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Preface

It is widely believed that broad adoption of Electronic Medical Record Systems
(EMR-S) will lead to significant healthcare savings, reduce medical errors, and im-
prove health, effectively transforming the U.S. healthcare system. Yet, adoption of
EMR-S has been slow and appears to lag the effective application of information
technology (IT) and related transformations seen in other industries, such as bank-
ing, retail, and telecommunications. In 2003, RAND Health, a division of the
RAND Corporation, began a broad study to better understand the role and
importance of EMR-S in improving health and reducing healthcare costs, and to
help inform government actions that could maximize EMR-S benefits and increase
its use.

This monograph provides the technical details and results of one component of
that study. It examines interventions in the healthcare system that affect patient
trajectories, i.e., the sequence of encounters a patient has with the healthcare system.
The monograph analyzes interventions to improve patient safety, increase preventive
services, expand chronic disease management, and foster healthier lifestyles. It
estimates their effects on healthcare utilization, healthcare expenditures, and
population health status.

Related documents are as follows:

* Richard Hillestad, James Bigelow, Anthony Bower, Federico Girosi, Robin
Meili, Richard Scoville, and Roger Taylor, “Can Electronic Medical Record
Systems Transform Healthcare? Potential Health Benefits, Savings, and Costs,”
Health Affairs, Vol. 24, No. 5, September 14, 2005.

* Roger Taylor, Anthony Bower, Federico Girosi, James Bigelow, Kateryna
Fonkych, and Richard Hillestad, “Promoting Health Information Technology:
Is There a Case for More-Aggressive Government Action?” Health Affairs, Vol.
24, No. 5, September 14, 2005.

* James Bigelow et al., “Technical Executive Summary in Support of ‘Can Elec-
tronic Medical Record Systems Transform Healthcare?” and ‘Promoting Health
Information Technology’,” Health Affairs, Web Exclusive, September 14, 2005.
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* Kateryna Fonkych and Roger Taylor, The State and Pattern of Health
Information Technology, Santa Monica, Calif.: RAND Corporation, MG-409-
HLTH, 2005.

* Federico Girosi, Robin Meili, and Richard Scoville, Extrapolating Evidence of
Health Information Technology Savings and Costs, Santa Monica, Calif.:
RAND Corporation, MG-410-HLTH, 2005.

* Richard Scoville, Roger Taylor, Robin Meili, and Richard Hillestad, How HIT
Can Help: Process Change and the Benefits of Healthcare Information Technology,
Santa Monica, Calif.: RAND Corporation, TR-270-HLTH, 2005.

* Anthony G. Bower, The Diffusion and Value of Healthcare Information Technol-
ogy, Santa Monica, Calif.: RAND Corporation, MG-272-HLTH, 2005.

The monograph should be of interest to healthcare IT professionals, other
healthcare executives and researchers, and officials in the government responsible for
health policy.

This research has been sponsored by a generous consortium of private
companies: Cerner Corporation, General Electric, Hewlett-Packard, Johnson &
Johnson, and Xerox. A steering group headed by Dr. David Lawrence, a retired CEO
of Kaiser Permanente, provided review and guidance throughout the project. The
right to publish any results was retained by RAND. The research was conducted in
RAND Health, a division of the RAND Corporation. A profile of RAND Health,
abstracts of its publications, and ordering information can be found at
www.rand.org/health.
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Summary

A patient trajectory is the sequence of events that involves the patient with the
healthcare system. An intervention can affect trajectories by improving health,
thereby reducing healthcare utilization or replacing a costly form of utilization (e.g.,
inpatient stays) with a more economical form of utilization (e.g., office visits to phy-
sicians or use of prescription medications). In this monograph, we examine the
following selected interventions in the healthcare system that affect patient
trajectories:!

* Implement Computerized Physician Order Entry (CPOE) as a means to reduce
adverse drug events (ADEs) in both inpatient and ambulatory settings. ADE
avoidance among inpatients reduces lengths of stay in the hospital. In an am-
bulatory setting, ADE avoidance may eliminate some hospital admissions and
some office visits to physicians.

