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BACKGROUND

Healthy People 2010 identifies 10 L eading Health Indicators (L HIs), which may
be used to monitor the nation® progress in improving its public health efforts. These
LHIsarelisted in Table 1. Each of these indicatorsis a globd behavioral risk factor,
collection of diseases, or soda factor that can bemeasured and tracked. Regardless of
thenaure of theindicator, each is assodated with multiple illnesses or conditions
Presently, the nation® progress towardsimproving health outcomes related to these
measuresis tracked via changesin inddence rates, mortality rates, as well as other
objective-specific outcomes vialarge naiond daasets.**

It isdifficult for policymakers, hedlth care professionds, and the general public to
undestand how progress madein redudng oneindcator, such asinjury and violence,
compares with progress made toward redudng anather, such as obesity. Whileinjury
and violence (indicator 7) often result in theloss of life, obesity (indcator 2) mosly
resultsin morbidity. For example, whileit is easy to undestand tha theinadence of
injury and violence has decreased by 5 percent and theinddence of obesity has decreased
by 2 percent over agiven period, it is difficult to interpret therelevance of thechangesin
these inddence rates from an overarching perspective.

Tablel. LHIstobeusedin When presented as a summary measure, the
Healthy People 2010. burden of disease combines morbidity and

1. Physical Activity mortality information within asingle metric.*®

2. Overweightand Obesity Burden of disease andyses can also summarize

3. Tobacco Use multiple conditions such as thos condiions

4. Subgance Abuse attributableto aLHI.

5. Sexud Behavior Burden of disease measures tell conumers
6. Mental Health of Healthy People 2010how many years of full

7. Injury and Violence hedlth, or health-adjuged life years (HALY's), are
8. Environmental Qudity log to a particular condition or disease. (While

9. Immunization other globd outcome measures, such as disease-
10. Accessto care freelife expectancy, fal unde therubric of burden

of disease measures, we will notaddress these
here.) Heath-adjuged life years and healthy life expectancy (HALE) are standad
measures of the burden of disease.*® Both measures summarize: risk of variousdiseases
or conditionstha are attributable to aLHI, thar prevalence, and their assodated health-
related qudity of life (HRQL) and mortality.

TheHALY isan umbrellaterm tha indudes qudity-adjused life years
(QALYSs),” which were develope to evaluate economic outcomes from medical
interventions disability-adjuged life years (DALY's), which were designed to measure
globd burden of disease,® andyears of hedlthy life (Y HLS), which were designed to
monitor the health of Americansfor Healthy People 2000° No summary measure of
health is currently induded in Healthy People 2010.

Health-adjuged life expectancy can be calculated usng any of these measures and
isequd to thelife expectancy at birthin full health. There are variousways of presenting
HALE. For indance, it would be possible to present the difference in HALE for persons
who do and do not use tobacco (indicator 3)° or to present cause-deleted HALE, in which
case theHALE for personswho do not use tobacco would be presented alongsdethe
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averagelife expectancy.”® Figure 1 demongrates some waysin which burden of disease
measures can be presented, usng hypotetica valuesfor theLHlIs.

Using such burden of disease summary measures, it is theoretically posible to: 1)
condsely communicate the nation® progress toward addressing each indicator, 2)
provide information onthe number of HALY s gained by improvementsin the LHIs, and
3) prioritize oneindicator relative to another in terms of itsimpact.

Figure 1. Various ways of presenting burden of disease summary measures for the LHIs
should Healthy People 2010 objectives be met. The baseline HALE for the year 1999
was approximately 65.5 years.” Hypothetical values have been entered to illustrate how
such a table might appear.

*Attributable Risk
*Disease Prevalence
Ratio (or Incidence
Rate)
*Health-Related
Quality of Life Score

*Duration of Illness
*Mortality Rate

Morbidity + Mortality

~_

HALYs Lost Change in HALE HALE
1. Physical Activity 44,450,084 0.71 66.21
2. Overweight and Obesity 38,998,054 0.68 66.18
3. Tobacco Use 48,778,843 0.79 66.29
4. Substance Abuse 45,289,098 0.72 66.22

Burden of disease andyses simplify the presentation of health information. In
addition to combining morbidity and mortality into a single number, as described earlier,
they greatly smplify the presentation of information relating to multiple conditions One
problem encountered with Healthy People 2000was tha overall inddence and mortality
rates of diseases with multiple etiologies were listed under multiple objectives (each with
adoaument heading)." For ingance, theoverall rate of heart disease appesred unde
doaument headingsfor tobacco use, physcal activity, nutrition, as well as others
(induding an overall heading for heart disease), causng redundancy and, potentialy,
confuson onthe pat of thereader.

To fix this problem, Healthy People 2010presents therate as a single objective
and mentionsthe assodation between heart disease and multiple outcomes unde each
objective. Were burden of disease measuresto beused, it would betheoretically be
possible to providethe number of HALY slog to tobacco use as a single nunber tha
incorporates HAL Y s log to heart disease, cancer, and other tobacco-assod ated
conditions as can beseenin Figure 1.
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Burden of disease daa can also hdp policymakers better undestand which
diseases should be prioritized for public health funding. For example, in themid-1990s
theWorld Health Organization began reporting theburden of disease dueto major health
conditionsusing the disability-adjusted life year (DALY, a burden of disease measure.®
Prevalent conditionsthat had previoudy been followed usng mortality as an outcome but
caused few degths such as depression, moved from the bottom of therankingsto near the
top. Theuse of theDALY has alowed policymakers to better undestand theimpact of a
rangeof mental and physcal diseases and conditionswithin sodeties.

| SSUES AND APPROACHES

Theuse of burden of disease measures is not without controversy, and the
calculation of such measures is technically complex, especially when applied toaLHI.
When estimating the burden of disease dueto aLHlI, researchers require information on
attributable risk, prevalence ratios (or inddence rates), HRQL, and mortality rates
assodated with adisease or condition. Depending on the approach used and the disease
unde study, they may aso require information ontheduration of an illness, and whether
or notthe disease is episodic.

When applied to broad public hedlth issues, such asthe 10 LHIs, it becomes
necessary to tease apart variousrisk factorsfor disease. Foringance, thefirst three
indicatorsEphyscal activity, tobacco use, and obesityBare each risk factors for heart
disease. Theburden of heart disease attributable to each of these indicators mug be
calculated separately. Moreover, exercise may reduce smoking and obesity
simultaneoudy. Mathematical approachesto teasing risk factors apart are broadly known
as attributable risk calculations

The prevaence ratio of mog conditionsattributable to any given indicator may be
estimated from large naiond daasets. However, large naiond daasets do not capture
theinddence rate of diseases well. They also fail to capture the prevalence of rare
conditionsor conditionsfor which self-report data presents ethical problems (i.e., mental
illness or HIV/AIDYS).

Onechdlengeisto obtain areasonable estimate of HRQL. To combine lost
health due to morbidity and mortality into a single metric, morbidity and mortality must
be measured on the same scale. Some experts question whether the sacrifices tha were
necessary in creating abroad pubiic health measure such asthe DALY ,° used for
internationd comparisons or the YHL ,** used for tracking in Healthy People 2000,have
succeeded in their attempts to correctly scale morbidity.”

Mortality dueto a condition may be measured using death certificate data,**
surveys linked to death certificate data, " progpective trials, or mathematical modding.
Each of these methodsof measuring mortality presents trade-offsin terms of error, the
extent to which rates can betracked fromyear to year, and theability to link risk factors
with the number of deathsthat occur. In sum, when estimating burden of disease, there
are many different approaches, all with attendant issues, that mus be consdered when
estimating the attributable risk, the measurement of morbidity, and the measurement of
mortality.

Compoundng these issues, no unified source of data exists tha can beused to
develop amathematical modd of theindependent and correlated effects of al 10LHIson
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morbidity and mortality. Ingead, it is necessary to estimate the burden of disease from
many different sources of information. Some data can belinked via a process called
mapping, in which datafrom two or more sources are linked together. This process
introduces uniquesources of error and will notlikely provide enoughinformation to
adequaely modd the burden of disease dueto all 10 LHIs.

