC) sought to develop a survey instrument to
capture self-perceived HRQOL in a short questionnaire that
was easy for people to understand and answer. The resulting
tool—the CDC-HRQOL-4, or ‘‘Healthy Days’’—consists of
4 questions that ask people about how they perceive their own
recent health (Table 1). Answers to the second question about
recent physical health and the third question about recent
mental health provide a summary index of unhealthy days
(UHD) for an individual. When a respondent replies with zero
days to questions 2 and 3, the respondent is not asked the final
question on activity limitation, which is imputed as zero.

The CDC developed this questionnaire as an alternative to
other, longer HRQOL measures for large population-based sur-
veys; it is easily understood by the public and policy makers. Its
value lies in its simplicity. It is also unique in that it measures
physical and mental health as separate domains. Starting in 1993,
Healthy Days was incorporated into the state-based Behavioral
Risk Factor Surveillance System (BRFSS), a continuous, state-
based, random telephone survey of community-dwelling US
adults aged 18 and older. The inclusion of Healthy Days in the
BREFSS survey has become one of the greatest strengths of the
instrument, as this survey provides health-related information for
a multi-year sample across the US population. A response rate of
>98% to the Healthy Days questions demonstrates that these
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questions are easy for people to answer.'? No other measures of
HRQOL, such as the Medical Outcomes Study Short-forms (SF-
12 and SF-36) or the EuroQoL Group’s EQ-5D, are available in a
similarly large annual sample as in the BRFSS, which tracks
trends over time and in different geographic areas. Another na-
tional survey, the National Health and Nutrition Examination
Survey (NHANES), also included the Healthy Days questions
from 2000 through 2011, and the Medicare Health Outcomes
Survey has included them since 2003.

In 2000 the CDC National Center for Chronic Disease
Prevention and Health Promotion’s Division of Adult and
Community Health published a report, Measuring Healthy
Days: Population Assessment of Health-Related Quality of
Life.'" This report describes the aims of the Healthy Days
survey instrument and the research that has demonstrated its
validity and reliability. This research shows that the questions
have high construct validity (do a good job of measuring the
intended concepts) and concurrent validity (its results align
with other validated instruments that measure the same
concepts). The validity of Healthy Days has been confirmed
across elderly, adolescent, and disabled population segments,
as well as in specific clinical populations such as those with
spinal cord injuries.”'*'” Furthermore, the Healthy Days
questions are a valid and reliable measure of population
health in distinct geographic areas including Canada and
Puerto Rico, as well as at the state and local level within the
United States.'®2° Healthy Days was recently suggested as a
potential measure of population health within the Triple Aim
(population health, patient experience, and per capita cost).?!

Given its demonstrated validity and reliability, its unique
simplicity, and its ability to reflect people’s perceptions of their
own health, Healthy Days can be an effective metric of overall
health for those who manage the health of population groups,
whether an organization’s responsibilities involve community
interventions, disease management, or delivery of clinical care.
This paper will review the existing published research using
Healthy Days as a measure of HRQOL, describe practical
considerations in collection and analysis of the data, and show
how the survey instrument can be used to inform public policy.

Use of Healthy Days in the Literature

To quantify the scope and current use of the Healthy Days
survey instrument, a systematic literature review was con-
ducted using the PubMed and Google Scholar databases and
the following search terms Healthy Days, Unhealthy Days,
HRQOL-4, and the 4 questions. The search was limited to
English, and no constraints were placed on publication date.
Two independent reviewers screened the publications re-
trieved and excluded publications of study populations
younger than 18 years of age or in other than North American

TABLE 1. CDC-HRQOL-4 SURVEY INSTRUMENT—HEALTHY DAYS

1 Would you say that in general your health is excellent, very good, good, fair, or poor?

2 Now thinking about your physical health, which includes physical illness and injury, for how many days during
the past 30 days was your physical health not good?