* Increase the provision of the following preventive services: influenza and pneu-
mococcal vaccinations and screening for breast, cervical, and colorectal cancer.
Vaccinations prevent some cases of influenza and pneumonia. Some people
(mostly elderly) are hospitalized with these diseases. Screening identifies cancers
earlier, improving survival and allowing less-extreme treatments to be employed.

* Enroll people with one of four chronic illnesses—asthma, chronic obstructive
pulmonary disease (COPD), congestive heart failure (CHF), or diabetes—in
disease management programs. Disease management reduces exacerbations of a
chronic condition that can put the patient in the hospital.

* Persuade people to adopt healthy lifestyles and estimate the health outcomes if
everyone did so: controlled their weight, stopped smoking, ate a healthy diet,
exercised, and controlled their blood pressure and cholesterol as necessary with
medications. Lifestyle changes can reduce the incidences (and ultimately the

! Not all interventions affect patient trajectories. For example, an intervention might replace manual
transcription of physician notes by computerized voice recognition. This intervention and many others that do
not affect patient trajectories are discussed in Girosi, Meili, and Scoville (2005).

xvii
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prevalences) of a number of conditions that require substantial amounts of

healthcare.

Because this work was part of a larger study, “Using Information Technology to
Create a New Future in Healthcare: The RAND Health Information Technology
(HIT) Project,” we chose interventions that should be facilitated by HIT. HIT oper-
ates through several mechanisms. First, HIT can help identify the consumers eligible
for the intervention by scanning an electronic database—for example, of medical re-
cords or claims data. Second, HIT can help consumers and providers adhere to
“improved care” guidelines—for example, by reminding providers and patients when
particular services are due and by providing instruction. Third, HIT may increase
efficiency (e.g., using automation to reduce the need for home monitoring of patients
by a nurse). Finally, HIT makes it easier to record and analyze the performance of an
intervention, so that it can be improved over time. For example, one can use data
collected on today’s medical practices to develop still-better care guidelines.

Information technology is an enabler: It makes possible new ways of working
(Hammer and Champy, 1993). But it does not guarantee that an enterprise will
adopt new work processes, not in healthcare (Scoville et al., 2005) and not in other
sectors of the economy (Bower, 2005). We have defined our interventions in terms
of changes in the way the healthcare system works. Our results are therefore estimates
of what could be, not predictions of what will be.

Estimating Potential Effects of Interventions

We estimated the potential effects of each intervention on healthcare utilization (e.g.,
hospital stays, office visits, prescription drug use), healthcare expenditures, and
population health outcomes (workdays or schooldays missed, days spent sick in bed,
and mortality). By potential we mean the maximum effect that could be achieved,
assuming that everybody eligible to participate did so as effectively as possible.
Although we do not expect the entire potential to be achieved, it provides an upper
bound.

For each intervention, we first established baseline values for utilization, expen-
ditures, and population health. For most interventions, our baseline was a database of
patient trajectories developed from several years of the Medical Expenditure Panel
Survey (MEPS), the third in a series of national probability surveys conducted by the
Agency for Healthcare Research and Quality (AHRQ) on the financing and utiliza-
tion of medical care in the United States. We created a database of patient trajecto-
ries (the sequences of events that involve patients with the healthcare system) from
several years of the MEPS2 In addition to detailed information on healthcare utiliza-

2 Files and documentation for each year are available at http://www.meps.ahrq.gov.
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tion and expenditures, our database also includes data from the MEPS files that de-
scribe the patient, such as age, sex, ethnicity, health insurance status, measures of
health status (e.g., self-reported health, days sick in bed), and medical conditions.

The MEPS data are particularly appropriate for estimating the effects of the
above interventions, because the data link healthcare utilization, healthcare expendi-
tures, and health outcomes in a single source. The consumer is the unit of observa-
tion. Each consumer uses healthcare services and pays for them (or they are paid for
on his or her behalf), and each consumer reports health status information. There are
sources that examine utilization alone, or expenditures alone, or population health
status alone; the MEPS is the only publicly available, nationally representative source
of data that puts them all together. The other sources are often considered more ac-
curate within their specialized domains. Therefore, we compare MEPS with other
sources and devise adjustments to align our MEPS-based estimates with them.