Whileit is not possible to provide a cohaent framework for tabulating the burden
of disease dueto the 10 LHIs, we will outline possible methodobgical approaches for
measuring incremental annud changesin HALY sor HALE andflag some of theissues
tha have arisen in past efforts. We also discuss how the burden of disease might be
tabulated for special popuktions such as personsof low income. We summarize the
opinionsof expertsin tackling these critical issues, present standard and theoretical
approaches to calculating risk, morbidity, and mortality fromthe publc hedth literature,
and synthesize this information where possible. The objective of thisreport isto draw on
the strengths of different schools of thoughtto formulate a menu of methodobgical
optionsfor calculating the burden of disease dueto the 10 LHlIs.

METHODS

We began the project with an extensve review of the burden of disease literature.
This was conduded usng a Medline search between theyears of 1980and 2001, a
ProQuest search for puldicationsbeyondthe scopeof themedical literature, and an
Internet search for relevant govanment doauments and publications We aso obtained
relevant booksand publicationsusng library searches.

Thoughmos approaches to the estimation of burden of disease have been
published, many of theissues tha have arisen in applying these measures have not
Therefore, we interviewed expertsin thefield of burden of disease andysis to obtain ther
ideas and perspectives on how the 10 LHIs mightbe approached (see Appendix A for a
list of participants). These conaultants were selected based on 1) ther familiarity with
attributable risk, morbidity measures, and/or mortality estimations 2) ther history of
working with disparate approaches (to avoid bias toward a particular approach), and 3)
thar experience with working in teams or with government agendes charged with
calculating the burden of disease.

We sent each participant aletter of introdudion describing the project aswell asa
technical doaument describing theissues, major datasets tha might be used, and some of
theapproaches currently in use. We then conduded informal telephoneinterviews usng
open-ended questionsto learn how each participant might approach the particular aspect
of burden of disease measurement for which theexpert isfamiliar. We aso obtained
information onissues the expert encountered in applying these methodsin previous
research efforts. Findly, we conduded a more structured interview asking theexpert to
assist uswith data issues or methodobgical approaches specific to each indicator. Those
personswith broad expertise in burden of disease andysis were asked to comment on
draft copies of the synthesized doaument so tha a cohesive framework could be created
tha would link each of the methodobgical approaches togeher.

To present theissues and approaches in a cohaent way, we have divided the
remainde of this doaument into sectionsdescribing major naiondly representative
hedlth daasets, the estimation of attributable risk, measures used for estimating
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morbidity, and methodsfor estimating mortality. Thefind section describes issues and
approaches specific to each of the 10 LHiIs.

NATIONAL DATASETS

Healthy People 2000used awidevariety of nationally representative daasets to
track the nation® progress toward meeting the objectives outlined in that project.
Foremos amongthese were the Nationd Health Interview Survey (NHIS), the Medical
Expenditure Pand Survey (MEPS), the Nationd Health and Nutrition Examinaion
Survey (NHANES), the Multiple Cause of Death Datafile, and the Behavioral Risk
Factor Surveillance System (BRFSS).

For any paticular daafile, it is desirable to have a set of core variables for which
the assessment changes little from year to year so tha burden of disease calculationscan
berdiably obtained and tracked onaregular basis. While nosingle survey likely
containsenoughinformation to calculate the burden of disease dueto an indicator, it may
bepossible to combinesurvey daa. Thedaa sources listed bdow are notall
comparable and differences may occur when a specific outcome measure is obtained
from two different sources.’

THE NATIONAL HEALTH INTERVIEW SURVEY (NHIS)

TheNHISisan annud nationdly representative survey of thecivilian non
ingitutiondized popuktion that wasfirst conduded in 1957 Theannud survey conssts
of acorefiletha varieslittle from year to year (thoughmajor changes are madeto the
corefileonce every 10 years). Theentire sampling frame conssts of 110000 personsin
40,000houghadds Income, race and ethnicity data are collected, and black and Hispanic
housholdsare oversampled. Adultsinthehoushold serve as respondents; proxy
responses are allowed for absent adults and are required for children or pe'sonsunable to
respondthemselves.

Dueto therelatively large sample size and large number of prevalent conditions
examined, this survey is useful for burden of disease estimation for mos common
conditions Thesurvey islimited by recall bias, incluson of proxy responss, and alack
of avalidaion mechanism for conditions(e.g., gastroenteritis may bereported as Qhe

flu.
THE MEDICAL EXPENDITURE PANEL SURVEY (MEPYS)

The survey consists of a household component, an insurance component, a
nursing home component and a medical provider component. The medical component is
useful for supplementing and/or validating information provided in the household
component.

The MEPS household component utilizes the same sampling frame as the NHIS
but the total sample size is smaller. It includes additional information, including survey
questions from 2 health status instruments, the EuroQol and the SF-12. It also includes
information that, when linked with other ongoing surveys, could be used for economic
studies of the 10 LHIs, should such information be desired in future research endeavors.
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Moreover, these data are linked to other components of the MEPS, such as data from the
respondents’ medical and insurance providers.

Data for comprehensive socio-demographic variables, including income,
education, race, and ethnicity, are collected. The MEPS has recently been increased to
encompass 15,000 households and approximately 40,000 persons (Steve Cohen, personal
communication).

THE NATIONAL HEALTH AND NUTRITION EXAMINATION SURVEY (NHANES)

TheNHANES isasurvey of thecivilian norringitutiondized popuktion of the
United States that containsdetailed dietary, laboratory, and medical examinaion daa
Beginning in 1999,the survey will beconduded annudly and will belinked to theNHIS
and the Continuing Survey of FoodIntakes by Individuds, a dietary survey conduded by
the United States Department of Agriculture. Thesurvey islinked to theNHIS at the
Primary Sampling Unit level, rather than at theindividud level. Furthermore, 5000
individuds are added to the sample each year. Non-Hispanic blacks, Mexican-
Americans theyoung,and theelderly were oversampled. Complete sodo-demographic
informationis available for tabulationsby race, ethnicity and sodoecononic status

These data are subject to little nonrandomerror since the parameters are
measured by health professionds and are not subject to recall bias. Foringance,
correlates of smoking status can bemeasured via cotininelevels in thebloodrather than
reports of the number of cigarettes smoked.

The NHANES cohott islinked to death certificate data, allowingrisk factorsto be
assod ated with causes of death. These data may serve to validae mortality data obtained
from death certificates or to appottion therisk of death for certain conditionsusng
attributable risk modds. For ingance, in calculating the burden of disease dueto
subgance abuse (indicator 4), it may be possible to use the NHANES-linked mortality
datato determinethe propation of cirrhoss cases attributable to alcoholism.

BEHAVIORAL RISK FACTOR SURVEILL ANCE SYSTEM (BRFSS)

TheBehavioral Risk Factor Surveillance System (BRFSS) is atelephonebased
survey of over 150000personstha is conduded at the state level.*® Core questionsare
conduded on arotating basis and are available once every two years. Induded in the
sample are variables specific to tobacco use, acohol consumption, immunization status
health care access, weight control, exercise, diabetes, cardiovascular disease and sodo-
demographic compostion. Sodo-demographic variablesinduderace, ethnicity,
education, andincome. This survey also incorporates an accountng of (healthy days.O
These are not suitable for calculating HALY's, however.

Using this survey, it is possible to appottion therisk of variousleading diseases
by risk factor. Thesurvey is conduded annudly. Since states condud the survey,
combining these daais methodobgically chdlengng. Moreover, while each state asks
the same set of core conditions many variables are state-specific.
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NATIONAL HOUSEHOLD SURVEY ON DRUG ABUSE (NHSDA)

The NHSDA is conduded annudly and is a representative sample of personsaged
12 and older residing in the US. It containsboth inddence and prevalence daa of non
medical druguse, all relevant sodo-demographic variables, and some conditions
assodated with drug use.

COMMUNITY TRACKING SURVEY (CTYS)

The CTSisasample of 36,200familiesin 60 communities. In this survey,
subjects are representative of the community in which they live; however, they are not
weighted to the United States popuktion asawhole. The survey indudes the Short Form
12 (SF-12), which is ahealth status measure, and relevant sodo-demographic variables.

ANNUAL SURVEY OF OCCUPATIONAL INJURIESAND I LL NESSES (ASOII).

The ASOIl isan annud survey conduded by the Bureau of Labor Statistics of
approximately 250000 private establishments. This survey excludes the self-employed,
small farmers, and govenment workers, but it containsvariables pertinent to mos
workplace injuries. Thesurvey is subject to undereporting.