3 Now thinking about your mental health, which includes stress, depression, and problems with emotions, for how
many days during the past 30 days was your mental health not good?

4 During the past 30 days, for about how many days did poor physical or mental health keep you from doing your

usual activities, such as self-care, work, or recreation?

CDC-HRQOL =Centers for Disease Control and Prevention Health-Related Quality of Life.
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populations, method or review studies, non—peer-reviewed
studies, and non—-Healthy Days-related studies. The reviewers
assessed the included studies for their characteristics and
classified them into studies of specific diseases, general
health, prevention, and socioeconomic characteristics.

This search strategy identified 211 studies, 110 of which
met the inclusion criteria (see online Appendix A, available in
the online article at www.liebertpub.com/pop). Ninety-one
studies were excluded for the following reason(s): The study
focused on populations younger than 18 years of age (n=10);
the study focused on other than North American populations
(n=28); the study focused only on methods or was a review
(n=18); the study was not peer reviewed (n=12); or the study
was unrelated to Healthy Days measurements (n=23) (Fig. 1).

Of the 110 studies included in the review, the strongest
similarity among the articles was that most (80.9%, n=_89)
used Healthy Days data from a secondary data source, most
commonly BRFSS (n=66), the NHANES (n=7), and the
California Health Interview Survey (n=4). Only 19.1%
(n=21) of the studies collected Healthy Days as primary data
for their studies. Most (53.6%, n=59) of the studies evaluated
Healthy Days in the context of a specific disease state, in-
cluding mental disorders (n=12), diabetes (n=38), arthritis
(n=7), cardiovascular disease (n=6), obesity (n=6), and
pulmonary disease (n=5). General health studies assessing
HRQOL vs. mortality or covering multiple chronic conditions
accounted for 21.8% (n=24) of the included studies, fol-
lowed by socioeconomic characteristics (13.6%, n=15) and
lifestyle factors (10.9%, n=12). There were no observed
trends geographically, as only California (n=5) and North
Carolina (n=5) had 5 or more regionally focused studies.

How the studies reported UHD varied by the type of study.
The studies that evaluated specific health conditions usually
contrasted the mean numbers of physically UHD and men-
tally UHD for people with the condition to those for people
without the condition (Table 2). Although less common, sev-
eral studies summed the number of physically and mentally
UHD, with a maximum of 30 days, to report total UHD. Other
studies converted the number of UHD into a binary variable
using a threshold of 14 UHD. This 14-day threshold was first
reported in the late 1990s as a way to analyze the third Healthy
Day question on mental distress. Fourteen days, originally
selected because clinicians and clinical researchers had used a
similar duration as a marker for depression and anxiety disor-
ders, is now a generally accepted threshold used by the CDC for

Identified studies

(n=201)
Excluded studies (n=91):
* <18 years of age (n=10)
" « Non-North American population (n=28)

+ Method or Review Study (n=18)
+ Non-Peer Reviewed (n=12)
« Unrelated to Healthy Days (n=23)

L

Studies included

in review
(n=110)

FIG. 1. Study attribution table.
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longitudinal tracking and ranking states.>''**** Finally, sev-
eral studies used multivariate regression modeling to under-
stand the association between disease states and having 14 or
more UHD. Although these reporting consistencies allow for
comparisons between studies, such comparisons require cau-
tion to account for baseline differences in the study populations
and the methods of statistical analyses.

Besides reporting UHD from the second and third ques-
tions on the survey instrument, 72% (n="79) of the studies
reported the responses to the fourth question, which addresses
activity limitations. The CDC describes question 4 as a
““global indicator of perceived disability as well as an indi-
cator of productive human capital,”'" so this finding under-
scores the importance of self-reported activity limitations and
functional status among those researching HRQOL.