Next, we modified the baseline to reflect the presence of the intervention, bas-
ing our modifications on the published literature. We estimated the effects of the in-
tervention to be the difference.

We performed a systematic review of both the peer-reviewed literature and the
“gray” literature (i.e., HIT journals, conference proceedings, government reports, and
healthcare trade journals) for studies that quantified the effects of our interventions.
This review is described in Girosi, Meili, and Scoville (2005). We found a substantial
number of articles that measured the effect of CPOE on adverse drug events and
their costs. However, a handful of authors are responsible for the bulk of this
research, so the data on effects are not nationally representative. Moreover, the
ambulatory CPOE systems studied are mostly installed in hospital outpatient
departments, not independent physicians’ practices. Perforce, we extrapolated it to
the national level anyway.

The data on preventive services come in two steps. First, there is a rich evidence
base for the effects of preventive services on health. Second, there is much sparser
literature on the effects of HIT on the performance of preventive services. Most of
the latter articles report the effect of computer-generated reminders on the likelihood
that physicians conform to guidelines, including guidelines related to preventive
services.

We found many articles that estimated effects of disease management on
healthcare costs and utilization, with a great deal of variation in the details of the in-
terventions and the targeted population. HIT is generally considered to be an integral
part of disease management, so there is no separate assessment of how much better
disease management with HIT is than disease management without HIT.

We found quite a rich literature describing the effects of lifestyle changes on
health. But we found few articles on the use of HIT to support lifestyle change. Our
national efforts to influence lifestyles have mostly taken the form of public health
campaigns, such as the campaigns to reduce tobacco use and to improve nutrition. In
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the absence of data, we are forced to argue that it is plausible that HIT can play a role
in lifestyle change.

The Evolution of Intervention Effects Over Time

We have estimated the effects our interventions would have in the healthcare system
of the year 2000. In essence, we imagined that somebody changed the healthcare sys-
tem back in, say, 1980, and that the data collected by MEPS in 1996-2000 (the data
we used to construct our trajectory database) would have been different. It is this dif-
ference that we attempt to estimate.

In reality, of course, these interventions would be implemented in the present,
and their effects would occur years in the future. We devised adjustments for future
demographic changes to the year 2020, and we could, if we wished, adjust expendi-
ture effects for assumed increases in healthcare costs. But these adjustments tell us
nothing new about the interventions. For example, if we estimate that an interven-
tion would reduce the expenditures captured in the 2000 MEPS data by 15 percent,
our estimates adjusted for demography and inflation show a reduction little different
from 15 percent.

We chose not to speculate about other possible changes to the healthcare sys-
tem. For example, technological changes will flow from genomics, nanotechnology,
and stem-cell research. Cultural attitudes may change—for example, about whether
basic healthcare is a right and possibly about how much end-of-life care one is
entitled to. And the healthcare system could respond to the changes wrought by our
interventions in different ways (e.g., if hospital stays for today’s reasons decline,
either hospitals could be closed or the system could find other reasons to treat people
in hospital). An investigation of these factors was far beyond the scope of the present
project.

Potential Effects of the Interventions

Next, we describe how we estimated the potential effects of the interventions listed
carlier. Recall that by potential we mean the maximum effect that could be achieved,
assuming that everybody eligible to participate did so as effectively as possible. Al-
though we do not expect the entire potential to be achieved, it provides an upper

bound.
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Preventing Adverse Drug Events in the Inpatient Setting

Evidence suggests that Computerized Physician Order Entry can be effective in both
hospital and ambulatory environments. We examined the potential effects of using
CPOE in both environments as a means of reducing adverse drug events.