DEATH CERTIFICATE DATAFILES

Death certificate datafiles, which indudethe multiple cause of deeth daéfile, are
useful for calculating theyears of life log in burden of disease andyses. They contain
information on the decedentsCage, education level, and the cause of desth; however, they
do not contain information on decedentsOincome, limiting anayses by sodo-econorric
status

The multiple cause of desth datafile and other deeth certificate datasets are not
obtained fromasample. Rather, these datasets contain information on all reported deaths
in the United States each year, so they are nat subject to randomerror. However, since
the precise cause of death is sometimes difficult to determine, and since the person filling
outtheform may misclassify the cause of death, some causes of death are subject to non
randomsources of error, and the data do not contain information onindividud risk
factors. Therefore, attributable risk estimates cannotbe obtained usngthese data. These
data are useful for tracking annud changesin mortality rates once attributable risk has
been determined via other sources.

NATIONAL MORTALITY FOLL OWBACK SURVEY (NMFYS)

This survey enhances death certificate information with a sample of responses
from next of kin who were familiar with the decedent’s life history. The latest survey was
conducted in 1993 and sampled the next of kin of persons who died in 1993 aged 15 or
older. Itis based on 22,957 death certificates and contains comprehensive socio-
demographic information, risk factors for disease, and health utilization. Blacks, persons
under 35, and women are oversampled. These data are limited by respondent bias and
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are considerably older than other sources of mortality data. However, they may be useful
in creating a model that calculates the risk of death attributable to a particular risk factor.

CENSUS OF FATAL OCCUPATIONAL INJURY (CFOI)

The CFOI, conducted by the Bureau of Labor Statistics’ Occupational Safety and
Health Statistics Program, is a collection of disparate state and federal data sources rather
than a survey per se. It identifies, verifies, and profiles fatal work injuries by cross-
referencing source documents, such as death certificates, workers' compensation records,
making it a good source of data on work-related fatalities.

ATTRIBUTABLE RISK

The attributable risk refers to the amount of additional risk of disease conferred
by having a risk factor for the disease. Foringance, therisk of heart disease isincreased
for people with a sedentary lifestyle, smokers, and overweight people, anong many other
factors (e.g., diet and gendics).

Some indicators will notrequire attributable risk calculations For ingance,
unde-immunization refers to sodety failure to administer measles, mumps, rubdla,
tetanus and other vaccines on an appropriate schedule to appropriate groups With
notable exceptions such as influenza virusand pneumococcal vaccines, mos vaccine
preventable illnesses are entirely attributable to under-immunization. When peaforming
calculationsfor vaccine preventable ilInesses, the burden of disease calculationswill
require inpus for vaccine efficacy and herd immunity effects but not the attributable risk
of illness. Mog LHIs, however, will require attributable risk calculations

Attributable risk can be applied in variousways. First, a smple estimation of the
burden of disease for variousdiseases or conditions attributable to arisk factor can be
obtained. The burden of disease attributable to arisk factor can then be determined by
summing across conditions We will refer to this approach as the Gimple approach.O
Second, logistic regression modds can be developed tha indudetherisk factor in
guestion and al or mog of the diseases and conditionsattributable to that risk factor as
variables.r” In this approach, a separate modd is developed for arelevant morbidity
dataset and arelevant mortality dataset. Theburden of disease is then estimated usng
resulting oddsratios (which can then beconverted to risk ratios).”® Findly, itispossible
to use acombinaion of daasets and, in some ingances, paameters from the medical
literature, to create a mathematical modd tha can berepopukbted with disease prevalence
or mortality dataonayearly basis. We will refer to the latter approach as the Gndirect
approach.O

SIMPLE ATTRIBUTION OF RISK

Theoveral propottion of disease in the popuktion attributable to therisk factor
may be obtained usng theformula:
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Equdion 1

where, l;isthetota risk in the popuktionand |, istheinddence amongpersonswithout
therisk factor. Thisis sometimes referred to as the popuktion attributable risk.

However, it is not always possible to obtain theinddence of a disease with and
withouta particular risk factor. Therefore, the prevalence of exposureto arisk factor and
therelative risk of disease may be used to obtain the popuktion attributable risk usngthe
formula

_ P¥(RR!1)
1+P¥(RR! 1)
Equéion 2

where P isthe prevalence of exposure and RR isthe relative risk of thedisease.

For the purposes of burden of disease measurement, it is sometimes convenient to
calculate the propottion of cases attributable to arisk factor among personsexposed to
therisk factor. For ingance, for the purpose of calculating burden of disease estimates
assodated with the LHIs, investigators may need to estimate how many tobacco users
developal heart disease as aresult of having smoked, rather than theoverall risk of heart
disease attributable to smoking. Thisis sometimes referred to as theattributable fraction
amongtheexposed, and it is accomplished usng theformula:

|
AR = RR!1
RR
Equédion3

While each risk factor may be assodated with multiple diseases (and even other
risk factors), these formulas allow for the calculation of therisk attributable to each
disease when independence across risk factors and conditionsis assumed.”® Theburden
of disease dueto each risk factor can then be summed across diseases.

To inarease the specificity of this approach, it is possible to calculate arisk
schedule for variouslevels of expoaure to arisk factor. Forindgance, if nisaparticular
level of exposure (e.g., acholesterol level of 200to 240), then Equéion 2 becomes:

" P¥(RR! 1)
AR = —=!
1+" P¥(RR! 1)

n=1

Equédion4

If multiple risk factors are present, counting burden of illness from each one
separately may overestimate the total burden of illness since independence is a tenuous
assumption. To apply equation 4 to LHIs for which exposures overlap (i.e. exercise and
tobacco use), information on joint exposures is needed. Where this is not available, a
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more conservative approach may be to simply exclude overlapping exposures.”” Age-
stratification will pose additional challenges, and appropriate age intervals must be
determined by estimating the sample size in various age intervals across datasets.

Theadvantage of this approach isthat it isrelatively trangaent. The
disadvantageisthat it is difficult to determinetheextent to which multiple diseases,
conditions and risk factors overlap. It may also bemore resource intensive than deriving
risk usng regression anayses.

USING REGRESSION ANALYSIS

Thepropottion of prevalent cases of a disease attributable to any given indicator
may be calculated usgng naiondly representative datasets, controlling for covariates via
logistic regression andysis. Foringance, Mug et al calculated prevalence oddsratios
(POR) for multiple conditionsassodated with obesity, for personswith varying body
mass indices, relative to personsof nommal weightusng daa obtained from the
NHANES I11.*" (A POR is an oddsratio congructed from prevalence rates rather than
inddencerates.) Outcomes were then adjuged to prevalence ratiosusng methods
forwarded by Zhangand Yu.*®

They examined the prevalence of typell diabees, gdlbladde disease, coronay
heart disease, and ogeoarthritis among pesonsfaling into variousNationd Heart, Lung,
and Blood IngitutesOweight classifications Thismode controlled for age, smoking
status race, and ethnicity. Theadvantage of uanglogistic regresson moddsistha it is
possible to control for such sodo-demographic covariates as well as comorbid conditions
in calculating prevalenceratios This method has been employed to test the effect of
health insurance status on both morbidity® and mortality” and will bereferred to in this
report as the Gegression method O This method may be appropriate when andyzing a
single risk factor for multiple conditions(e.g., smoking).

One issue that arises when looking at multiple conditions or risk factors is
whether the risk factors are independent and additive in conferring risk of disease. For
instance, it is important to determine whether the risk of a coronary death for someone
who is both obese and a smoker can safely assume that these variables are independent.
When definitive information regarding risk factor independence is absent, expert opinion
may serve as a useful starting point for estimating the contributions of different risk
factors to disease.

This approach may bebest employed when 1) a daaset is available that contains
therelevant risk factor and all relevant conditions 2) the sample size of thedaaset is
adeguae, and 3) themodd can bevaidated usng standad distributond and
probabilistic tests used in logistic regression andyses. Mog federal datasets require the
use of software packages that can andyze complex sample schemes, such as SUDAAN
or STATA.