Many studies used responses to the third Healthy Days
question on mental health to calculate self-reported frequent
mental distress (FMD), defined as 14 or more mentally UHD
within the last 30 days. Of the articles evaluating mental
disorders, 6 measured FMD while the others either dichot-
omized or reported mean mentally UHD. In one study, for
example, people who reported activity limitation related to
physical, mental, or emotional problems were more than
twice as likely to have FMD (adjusted odds ratio=2.59,
95% confidence interval [CI], 2.33-2.87).>*

This systematic review reveals strong literature support
for using Healthy Days to measure HRQOL among com-
parative populations, including those with and without
health conditions. Most of the studies relied on secondary
analysis of existing data, suggesting that barriers may exist
to primary collection of Healthy Days data. As the CDC
itself is the primary producer of research studies using
Healthy Days, there is substantial opportunity for expanded
research contributions.

Practical Considerations for Data Collection
and Analysis of Healthy Days

CMS and other payers typically draw from large popu-
lations when conducting Healthy Days surveys. Collecting
data from the entire population of interest is ideal but can be
resource-intensive. Sample surveys provide an alternative
for estimating Healthy Days across a population. Different
techniques can be used to estimate the sample size needed to
generate precise estimates and detect small differences (eg,
<5% absolute difference). Because of the large variance
associated with the highly skewed distribution of the Heal-
thy Days metric, large survey samples are needed, particu-
larly if the underlying population is large.

An approach that randomly samples different subpopula-
tions separately, yielding a stratified random sample, may be
used to assure that the study sample includes sufficient numbers
of participants in each stratum, or subgroup, to allow separate
estimates at the desired level of precision. For instance, private
payer organizations may wish to sample and analyze according
to participation in Medicare, Medicaid, Affordable Care Act
exchanges, and/or employer plans. Subgroup analysis ac-
knowledges the inherent and substantial demographic, behav-
ioral, and clinical differences between subpopulations. However,
stratified random sampling may result in oversampling of some
subpopulations (ie, recruitment of participants in proportions that
do not reflect the population distribution of characteristics).
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Adjustments for differential sampling probabilities driven
by stratified random sampling and adjustment for nonresponse
must be considered for sample surveys so that aggregate results
can be considered representative of the underlying population.
Adjustments for oversampling typically present little issue
when the base population is known. In this case, each partici-
pant’s response can be weighted according to the relative size,
in the underlying population, of the stratum (subgroup) to
which that participant belongs. However, adjustments for
nonresponse can present a larger challenge. If survey non-
response within each stratum is associated with particular
participant characteristics, then further adjustment, or re-
weighting, is necessary after adjustment for oversampling so
that the reweighted survey results are fully applicable to the
underlying population. Iterative proportional fitting is the
technique currently used in the BRFSS survey to adjust for
nonresponse. Numerous additional methods can be considered
to adjust for nonresponse including poststratification, such as
weighting using logistic regression and replicate weighting.
Ultimately the decision is driven by available data for the
survey sample and the target population, in addition to the
volume of the observed differences. Data necessary for
weighting may have to be drawn from outside sources. For
example, organizations conducting surveys in Medicare pop-
ulations can obtain data such as race/ethnicity or income from
the Centers for Medicare & Medicaid Services (CMS).

Once results have been weighted, researchers need to
consider several factors in analyzing Healthy Days data.
Mean UHD values and percentages for response categories
for the target population can be estimated along with 95%
confidence intervals accounting for the survey design using
variance estimation techniques now available in most stan-
dard statistical software packages.

As an alternative to a mean value for each Healthy Days
measure, many researchers construct “‘total”” UHD as a sum of
mentally UHD and physically UHD. Although the calculated
sum of UHD can exceed 30 days, most investigators cap this
sum at 30 days for purposes of interpretability. However,
capping in this way can be misleading. Capping precludes
identification of those with the poorest health (ie, those with the
equivalent of more than 30 overall UHD). As an example, the
response of 15 physically UHD and 16 mentally UHD implies
an overlap of between 1 day (minimal overlap) and 15 days
(maximal overlap). In other words, the respondent experienced
anywhere from 1 to 15 days that were both physically and
mentally unhealthy and 1 day that was only mentally un-
healthy. A cap of 30 would not reflect the fact that at least 1 day
was characterized by both physical and mental poor health.