To estimate the effects of inpatient CPOE for the nation as a whole, we took an
overall rate of ADEs per patient-day from the literature, and we distributed it to hos-
pital stays with diagnoses that a physician identified for us as being most likely to be
associated with ADEs. Descriptions of hospital stays (including diagnoses and an
identification of the hospital hosting the stay) came from the Nationwide Inpatient
Sample (NIS), a public-use file available from AHRQ’s Healthcare Cost and Utiliza-
tion Project (HCUP).? Hospital characteristics came from the American Hospital
Association (AHA) annual survey of the nation’s hospitals.*

Figure S.1 shows the results of installing CPOE only in large hospitals, where
we have varied the dividing line between large and small hospitals. We look at ADE
avoided and at bed-days and dollars saved. Clearly, most of the effects can be realized
by installing CPOE only in hospitals with at least, say, 100 beds. But it is not enough
to install CPOE only in the really large hospitals.

These effects are not large. The total savings of $1 billion compares with total
expenditures on hospital care of $413 billion in 2000.5 A hospital with over 500 beds
will save about $1 million per year, according to this analysis. Smaller hospitals save
less, and, indeed, save somewhat less per bed.

Figure S.1 also splits the benefits according to whether the patient is under 65
years of age or 65 and older, as an approximation of the Medicare population. Only
about 13 percent of the population is 65 or older, but it accounts for more than its
proportional share of hospital utilization (37 percent of hospital stays and 48 percent
of hospital bed-days). But we calculated that about 62 percent of the benefits of in-
patient CPOE would accrue to patients in the older group, because a higher fraction
of patients 65 years and older have diagnoses associated with ADE:s.

3 Agency for Healthcare Research and Quality (AHRQ), Rockville, Md. Available at http://www.ahcpr.gov/
data/hcup.

4The AHA Annual Survey Database may be purchased from the AHA at www.ahaonlinestore.com.

> National Health Expenditures are available at www.cms.hhs.gov/statistics/nhe. As of this writing, estimates are
available for the years 1960 through 2002. Projected expenditures are available from 2003 through 2013.
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Figure S.1
Annual National-Level Effects of Using CPOE to Avoid Inpatient ADEs, by Hospital Size
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Preventing Adverse Drug Events in the Ambulatory Setting

We used a similar process to estimate the implications of ambulatory CPOE for the
nation. Again, we took from the literature an overall rate for ADEs per visit to a phy-
sician’s office, and we distributed them to visits where problem drugs (i.e., the drugs
most likely to be involved in ADEs) were prescribed. Descriptions of office visits
came from the National Ambulatory Medical Care Survey (NAMCS) (National
Center for Health Statistics, multiple years).

Figure S.2 shows the results of installing CPOE, by practice size and ownership,
which one might view as a proxy for financial strength. National savings from
avoiding outpatient ADEs are around $3.5 billion. Savings from substituting generic
drugs for brand-name drugs (typically accomplished by urging physicians to choose
drugs from a formulary) exceed $20 billion per year.

Unlike with hospital-based CPOE, one should not ignore the small players
when considering physicians’ offices. About 37 percent of the potential savings comes
from solo practitioners. The question is, Can single practitioners afford ambulatory
CPOE? Also, some group practices will have only two or three physicians, and they,
too, may have trouble affording ambulatory CPOE.
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Figure S.2
Annual National-Level Effects of Implementing Ambulatory CPOE in Physicians’ Offices
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Patients 65 years and older account for about 40 percent of ADEs, but for only
35 percent of the savings that comes from prescribing cheaper drugs. An office visit
by a person 65 or older is more likely to be associated with an ADE than is a visit by
a person under 65, probably because the elderly take more drugs on average.

Not shown in the figure are potential savings of $6.4 billion per year by elimi-
nating duplicate laboratory tests and diagnostic radiological procedures. These
savings will accrue to practices only if they are associated with capitated patients.t
Otherwise, the savings accrue to the payer and (one hopes) will eventually be passed
along to society as a whole in the form of lower health insurance premiums.

Vaccination and Disease Screening

Reminders provided by Electronic Medical Record Systems have been shown to in-
crease the likelihood that patients receive influenza and pneumococcal vaccinations,
and screening for breast cancer, cervical cancer, and colorectal cancer.