Advantages of this approach indudeitsrelative smplicity and theability to
ddineate interactionsand error more objectively relative to other approaches.
Disadvantages indudetheinability to apply the approach to all indicators, theinability to
accountfor error in burden of estimates across daasets (i.e., the extent to which theuse
of onedataset mightdifferentially favor some effects arisk factor has on disease
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estimates when oneddaset is used relative to another daaset), and theinability to
estimate all effects when the sample sizeis small or themodd isimperfect.

Oneissuetha arisesin applying theregression approach to nationd datasetsis
the compromise between trackability and nonrandomerror of variousdatasets. For
ingance, while few experts dispute tha the NHANES is the best dataset for calculating
theattributable risk of overweight and obesity (since health professionds measure height
and weightin this study), it may not be as ussful for tracking disease on an annud basis
as surveystha are broadly applied to the popuktion on an annud basis. TheNHIS
requires subjects to self-report thar heghtand weight, butit is conduded on an annud
basis, allowing datato beeasly tracked. One modestly resource intensve method of
circumventing this problem would beto use theNHANES to validate modds generated
from theNHIS or the MEPS, an areain which work has aready been done? Werewe to
extend this approach by induding multiple datasets to increase the breadth of variables
and to cross-validate theresults, we would ohtain theindirect approach to deriving
attributable risk, which is much more resource intensve.

USING THE INDIRECT APPROACH

It can bearguel tha theattributable risk of disease may not vary agooddedl over
therelatively short ten-year period for which Healthy People 2010is conduded, and that
theuse of asingle, well-designad indirectly derived (or static) modd can providea sturdy
skeletal framework for capturing the burden of disease. In theindirect approach, a static
attributable risk modd is built usng multiple sources of data. This modd can than be
popukbted with annud disease prevalence and mortality daa, so tha the burden of disease
can betracked from year-to-year.

When attributable risk modds are built usng the best combinaion of data sources
available, the specificity of theandysis may beenhanced. Itisalso posibleto use
multiple datasets to cross-validae uncertain parameters, such as HRQL values or salf-
reported rates. Y ear-to-year changes in theburden of disease may then be measured by
tracking changes in the disease prevalence ratio (or inddence rates) and mortality rates.

Cross-vaidaion can be achieved by compaing values generated usng different
datasets. For ingance, the HRQL of tobacco users can be obtained by generating values
fromthe YHL measure, which islinked to the NHIS, and the EuroQol (another HRQL
measure that is described in detail bdow), which islinked to the MEPS. Unde the
guidance of experts, these scores can be used to olbtain arangeof error and a best-
estimate of the HRQL and attributable risk.

It may also bepossible to utilize variables tha have been mapped across datasets
or to obtain estimates from the medical literature®®?* when more informationis nesded
than isavailable from a solitary source. However, thetype of error inhaent to adaa
varies grestly across datasets and not all authors present results of andyses with and
withoutsododemographic covaiates tha may berelevant for Healthy People 201Q such
asrace and income, limiting the usefulness of such an approach.

The advantage of theindirect approach isthat it addsflexibility by increasing the
variables available to researchers and may improve validity by providingaroughrange
of error. Disadvantagesindudetheintengve naure of theandysis and theinability to
measure main effects in any modd with certainty. It can aso beargued tha adynamic
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relationship exists between risk factors for disease tha cannotbe accountd for in a
single sngpshot of disease prevalence attributable to a particular risk factor. For example,
more African-Americansappear to beexercising while ssimultaneous and paradoxical,
increases in obesity and smoking have been reported for this group? Reliance upon
attributable risk modds derived usng theindirect approach may therefore bdie the
objective of tracking the nation® progress toward improving the LHIs. Nonehéess,
such modds are likely to be needed when the simple or regression approaches cannotbe
employed.

MORBIDITY

To begin adiscussion of the morbidity component of a burden of disease andysis,
it is necessary to describe how morbidity is combined with years of lifelog in estimating
theburden of disease. Hedlth-adjuded life years are calculated by combining the amount
of time lived with disease or a hedlth condition with years of full hedlth log when a
person dies of a condition. Each year of lifelived with disease is assigned a HRQL
weightthat assumes avalue between 0 and 1. Depending on howthemeasure is
calculated, 1 iseither equd to full hedlth (asinthe QALY) or death (asinthe DALY),
and O isassigned to theconvese state. For indance, inthe QALY, 1isassignal a state
of full hedlth and the HRQL score 0.75is equivalent to 0.75 years of full health.*®

Thedeails of HRQL weight assignment have been described in detail
elsawhere*® butit isimportant to note tha there are two stepsin this process. Oneisthe
description of a hedlth state, either by the person experienangit or by researchers. In
describing the hedlth state, scenariosor hedlth state descriptionsare used to describe
domainsor dimensonsthat are commonly viewed as central to health. These might
indudephyscal and psychological fundion, role fundion, and pan or other symptoms.

After ahedlth state is described, it needsto bevalued. Vaudionisaccomplished
in a number of ways. For ingance, in the standard gamble, a subject is asked to choo®
between an undesirable state of hedlth (e.g., living with diabetes) and a gamble between
full hedlth and desth. Thechance of death is varied untl the subject is ambivalent
towards choosng thetreatment ove theundesirable hedlth state. The probability of
desth tha is acceptable to the subject is equd to the HRQL score.

We will demondrate the princple of weightingusng an example. Peopleliving
with diabetes might be assigned a QALY -compatible HRQL vaueof 0.75for every year
lived with thedisease. Thus if 1000people aged 60 are living with diabetes and ther
life expectancy with diabetes at age 60is 10years, they would beassignad 1000¥0.75 ¥
10years = 750years of full health. Convesdly, if the DALY were employed, it can be
said tha 1000X 0.25 = 250years of full health are log to diabetes.

To improvethe specificity of the HRQL score, it may bedesirable to capture
changesin HRQL assodated with multiple conditions such as people who have diabetes
as aresult of bengoverweightor obese (indcator 2). Obese personsmay plausbly have
alower than average HRQL score. Were it possible to capture both of these effects
simultaneoudy, a person with both diabetes and obesity may have an HRQL of less than
0.75. Some measures and techniques are better suited to capturing multiple conditions
Thiswill bediscussed after reviewing potential sources of HRQL scores.
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SOURCES OF HEALT H-RELA TED QUALI TY OF LIFE SCORES

Here, we will discuss three common sources of HRQL scores that have been used
to calculate HALY s or HALE in burden of disease andyses. First, HRQL scores may be
obtained by linking naiondly-representative surveysto generic preference-weighted
HRQL ingruments.'* This approach was used to generate HALE in Healthy People
20002 Second, it is possible to utilize acommunity sample of weights as a primary
source of HRQL weights. For ingance, Health Canadapresently uses values obtained
fromtheHealth Utilities Index (HUI), a QALY -compatible measure based on a sample of
community preferences, to calculate cause-ddeted HALE.™ Findly, theDALY utilizes
lists of values generated by professionds to calculate HALYs.®

Generic preference-weighted HRQL ingruments are essentially survey tools tha
are linked to a sample of community-derived preference weights. These ingruments
typically ask respondents questionsconaerning varioushealth states, which are grouped
into anumber of different dimengonsof hedlth; different indruments capture different
dimensonsof illness. (For an example of such an indrument, see theEuroQol in
Appendix 3.) Thevalues entered into theingrument are then assigned anumerical score
tha is mathematically combined with respongs to other questionson theingrument to
derive an HRQL score.

Thedifferent ingruments, which indudethe HUI and the Qudity of Well-Being
Scale (QWB), and the domeinsthey capture are described elsewhere.®® To maximizethe
specificity of HRQL scores, the match between thedimensonsof theillness unde study
and the dimendonscaptured by the preference-weighted ingrument should overlap.
Since different ingruments capture different dimensionsof an illness, health economists
have advocated careful selection of ingruments in andyses of particular diseases when
they are applied to cog-effectiveness andyses.*® However, in burden of disease andyses
tha focuson many different diseases and conditions the use of different methodsfor
eliciting HRQL scores may affect the comparability of each andysis®® Therefore, it may
be preferable to use a single measure.