For more complex analysis of the factors associated with
UHD, different forms of multivariate regression allow re-
searchers to simultaneously take into account numerous factors
and to estimate the degree of impact for each factor. General-
ized linear modeling (GLM) using ordinary least squares re-
gression has been used in several published studies to examine
mean UHD. However, each Healthy Days question has a highly
skewed distribution, with zero being the most common re-
sponse in most populations. Because of the nature of the
question requiring recall, many respondents report Healthy
Days in intervals of 5. The resulting distribution has peaks and
therefore may violate the assumption of normal residuals in the
GLM. Converting UHD data into a binary (frequently <14
UHD or 214 UHD), ordinal, or categorical variable to perform
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logistic, multinomial, or ordinal regression can be a helpful
way to relax assumptions regarding the distribution of UHD in
continuous form. Many popular software packages today in-
clude a survey GLM and logistic regression procedures,
making these an attractive option.

Less well-known modeling techniques also can be consid-
ered. One option is the zero-inflated negative binomial (ZINB)
regression model, which was developed for count variables
with excessive zero-value observations. Although one pub-
lished study has shown the skewed nature of Healthy Days to fit
well to the ZINB,* none of the popular software packages (at
the time of writing) have this capability built in for survey data.
The ZINB model also is complicated to communicate, and
makes several underlying assumptions that do not apply to
UHD; for example, the data range from zero to infinity. Ad-
ditionally, ZINB does not present a uniform solution, as some
subpopulations, particularly those with disability or chronic
disease, will not present with the excess zeroes seen in healthier
populations. Tobit, Spline and censored least absolute devia-
tions models make no assumptions regarding the underlying
distribution and both are commonly used to analyze HRQOL
scores, particularly in studies with censored/truncated data or
data with strong ceiling/floor effects.”~® The type of censor-
ing addressed by these models occurs with use of a scale in
which all values above or below a threshold value are counted
as equal to the threshold. Ceiling/floor effects occur when the
bulk of values are at either end of the scale, which would be the
case in very healthy or very unhealthy populations. Although
these models have not been used in the published literature to
analyze Healthy Days, their use is plausible as the scores can be
considered censored at zero and 30 days and responses are
often skewed toward zero. However, few software packages
have these methods available.

An alternative modeling approach is use of regression
methodologies that do not make assumptions regarding the
underlying distribution. The bootstrap method provides re-
sults that are at once robust and easy to explain.”’ Boot-
strapping is a nonparametric approach that uses simulated
resampling of the study sample and recalculation of the
estimate many times to replace the traditional distributional
assumptions when calculating a confidence interval or other
measure of the variance in estimate. Complications related
to the survey design can be accounted for using estimates
from survey regression procedures as the basis of the sim-
ulation. One shortcoming that may be encountered in more
complex regression models such as bootstrapping is their
computationally intensive nature, which can slow the mod-
eling process if multiple simulations are required.

If variance estimation is less important and the analyst is
primarily concerned with understanding what factors are as-
sociated with increased or decreased UHD, decision tree re-
gression provides an additional alternative for analysis without
assumptions regarding underlying distribution. In decision tree
regression, a large number of factors with potential association
with UHD can be considered simultaneously and ranked ac-
cording to their prevalence in the population and the extent to
which they differentiate between individuals with more or
fewer UHD. For trended analysis, structured time-series au-
toregressive integrated moving average modeling has been
used successfully to highlight the seasonal effect associated
with Healthy Days data while accounting for worsening
physical and mental health over time.*°
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As with all instruments, the Healthy Days survey instru-
ment has limitations that should be noted. First, the instru-
ment was validated for each question individually. Thus,
although the sum of mentally UHD and physically UHD is
commonly used to summarize overall health in a single value,
this application has not yet been fully validated. Furthermore,
unlike other preference-based HRQOL measures such as EQ-
5D and SF-6D, total UHD cannot be used directly to calculate
quality-adjusted life-years (QALYs). However, regression
analysis using physically and mentally UHD as explanatory
variables can be used to predict measures like the EQ-5D,
which can in turn be converted to QALYs for cost-utility
studies.*!*® Another limitation is that Healthy Days has not
been validated in languages other than English. Syntax and
diction varies between languages. Non—English speakers can
potentially respond differently to a translated HRQOL-4,
especially the first question assessing general health. Lastly,
wording changes and question order could affect responses;
thus, enforcing the standardization of HRQOL-4 is important.