To estimate the effects of these preventive interventions, for each condition to
be prevented, we selected the population from our MEPS analysis file that the
United States Preventive Services Task Force (USPSTF) recommends should receive
the intervention. For example, the USPSTF recommends that everybody 65 and over

6 Under a capitation arrangement, a physicians’ group agrees to provide all necessary care for a fixed payment per
covered person. A more usual arrangement, called fee for service, pays the physician for each service rendered.
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should receive an influenza vaccination each year. Therefore, to model flu vaccina-
tion, we selected all MEPS respondents of age 65 or older.” We combined these data
with information from the published literature on the fraction of people that cur-
rently receives the service, and costs and benefits per instance of the service.

Table S.1 shows our estimates of some of the effects of these five preventive
services. These estimates assume that the services are rendered to 100 percent of peo-
ple not currently complying with the USPSTF recommendation. We made optimis-
tic assumptions regarding the health benefit estimates as well. We concluded

Table S.1
Summary Results for Five Preventive Services (assumes 100-percent participation)

Screening for Screening for
Influenza Pneumococcal Screening for Cervical Colorectal
Vaccination Vaccination Breast Cancer Cancer Cancer

Program Description

Target Women Women
Population 65 and older 65 and older 40 and older 18-64 50 and older
Frequency 1yr 1/lifetime 0.5-1/yr 0.33-1/yr 0.1-0.2/yr
17.4M
Population Not backlog;
Currently 2.1 M new
Compliant 132 M persons/yr 18.9M 13M 52 M

Financial Impacts

Program Cost
(with 100%

com- $134 M to $1,000 M to $152 M to $1,700 M to
pliance) $327 Mlyr $90 M/yr $3,000 M/yr $456 M/yr $7,200 M/yr
Financial $32 M to $500 M to $0 to $52 M to $1,160 M to
Benefits $72 Mlyr $1,000 M/yr $643 M/yr $160 M/yr $1,770 M/yr

Health Benefits

Reduced
Workdays 180,000 to 100,000 to
Missed 325,000/yr 200,000/yr
Reduced Days 1.0 M to 1.5 M to
Abed 1.8 M/yr 3.0 M/yr
Deaths 5,200 to 15,000 to 2,200 to 17,000 to
Avoided 11,700/yr 27,000/yr 6,600/yr 533/yr 38,000/yr
Years of Life
Gained 13,000/yr 138,000/yr

7 The USPSTF recommends vaccination for persons in certain high-risk groups as well, but we do not attempt to
identify those persons in the MEPS database.
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that all these measures provide health benefits, and all except pneumococcal
vaccination increase healthcare utilization and expenditures. Pneumococcal
vaccination is an exception, because only one dose is needed after age 65, and it
continues to provide protection for life.

Chronic Disease Management

Effective disease management requires that the provider maintain a patient registry,
and that enrolled patients have the means to receive advice and support from the
provider and to send current symptoms and questions to the provider, all in real-
time. These functions are best performed by information technology.

To estimate the costs and benefits of enrolling people with chronic illnesses in
disease management programs, we examined management programs for four
conditions: asthma, chronic obstructive pulmonary disease, diabetes, and congestive
heart failure. For each condition, a disease management program seeks to avoid costly
hospitalizations and visits to the hospital emergency department. For these
encounters with the healthcare system, the program substitutes regular contacts with
a provider (sometimes telephone calls with a nurse case manager, sometimes group or
individual visits with a physician). Often, patients in a disease management program
use more medications than those not in such a program. All of these changes occur in
the short term—i.e., within a year or so of the patient enrolling in the program.

Figure S.3 shows the results we obtained, assuming that 100 percent of the
people eligible for each disease management program participated. We also assumed
that, in the analysis database (our baseline), nobody participated in programs to
manage these diseases. On both counts, our results are optimistic. These programs
reduce hospital utilization substantially, at the cost of increased office visits to
physicians and an increase in the use of prescription drugs. However, there is a
potential net savings of several tens of billions of dollars. Keeping people out of the
hospital is, of course, a health benefit, but we also expect reductions in days lost from
school and work, and days spent sick in bed. The reductions in days shown in the
figure are optimistic, because some days lost or sick will be for reasons unrelated to
the condition being managed.