The Short Form-36 (SF-36)° is a commonly used health measure tha conssts of
a series of questionsthat capture fundioning, feelings abilities, and attitudes. This
measure, which is available in abbreviated forms induding the SF-12,isbased ona0 to
100nortinterval scale tha cannotbedirectly used as a summary measure. Ingead, this
measure has been used to graphically represent both morbidity and mortality by
presenting survival curves coupled with curves representing mild, modeate, and severe
levels of morbidity.”” More promisingly, the SF family of measures has been modified to
indudedesath as an anchor point and has been combined into a unitary measure of
morbidity in an ingrument called the SF-6D, which can utilize data from health surveys
containing SF measures.?® The SF family of measures has also been extrapolated onto the
QWB scale, a QALY -compatible measure.”

The DALY utilizes weights obtained from person trade-off exercises administered
to hedlth professionds. Here, informants are asked how many people would need to be
cured of apaticular disease to equd thesaving of alife. These weights were then used
to devise scoresfor alargelist of conditions The Centers for Disease Control and
Prevention (CDC) recently developed DALY weights for diseases and conditions
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assodated with thefollowingrisk factors: tobacco use, alcohol use, unsafe sex, obesity,
and physca activity (McKennaN persond communication).

Lists of scores have also been extracted from themedical literature in an effort to
compile a complete catalog of HRQL weights at Harvard University.*® This catalog
containsweights derived from a variety of different ingruments and methods so the
scores contained therein are notcomparable. We will therefore focus on daaset-linked
measures and the DALY measure in this report.

DATASET-LINKED MEASURES

Asof 2001,the MEPS began induding the EuroQol ingrument amongits survey
items. Thisinitia step permits adescription of the health states experienced by persons
sampled therein. Coonset a will begin collectingU.S. preference weightsfor the
EuroQol in early 2002,and results are expected to be available in 2003(CoondN persond
communication). Once preferences are available, it will also beposible to link them to
the EuroQol health states described within the MEPS sample. Thiswill provide
information aboutweights or values, ona scae of 0-1, tha are assodated with the
diseases and/or conditionscontained within the MEPS survey. Using this measure, it will
bepossible to calculate and track theHALE of thenonringitutiondized civilian
popuktionin theUnited States as well as the contribution of particular diseases to the
overall disease burden.

In Healthy People 2000,the HALE of the popdationin general was calculated
usngthe YHL measure, which was based on theHealth and Activity Limitation Index
(HALex)." Hedlth-related qudlity of life scores were obtained usng a techniquecalled
correspondence andysis, which extrapolated responses on hedlth statusand role fundion
fromtheNHIS onto a preference-weighted ingrument. By linking respongs obtained
fromtheNHIS to theHUI usng correspondence andysis, it is possible to capture co-
morbid conditions Still, correspondence andysis has yet to bevalidaed, it isonly
community preference weighted viaits assodation with theHUI, and relatively few
hedlth dimensonsare captured by this measure.

The MEPS and the CTS contain questionsspecific to the SF-12, asubset of the
SF-36 questions The SF family of measuresiswiddy used in theclinical and research
settings and it may also play an important role in mapping data from onedata set to
another. Methodsforwarded by Fryback et al,* which allow for linkage between the SF
guestionsand QWB scores, or, aternaively, the SF-6D, may be used to generate HRQL
scores from datasets containing the SF-36 or subsets of SF questions

In some ingances, the EuroQol/MEPS linked data, YHL/NHIS daa, or SF-based
HRQL ingruments may permit the calculation of HRQL for each LHI either usng
regression modds or usng theindirect approach. Aswith calculation of prevalence
ratiosugng nationdly-representative daasets, the sample size of the MEPS and the
selected number of conditionsavailable fromthe NHIS limit anayses of multiple
conditionsand the generation of age-specific scores for less prevalent conditions
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| SSUES AND APPROACHES TO CAPTURING HRQL

Two issues tha arise when consdering HRQL scores are whether the measure
captures co-morbidity and whether existing daaset-linked measures are adequée for
capturing both disease prevalence and HRQL. In theexample above we saw that it
would bedesirable to capture changesin HRQL dueto both diabetes and obesity. When
preference-weighted generic indruments are used, both of these effects may be captured
when entering values for varioushedth domains For ingance, a severely obese person
may have more mohility limitationsthan the average diabetic.

Murray and Lopez®* recommend capturing co-morbidity by summing DALY
scores unde the assumption that co-morbidity is additive; however, this assumption has
not been tested, andit is unlikely to be accurate since many conditionsare likely to
overlap *

Theuse of apreference-weighted generic ingrument tha has been linked to
variablesin naiondly representative surveys, such as that planned for the EuroQol,
would circumvent many of the problems assodated with comorbid conditions Measures
linked to nationdly-representative datasets add specificity to theandysis by accouning
for mog co-morbid conditionssubjects might have, regardless of exposure. Thus in
addition to accouning for changesin HRQL for mog conditionsassodated with a
paticular expoaure, it would be possible to compare the HRQL of pesonswith a
sedentary lifestyle with the HRQL of the average personin the US (i.e., with a score less
than 1) rather than a personin full health.

While the prevalence of iliness may vary fromyear to year, theoverall health-
related qudity of life of individuds afflicted with a particular condition can be expected
to vary little, since this measure is based on an individud® perception of iliness. Though
the severity of mog conditionsmay vary dightly, this may not have alargeimpact on
HRQL fromoneyear to thenext. Therefore, it may be acceptable to apply scoresthat are
not tracked from year-to-year, such as DALY weights. Theuse of such scores, however,
may limit the ability to capture changesin health beliefs or disease severity over time.

Obtaining HRQL informationfor all of theLHIs presents a special chdlenge
since few daasets are linked to HRQL measures. Oneway of approaching HRQL
estimates would beto utilize multiple datasets containing the SF family of scores. For
ingance, if the CTS were to beused to assess morbidity assodated with poor
environmental qudity, it would be possible to generate both disease prevalence estimates
and changes in HRQL usng this dataset.

MORTALITY

Thecalculation of unadjuged years of life log dueto each conditionisless
controversial than approaches to the calculation of attributable risk or HRQL. Lifetables
produee reliable estimates of life expectancy and may be employed to calculate the
HALE for pasonswith a particular condition or risk factor.>**** Formulaic approaches
indudemathematically-derived curves tha estimate life expectancy as well asthose
anchored onaidedl life expectancy, used to calculate DALYs.* Rosenbeg et a review
varioustechniques, induding theuse of Bayesian andysis.*
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Theestimation of the aggregae risk of mortality dueto a particular indicator is
not possible usng death certificate detaalone since such data do notcontain data on
expoaure to risk factors. Therefore, there isnoreliable way of tracking changesin the
risk of death attributable to a patticular risk factor on ayear-to-year basis. Sources of
risk factor-assodated deaths such asthe Nationd Mortality Followback Survey or the
NHANES | and |1, may beused to attribute risk of mortality in aggregate to some of the
indicators.

USING LIFE TABLES TO CALCULATEHALYS

Erickson et al describethe use of the YHL measure for calculating HALE in the
United States.™ It isalso possible to utilize the HRQL scores from the EuroQol, to use
SF-12/36 daalinked to the QWB or the SF-6D, or to utilize community samplesto
capture the overall health of the United States population *?*** Disease-specific HRQL
scores may be used to estimate cause-ddeted HALE usng any measure, induding the
DALY .*' For aworked description of calculatingHALE dueto a specific condition or
cause-ddeted life expectancy, Muennig and Gold.** Wolfson also provides an excellent
overview of HALE.™

To health-adjud life table values, thetotal number of person-yearsin any given
ageinterval in an abridged life tableis smply multiplied by the HRQL score of interest.
HALE isthen calculated for personswith and without the condition(s) of interest as
follows:

HAL Epopuiation - HAL Episease
Equédion5

where QliseaseOrefers to the condition of interest. For a complete description of standard
life table methods see Andeson®

UsING DALYSs

Thenumbe of DALY slod to aparticular condition is calculated usng the
formula

TheYearsof LifeLog (YLL) + TheYearsLog to Disability (YLD)
Equédion 6

whee YLL isthetotal yearslod to thedisease, and YLD isequd to theprodud of the
time spentin ahedlth state and the disability weight.®*

Inthe DALY, thedisability weightutilizes O asfull health and 1 as degth, such
tha the produd of the DALY HRQL score andthetime in the hedlth state yieldsthe
years of lifelod to disease. When aHRQL score assodated with QALY sisused, the
score may be subtracted from 1 and then subgituted into Equéion 6. A deailed
descripgtion of theuse and theory of the DALY measure may befoundin Murray and
Lopez.
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The CDC is nearing completion of a DALY -based US-specific burden of disease
andysisfor variousrisk factors and conditions tha overlap with those discussed here.
Risk factor andysesindudetobacco use, acohol use, unsfe sex, obesity, and physcal
activity (McKennal persond communication). Conditionstha undeflie some of the
indicators of Healthy People 20100r are themselves indicators indudeischemic heart
disease, stroke, neuropsychiatric disorders, diabetes mellitus, cancer, HIV/AIDS, and
injuries. Inall, theCDC andysisindudes all indicators but environmental qudity
(indicator 8), immunization (indicator 9), and health care access (indicator 10).

| NDICATOR-SPECIFIC | SSUESAND APPROACHES

In this section, we suggest ways of synthesizing disease prevalence, HRQL, and
mortality data and addressing issues and approaches specific to each of the10LHIs. We
draw heavily from thelessonslearned, data sources, and other information provided in
Healthy People 2000.