Using Healthy Days to Inform Public Policy

The Institute of Medicine’s 2012 Living Well with Chronic
Illness report concluded that it is critical to implement new
public policies to promote living well with chronic illnesses.*?
Accordingly, the Healthy Days measures have broad applica-
tions for federal, state, and local governments to better under-
stand the needs of their communities and to identify vulnerable
subpopulations. Several groups are using Healthy Days to in-
form such policy efforts. For more than a decade, CMS has
included the Healthy Days questions in the Medicare Health
Outcomes Survey, a longitudinal patient-reported outcomes
tool used to measure the (iuality of care provided by Medicare
Advantage organizations.” The National Women’s Law Cen-
ter also uses this measure in its report card on women’s health to
advocate on behalf of women’s health and corresponding policy
blueprints.** Similarly, the University of Wisconsin’s Mobi-
lizing Action Toward Community Health (MATCH) project
uses the Healthy Days measures in its county-level health
rankings and uses the information to implement programs and
policies addressing community health needs.™

Now more than ever, the health care system is focused on
finding ways to improve well-being from the limited re-
sources available. In January of 2015, US Secretary of Health
and Human Services Sylvia M. Burwell announced a goal to
have 50% of all Medicare payments tied to quality or value
through alternative payment models by the end of 2018.%° As
the health care systems shifts to a value-based purchasing
model, individuals’ perceptions of their health are a critical
element of defining value. Patient-reported assessments of
their health such as Healthy Days should play an important
role in determining where value is being delivered and should
be reflected in reimbursement models. Accurate, reliable, and
consistent measurement of quality of life using a validated
measure like Healthy Days will help to identify promising
payment solutions going forward.

Given that quality of life is closely associated to mea-
surable health outcomes, policy makers may find Healthy
Days a powerful tool for predicting the needs and use of
health care in a community. Expanded utilization of Healthy
Days measures as an indicator of the current perceived
health of communities could help health planners and leg-
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islators allocate resources for health services and assess
impact of population-based policies or interventions.

Opportunity for Broader Use of Healthy Days

The Healthy Days survey instrument offers several
strengths for measuring population health:

- has demonstrated validity and reliability,

- incorporates the individual’s current perspective of
health and well-being,

- is easy to administer and respond to, allowing for large
population-based surveys,

- produces interpretable and meaningful results that are
easily understood by policy makers and the public,

- 18 correlated to health outcomes, and

- can be tracked over time and compared to national and
state benchmarks.

Given these merits, several organizations with important
roles in managing and improving population health have
adopted Healthy Days as a measurement instrument. Such
entities are actively using the data collected to advocate on
behalf of the health care needs of their communities. Despite
these adopters, great opportunity remains across a wide
range of settings for those who manage population health to
leverage the Healthy Days tool to track and improve health
within their settings. In this time of exponential growth in
biometric data collection and the digitization of health re-
cords, the addition of data related to the individual’s per-
ception of health and well-being fills an important gap in
what can be gathered from electronic health records and
billing data. Such a holistic view can more accurately isolate
the most pressing health care needs of a population, measure
improvements resulting from interventions that may other-
wise take years to realize the outcomes benefits, and allocate
the provision of health care services toward those that im-
prove not only outcomes, but also quality of life.
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