Effects of Lifestyle Change

A program of lifestyle change would have huge benefits if everybody controlled their
weight, stopped smoking, ate a healthy diet, exercised, and controlled their blood
pressure and cholesterol as necessary with medications. In the long run, the
population would be much healthier, and it would use substantially less healthcare.
But for these outcomes to happen, consumers must come to see themselves as their
own front-line caregivers. They need the information, the skills, and the confidence
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Figure S.3
Annual Effects of Four Disease Management Programs (assumes 100-percent participation)
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to keep themselves healthy to the degree that they can, and to seek help when events
slip out of their control. By itself, information technology will not bring about this
transformation. But we argue that the transformation cannot happen without
information technology.

We modeled the effects of a program of lifestyle change by changing the
incidence of selected chronic medical conditions. Smoking cessation can reduce the
incidence of COPD and smoking-related cancers. Combinations of diet, exercise,
weight control, and medications can control hypertension and hyperlipidemia, which
are risk factors for more serious cardiovascular conditions. Weight control can reduce
the incidence of diabetes and its complications. For our example, we assumed that
lifestyle changes can reduce the incidence of each condition to 40 percent of its
current level. Over the long term, this reduction in incidence will result in a
reduction in prevalence—the number of cases in the population at a point in time.

Figure S.4 shows the results. Again, we assumed that 100 percent of the
population participates in the program. But if, by some wizardry, that participation
could be achieved, there would be huge benefits. The total expenditures captured in
the MEPS file declined by over 20 percent.
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Figure S.4
Annual Effects of Lifestyle Changes (assumes 100-percent participation)
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Combining Disease-Management and Lifestyle-Change Effects

To combine effects of disease management with those of lifestyle change, we cannot
simply add the two estimates. In the long term, lifestyle change reduces the number
of people with chronic diseases. Thus, fewer people are eligible for disease
management programs. Figure S.5 shows the results. As expected, the combined
results are smaller than the sum of the individual results. The sum of expenditure
reductions from Figures S.3 and S.4 is $167.0 billion; the combined reduction is
“only” $146.9 billion.

Realistic Participation Rates

To obtain the results in Figures S.3, S.4, and S.5, we made the unrealistic
assumption that 100 percent of those eligible participated in each intervention. To
obtain a more realistic estimate, we scale participation down to 50-percent
participation in our four disease-management programs and 20-percent participation
in a program to foster healthier lifestyles. Experience shows that patients comply with
medication regimes about 50 percent of the time on average, although there is a great
deal of variation from one study to another. Studies show that patients comply with
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Figure S.5
Combined Effects of Disease Management Plus Lifestyle Change (assumes 100-percent
participation)
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their physicians’ lifestyle recommendations only about 10 percent of the time (Roter
et al., 1998; Haynes, McDonald, and Garg, 2002). Optimistically, we double that
figure.

Figure S.6 shows the benefits realized if we apply these participation rates. Our
estimate of total monetary savings is only about 30 percent that of the 100-percent-
participation case, and other benefits drop by similar proportions. Clearly, there are
large potential benefits that will not be realized by a “business as usual” approach to
healthcare.

Increasing Consumer Participation

What may be the most profound aspect of the HIT-mediated transformation of
healthcare is requiring much more from the patient (or consumer, since a person
does not have to be sick to receive health care) than traditional health care does.
Through disease management and lifestyle changes, healthcare ceases to be a
commodity that healthcare providers deliver to passively accepting patients. Instead,
it becomes an activity in which consumers and providers engage jointly and
cooperatively. Think of the analogy of a coach and a player. The coach provides
technical knowledge, advice, support, and encouragement to the player. But,
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Figure S.6
Combined Effects of Disease Management and Lifestyle Change
(assumes 50-percent disease management and 20-percent lifestyle participation)
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ultimately, the player is the one who scores the points. Similarly, the healthcare
provider has the technical knowledge. But especially for chronic care and lifestyle
change, if the patient doesn’t do it, it doesn’t get done.

There can be no coaching without communication. Similarly, to help
consumers become effective self-caregivers, they must be connected to the people
who will coach them. They must have access to the appropriate knowledge, and they
must have opportunities to learn needed skills. They must have a number to call
when they need advice or encouragement. In short, consumers, information sources,
and providers must all be connected via a community network.