Theoptima methodobgical approach and data sources will vary fromindicator to
indicator; no uniform methodis currently available for estimating the burden of disease
assodated with al indicators. Moreover, we do nat suggest which approach isoptmal,
butwe do highlightrelevant methodobgical consderationsand dataissues. Table 2 lists
possible sources of daa by indicator. Conaultation with expertsin each of these areas
was beyondthe scopeof this pgoer, butit may beimportant to indudesuch conaultation
when tabulating the burden of disease dueto theLHIls.

In some ingances, it may not be necessary to indudeall of the conditions
assodated with therisk factor in theandysis, since some conditionscontribute little to
theoverall burden of disease assod ated with a particular risk factor. When usng
regression modds to attribute risk, induson of minor conditionsmay notbe possible due
to sample size limitations Since theduration of acute conditionslimits thar contribution
to sodetal morbidity, acute conditionsmay only be relevant in ingances in which the
prevalence ratio or mortality rate assodated with them is high. Throughoutthis section,
we also attempt to highlight those conditionswhich may beless relevant based onthar
prevaence, severity, or duration.

PHYSICAL ACTIVITY

Between 14 and 23 percent of all premature deathsin the United States may be
assodated with physcal inactivity.?**® Physical activity has been shown to reduce the
risk of heart disease, diabetes, and highblood pressure. 1t may reduce therisk of other
diseases or condition other risk factors as well 3%

Physcal activity is currently regularly monitored in the NHIS, which asks
respondents aboutdifferent levels of exercise peformed andisaso induded in the
NHANES. These daa may be used to obtain prevalence ratios and attributable risk data
for heart disease, overweight and obesity, diabetes, colon cancer, and high blood
pressure. By linking NHIS and MEPS daa, it may be possible to generate overall HRQL
scores for personswho do and do not paticipae in exercise, after controlling for
covaiates usng any of themethodsdescribed in the Morbidity section above
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Since many of theconditionsassodated with physcal activity and obesity are
smilar, asingle multivariate modd could be used to determine attributable risk and
HRQL scores for each indicator. Relevant dependent and independent variables could
then be subgituted. It is also possible to calculate therisk attributable to each condition,
or to combine multiple datasets with the medical literature via theindirect approach
mentioned in the Morbidity section above*

OVERWEIGHT AND OBESITY

Overweight and obesity increase therisk of heart disease, stroke, diabetes,
gdIbladde disease, hypatensve disease, and possibly other illnesses and conditions®
The burden of disease and the attributable risk of these conditionsmay be examined one
by one cumulatively usng a single regresson modd, or viatheindirect approach.

Thecalculation of the prevalence of overweight and obesity may be obtained
fromtheNHIS and/or theNHANES. Health-related qudity of life information for
specific conditionsis available from MEPS/EuroQol daa, theYHL, or SF-36
extrapolated measures. Mortality risk may be estimated usngthe NHANES or the
Mortality Followback survey.

The prevaence of overweight and obesity obtained from the NHIS undeestimates
prevalence values for this condition obtained fromthe NHANES.? Therefore, it may be
useful to obtain theinitial attributable risk calculationsand burden of disease estimates
fromthe NHANES, and then track adjuged valuesfromthe NHIS. Alternaively, this
information may be calculated usngtheNHIS or MEPS for annud monitoring purposs
with the caveat tha the self-report data may bias the results of theandysis.

TOBACCO USE

Tobacco useis assodated with cancer, heart disease, chronic obdrucive
pulmonay disease, and stroke, and it may accountfor as many as onein five degthsin
the United States.”** The preva ence of tobacco use may be obtained fromthe NHIS,
MEPS, or the NHANES, and theattributable risk of theleading conditionsassodated
with its use may aso beohtained and tracked usng any of these daasets. In an earlier
cog-effectiveness andysis, QALY s were calculated for smokers, non-smokers, and
former smokers usngthe YHL measure;** it will also be possible to perform these
calculationsusgng the MEPS.

Aswith other broad indicators, conditionsmay beexamined individudly, abest
baseline estimate may be obtained usang theindrect approach, or theoverall risk may be
assessed usgng asingle modd. Whether to capture less prevalent conditionsassodated
with tobacco use (e.g. bladde cancer) dependson the extent to which capturing these
conditionswould impact sufficiently uponthe overall burden of disease estimate to
judify the additiond effort, or requirements for other data sources.

SUBSTANCE ABUSE

Healthy People 2010indudes alcohol and other illegd drugsunde therubric of
subgance abuse, but it separates tobacco use into a separate header. Theleading
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conditionsassodated with morbidity and mortality dueto subgance abuse indude
HIV/AIDS, motor vehicle accidents, cirrhoss, and other less prevalent or acute
conditions? The calculation of theburden of disease dueto subgance abuse presents
uniquechdlenges given tha theinddence, prevalence, and mortality rates of these
conditionsare not tracked in themos common nationd datasets.

The NHSDA, which containsboth inddence and prevalence daa of non-medical
drug use, all relevant sodo-demographic variables, and some conditionsassodated with
drug use, may bethebest source of prevalence daa. It may bealso benecessary to
estimate morbidity and mortality dueto subgance abuse viathe medical literature and
expert estimationsof therisk of conditionssuch as HIV, AIDS, endoarditis, automobile
accidents, workplace accidents, and cirrhoss attributable to subdance abuse. Therefore,
theindirect methodof estimation is perhgpsthe mog useful approach to burden of
disease estimationsfor thisindcator.

Importantly, subgance useitsalf islikely to result in decrementsin HRQL. While
we were not able to find a source of HRQL scores specific to subgance abuse, it may be
possible to estimate this HRQL value usng preference-weighted generic indruments that
capture role fundioning and mental illness usng expert opinion.

SEXUAL BEHAVIOR

The burden of disease contributed by acute infectiousconditionsmay be small
relative to HIV/AIDS, since they are either of short duration or are asymptomatic and
lead to little mortality. With the exception of pdvic inflammatory disease and an
increased risk of ectopic pregnancy, acute STDs are also assodated with few
complications Syphilisand assodated conditionsmay lead to severe longterm illness,
butthe prevalence of this disease is less than 0.004 percent.*

HIV/AIDS is prevaent, affects youngpersons andisincaeasingly tranamitted
sexudly to women of reprodudive age. Theextent to which HIVV/AIDS or protease
inhibitorsincrease risk for other chronic conditions may merit indusonin aburden of
disease andysis, as might highly prevalent acute conditionssuch as Chlamydia.

It will notbeposible to generate HRQL or prevalence estimates for sexudly
trangmitted diseases usang naiond daasets, such astheNHIS or theMEPS. The
prevaence of HIV/AIDS and othe sexudly trangmitted diseases may be estimated from
themedical literature, however, and surveillance data may beused to track changes from
year to year. The BRFSS containsa set of questionspertaining to therisk of contracting
the disease and whether or not subjects had received counsling. Death certificate daa
may be used to calculate mortality rates.

MENTAL HEALTH

Mental disorders are common and varied, the mog prevalent being major
depressive episodes, panic disorder, manic episodes, agoraphobi, sodal phobe, smple
phobg, pog-traumatic stress, generalized anxiety disorder, schizophrenia and other
nondfective psychoses. Capturing the burden of disease dueto the large array of
disorders poses special daachdlenges aswell as design chdlenges. Moreover, thereis
growing evidence tha mental illness, especially mooddisorders, may increase the overall
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risk of comorbid conditions such as heart disease.”® Thereis also evidence that these
conditionsare linked to subgance abuse, induding tobacco use.*’

Thewidevariety of menta illnesses coupled with few naiond survey data also
presents a chalenge® While surveys such as the MEPS and NHANES contain some
information on psychological fundioning, these surveys are not adequaely
comprehengve to capture either the prevalence or the HRQL assodated with the breadth
of mental illnesses specific to thisindicator. The EuroQol collectsinformationon
anxiety, depression, self-care, and usud activitiesbBdimensonstha may capture some
aspects of mental illness. Datafrom the SF-12 contained within the MEPS may be useful
for augmenting information on mental health. Datalinked to other surveys, induding
community samples, may be mapped to larger daasets or useful on their own (see
discussion of theindirect methodabove). It may also be useful to andyze variables
specific to depression contained within the NHANES to obtain therisk of non-mental
illness attributable to depression, as well as depressionitself. The NHSDA containsdaa
relevant to subgance abuse and mental health. Theextent to which mortality from suicide
can be ascertained usng desth certificate daais unknown, butit islikely to be
undereported.

Onebright point in terms of data availability isthe Nationd Co-morbidity Survey
(NCS), which collectsdaaugng DSM IIIR and DSM |V criteriaas well asthe
Composte Internaiond Diagnogic Interview. This survey waslast conduded in the
year 2000and may be used to estimate the prevalence of these conditions However, this
survey isonly conduded periodicaly, presenting monitoring chdlenges. 1n addition,
there is significant morbidity assodated with subsyndromal mental illness.* These daa
may beandyzed alongsde, or mappel to, other datasets, such as Beaver Dam and local
mental hedlth studiesif theindirect methodis employed.

INJURY AND VIOLENCE

The NHIS collects data on episodes of injury. TheBureau of Labor Statistics
(BLS) maintainsthe ASOII, which is useful for obtaining prevalence estimates and the
CFOI, which isuseful for tabulating fatalities. The CFOI may contain less
misclassification bias than death certificate data. Preference weights may beobtained in
aggregae fromthe MEPS or theNHIS. TheBLSdaaindudevariables pertainingto
workplace violence. 1t may benecessary to estimate the episodes of violence outside of
theworkplace from theliterature. Theinputof experts will be needed to estimate the
extent to which such episodes can betracked usng Depatment of Judice daasets and/or
the extent to which reports of injury capture episodes of violence.

Theheerogendty of injuries presents problems with respect to tabulating HRQL,
unlessinjury is measured in aggregate usng regresson modds. However, an episode
by-episodeapproach may still bepossible if only prevalent conditionsare examined.
Since injury and violence are episodic, cross-sectiond surveys will not capture changes
in HRQL unlesstheinjury is of longduration or the acts of violence are ongong.



Page 21 of 36

ENVIRONMENTAL QUALITY

Oneway of estimating the burden of disease dueto environmental illnessesisto
build a multivariable or multivariate regression modd that utilizes geographic regionsas
theunit of andysis, pollutionindices and other environmentally-related variables as one
of the dependent variables, and environmentally-related illnesses (in aggregate) as an
indgpendent variable. Thistypeof andysis, referred to asasmall areaandysis, is
susceptible to ecological bias. Theadvantage of asmall areaandysisistha variables
from two or more urrelated datasets may be morereadily used in theandysis.

It isalso possible to condud individud level andyses utilizing environmental
variables as covaiates. SUDAAN or STATA may beused to adjud for differentialsin
aggregaion. While this approach offers theadvantage of increasing the specificity of the
andysis, it may bedifficult to link individud-level data with multiple pollution indices
from different datasets. Oneway of managing this problem isto assign a severity score
to geographic identifiersin datasets.

While some nationd datasets, such asthe MEPS, contain information on subjectsO
Metropolitan Statistical Area(MSA), small area analyses may belimited by sample size
unless variables common to many daasets are used in theandysis. The CTS may prove
to beuseful for andyses of environmental factors. Thesurvey indudesthe SF-12 and
relevant sodo-demographic variables. Death certificate data may be employed for
either small areaor individud level anadyses of mortality. Death certificate data, which
are not assodated with information onindividud risk factors, may be employed in
environmental anayses because therisk factorsin these andyses mug be obtained from
seconday data sources.

IMMUNIZATION

Thecalculation of the burden of disease dueto under-immunizationislimited by
undereporting in the National Electronic Surveillance System (NESS), which is the
primary source of surveillance data. ThoughtheNHIS, MEPS, and BRFSS are limited
by recall bias (for which acute diseases are especially susceptible), it is possible to obtain
reasonable estimates of common vaccine-assodated conditions such asinfluenzavirus
infections usngthese data. Roughestimates of uncommon conditionsmay be obtained
usng NESS daa coupled with literature on undereporting in passive surveillance
systems; however, these conditionsmay betoorare to meritindusonin an andysis.

Themajority of fatal vaccine preventable ilinesses are dueto unde-immunization
of chronically ill or elderly persons who should receive theinfluenza and pneumococcal
vaccines. Cog-effectiveness andyses have been conduded on both of these conditions
which indudean estimate of the overall burden of disease dueto these conditions®*** In
these andyses, theduration of illness was a critical variable and was obtained fromthe
medical literature.

Duration of illness estimates are complicated by the availability of treatment
options herd immunity (which affects the susceptibility of the overall popuktionto
illness), and varying time intervals separating the onset of illness and the onset of
trestment. For example, the duration of pneumococcal infectionsmus be estimated
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amonga cohott of personsreceiving antibiotics at different intervals, and these intervals
may vary by sodo-demographic predictors.

Because the magjority of vaccine-preventable diseases are short-lived, cross-
sectiond surveys cannotbeused to estimate the HRQL scores. Therefore, it will most
likely be necessary to obtain these scores usng preference-weighted generic ingruments,
orto utilize DALY weights.

It may nat be possible to measure the HRQL or inddence of these conditionsin
aggregae, so it may be necessary to tabulate the burden of disease dueto these conditions
on adisease-by-disease basis. Themortality rate attributable to unde-immunization for
conditionsthat are assodated with seconday illness (e.g., influenza) may require
estimationsof excess desths  Excess desths are calculated by subtracting thenunmber of
deaths dueto the condition at hand and conditionsassod ated with theillness during
seasons of low inadence from those tha occur during from deathstha occur during the
season of pesk inddence. For ingance, excess deathsdueto influenza-assodated
condtionsare calculated by subtracting thetotal desthsdueto influenza during the peri-
influenza season from those occurring during influenza season >

ACCESSTO CARE

The CTS, NHIS, MEPS, and the CPS contain information on insurance status as
well as other variables specific to access to care. The MEPS and/or the CTS may prove
to be especially useful for constructing a multivariable regression analysis that tabulates
the overall prevalence of illness and HRQL among persons with access to care and who
lack access to care after controlling for socioeconomic and other demographic covariates.
The NHANES and National Mortality Followback Survey may be utilized to obtain the
relative risk of mortality due to lack of access to care after controlling for covariates.

The foreign-born population presents a methodological challenge in such an
analysis since it consists of over 10 percent of the population, is healthier than the native-
born population, and 40 percent of the population lacks insurance.”*** Though birth
outside of the United States can be measured using death certificate data, only the
NHANES contains country of origin data. Therefore, it may be useful to conduct a
multivariable regression analysis using NHANES data alongside an analysis using MEPS
data. This would provide information on the extent to which the foreign-born population
biases the estimates.
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Table 2. Potential sources of data and HRQL measures for calculating the burden of
disease for each of the 10 Leading Indicators of Health.

Indicator Prevalence HRQL HRQL Mortality
(conditions) (overall)
Physical NHIS, MEPS, DALY, MEPS, YHL, Death Datafile,
Activity NHANES YHL SF-Measures NHANES,
NMFS
Overweight/ NHIS, MEPS, DALY, MEPS, YHL, Death Datafile,
Obesity NHANES YHL SF-Measures NHANES,
NMFS
Tobacco NHIS, MEPS, MEPS, DALY, MEPS, YHL, Death Datafile,
NHANES YHL SF-Measures NHANES,
NMFS
Substance NHSDA Preference-weighted generic Death Datafile
Abuse instruments or mapped data. (For some
conditions.)
Sexual Literature, MEPS, DALY, None Death Datafile
Behavior BRFSS YHL
Mental Health NCS, DALY SF-Measures Death Datafile,
NHANES NHANES
Injury and NHIS, MEPS MEPS, DALY, MEPS, YHL, Death Datafile,
Violence YHL SF-Measures NHANES,
NMFS, BLS
Environmental CTS, NHIS, MEPS, DALY, MEPS, YHL, Death Datafile,
Quality MEPS, YHL SF-Measures NHANES
NHANES
Immunization NHIS, BRFSS, DALY, Generic Not applicable = Death Datafile,
Surveillance preference- NHANES,
data weighted NMEFS
instruments
Access to Care  MEPS, NHIS, Not applicable =~ SF-Measures Death Datafile,
BREFSS, CTS via CTS, NHANES,
MEPS, YHL NMFS
SUMMARY

Burden of disease analyses provide information that is easy to present and
understand. They also provide sufficient information to rank conditions by their overall
societal impact. While burden of disease analyses greatly improve the presentation and
usefulness of health information, the difficulties associated with attributing risk, finding
adequate data sources, and estimating burden of disease in a methodologically consistent
fashion across indicators is not trivial.

First, flexibility may be required in estimating burden of disease inputs. While no
one approach is likely to be sufficient for estimating the burden of disease due to all 10
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LHIs, regression models may be useful for many of them. Likewise, it may be possible
to calculate the overall burden of disease due to the conditions underlying each indicator
and then apportion these estimates among indicators using attributable risk formulas.

Second, some indicators present unusual methodological challenges. For
instance, tabulation of the burden of disease due to sexually transmitted disease may
require the use of non-annual datasets, expert opinion, limits on the number of conditions
examined, and/or broad assumptions on the part of the researchers. Other indicators may
require the input of experts in the design of the burden of disease analysis, into the
nuances of the characteristics of disease within society, and in estimation of unknown
parameters.

Third, differences in how HALY's are calculated remains a fractious area of
discussion in the literature.”® The decision surrounding whether to use DALY or
QALYs (and if QALYSs, what HRQL score scheme to use) in tracing the LHIs has
implications for the comparability of efforts across US agencies and across nations.

For example, the World Health Organization primarily relies upon the DALY for
burden of disease estimates.”’ The advantages of the DALY are that it is easy to use and
allows for international comparisons. Disadvantages include the use of professionally
derived HRQL scores, the unavailability of HRQL scores for various conditions, the
inability to fully capture comorbid illness, and the lack of a dynamic mechanism for
tracking changes in HRQL.

Approaches that utilize QALY's afford more specificity with respect to HRQL,
offer the ability to capture comorbid illness, and may be used to dynamically track the
HRQL of a population. The use of the EuroQol within the MEPS will allow a better
understanding of the health status of Americans in comparison with a number of other
nations, where this information is already available.

It is also possible to combine these various approaches to deriving HRQL scores
and calculating the burden of disease. However, amalgamated methods shed some of the
advantages of traditional approaches. For instance, it is possible to apply the DALY
formula for combining morbidity and mortality using QALY-based weights. This
approach may improve researchers’ ability to dynamically track HRQL, permit
comorbidities to be accounted for, and would allow for community-based preferences
rather than scores derived from health professionals, while affording the simplicity of
DALY formulas. However, it would render burden of disease estimates in the US and
other nations based on DALY scores incomparable to those produced using a combined
approach.

The use of various HRQL values would broaden the range of HRQL scores
available, providing flexibility in approaching burden of disease estimates for each of the
10 LHIs. On the other hand, mixing and matching HRQL scores from published lists of
QALY and DALY scores with those obtained from MEPS-linked EuroQol scores will
reduce the validity, and thus credibility, of burden of disease estimates across indicators.
It is also likely to affect the rank order of conditions.’

In this doaument, we did not describeissues and approaches related to evaluating
the economic impact of each indicator or ethical dimengonsof different approachesto
tabulating the burden of disease. Econonic daawould assist policymakersin further
prioritizing the 10 LHIs and may broaden theimpact of Healthy People 2010. For
ingance, it may provide ussful information for puldic health law; econonic daawould
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allow current revenues from tobacco taxation and employment to be contrasted agang
thehedth cods of tobacco. Moreove, it is possible that some conditionsthat lead to a
relatively small loss of healthy life have alargeeconomnic impact onthe hedthcare
system and therefore deserve more attention. An econonic component to a burden of
disease andysis can, in part, be achieved with electronic datasets and should be
congdered in future Healthy People 2010endeavors.

Moreover, there are ethical issues tha should be addressed before a specific
approach isdecided upon. Oneissuethat arisesisthe question of distributive jugice.
While sodety may prefer to invest resources in curing rare fatal conditionsover
investmentsin curing the common cold, burden of disease andyses would likely estimate
tha more HALY s are log to the cold than to acute neurodegenerative syndromes. Asthe
Pand on Cos-Effectiveness in Health and Medicine points out,” and as experience with
purely empiric approaches demondrates,® it is notwise to make policy decisionson
burden of disease estimates alone

Althoughburden of disease quantification with respect to theLHIs contained in
Healthy People 2010appears possible usng some of thetechniques and approaches
descried within this doaument, the chadlenges remain extensve in creating an account
tha is comprehendble and scientifically rigorous Thethomy issues of attributing risk
and avoiding doubk or undecouning will requiretheinputof abroad array of experts
who can provide amore in-depth examingtion of the specific of thecontent areas. The
decison regarding which metric to use in generating HAL Y sis onetha should have
vetting and buy-in from other parts of Health and Human Services, who are developing
paalld studies of burden of disease. For example, the Inter-Agency Groupon Summary
Measures provides a forum for these types of discussions® It would be ussful for the
ODPHP to present this project within tha groupto provide preliminary discussion and
guidance in thisarea
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APPENDIX 2: EUROQOL

(English Versionfor the United Kingdam)
By placing a tick in one box in each group below, please indicate which statements best

describe your own health state today.

Mobility
| have no problems in walking about

| have some problems in walking about

Oo0on0

| am confined to bed

Self-Care
| have no problems with self-care

| have some problems washing or dressing myself

Oo0n0

| am unable to wash or dress myself

Usual Activities (e.g. work, study, housework, family or
leisure activities)

| have no problems with performing my usual activities

| have some problems with performing my usual activities

OO0

| am unable to perform my usual activities

Pain/Discomfort
| have no pain or discomfort

| have moderate pain or discomfort

OO0

| have extreme pain or discomfort

Anxiety/Depression
| am not anxious or depressed

| am moderately anxious or depressed

Oo0on0

| am extremely anxious or depressed
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Best
imaginable
health state

100
To help people say how good or bad a health state is,
we have drawn a scale (rather like a thermometer) on
which the best state you can imagine is marked 100
and the worst state you can imagine is marked 0.

We would like you to indicate on this scale how good
or bad your own health is today, in your opinion.
Please do this by drawing a line from the box below
to whichever point on the scale indicates how good or
bad your health state is today.

Your own
health state

today

0

Worst
imaginable
health state
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Because all replies are anonymous, it will help us to understand your answers bette
we have a little background data from everyone, as covered in the following questio

1. Have you experienced serious illness?

in you yourself

. If you know your postcode, would you please write it here:

Yes
(|
O
O

oooZ

in your family $$$fé
in caring for others BOXES
. What is your age in years?
Male Female PLEASE TICK
. APPROPRIATE
. Are you: O O ox
. Are you:
a current smoker O PLEASE TICK
an ex-smoker O APPROPRIATE
a never smoker O BOX
. Do you now, or did you ever, work in Yes No
health or social services? O O E?&J:é
BOX
If s0, in What capacity? ... e
. Which of the following best describes
your main activity?
in employment or self employment O
retired O
housework O PLEASE TICK
student O APPROPRIATE
seeking work O HOX
other (please specify)
. Did your education continue after Yes No PLEASE TICK
the minimum school leaving age? O O AP PRS.TME
. Do you have a Degree or equivalent Yes No PLEASE TICK
professional qualification? O O AP ATE
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