Connecting the community is necessary but not sufficient. Much needs to be
learned about how to increase consumers’ participation in their own care. The
quality and quantity of participation need to be measured routinely and subjected to
systematic improvement efforts. Nonparticipants need to be identified and ways
found to overcome individual barriers to participation and to promote convenient
and pleasant ways to maintain and improve everyone’s health.

We do not have evidence to tell us how well such a process can work, or how
long it may take. But there is evidence that people adopt healthier behaviors when
they understand the reasons and they have the incentive. For example, the anti-
smoking campaign has reduced the fraction of people over 18 that smokes from 42
percent in 1965 to 23 percent in 2001 (National Center for Health Statistics,
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2003)—a 45-percent reduction. It has done so, in part, by making smoking more
expensive and, in part, by making it less acceptable. Twenty years ago, almost
nobody objected to smokers lighting up in their homes or offices. Today, almost
nobody—in California, at least—would fail to object.

Realizing the Potential

We estimated the potential benefits of our interventions, meaning the maximum
effect that could be achieved, assuming that everything goes as well as it possibly
could. But the benefits actually realized will generally be less than the potential
benefits we have estimated—and, perhaps, much less. A major reason is that our
interventions require that the healthcare system undergo some change. Change is
disruptive, and people resist it. But unless providers, payers, and consumers do
change, the benefits will not be realized.

Most existing HIT applications operate within a single provider organization,
and they require changes of only the staff of that organization. Even within a single
organization, those changes are not made easily; the staff must experiment to learn
how to take advantage of HIT. Among our interventions, this is true of inpatient
CPOE, and of ambulatory CPOE, which is installed in a hospital outpatient
department, and which has access to ancillary services (e.g., pharmacy, laboratory,
and radiology) provided by the hospital.

But some interventions require coordination among providers in different
organizations. An Electronic Medical Record (EMR) installed in a physician’s office
has much greater potential value if it connects to other providers and, for that matter,
to the consumer. If it connects to the pharmacy, for example, much the same
opportunities to intercept medication errors and ADEs are enabled that an inpatient
EMR offers. If it connects to the consumer, both physician and consumer can be
reminded when preventive services are due.

Our remaining interventions require that the consumer be made into an expert
provider of his or her own care, rather than a passive recipient. This is the change
discussed in Chapter Eight. There, we point out that the consumer is already an
active participant, but that the healthcare system rarely helps the consumer to
participate expertly. Disease management requires both coordination of multiple
providers and expert participation by the patient. But the chronically ill patient has
an immediate incentive to learn how to manage his or her symptoms. Patients do
not, after all, go to the emergency room (ER) for the pleasure and excitement it
affords. Lifestyle change requires expert participation by the patient, but without the
obvious immediate incentive.

Our interventions, their potential benefits, and the relative risk of realizing that
potential are summarized in Table S.2. The relative risk is our own subjective
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assessment of how difficult it is likely to be to realize a large fraction of the potential
benefit. It is based partly on the strength of the evidence and the amount of
experience, and partly on the amount of change our interventions require of the
healthcare system.

For each of our interventions, there is some risk that the potential benefits will
not be fully realized, and, as we move down the rows of Table S.2, the risk becomes
greater. But we need not leave the matter entirely to chance. Taylor et al. (2005)
discuss policies that we think could speed up adoption of HIT; facilitate the
development of the networks needed to connect and coordinate payers, providers,
and consumers; and promote efforts to monitor compliance with prevention and
disease management guidelines; and to measure and improve healthcare quality.
Monitoring and measurement are important for all our interventions, but especially
for programs to promote lifestyle change. Because we know least about how to
promote such changes, the greatest amount of experimentation will be required to
get this aspect right.

Table S.2
Summary Potential Net Benefits of Interventions

Monetary Net

Benefits Relative Health
Class of Intervention (billion) Benefits Relative Risk
CPOE, inpatient $1.1 Modest Low
USPSTF-recommended preventive services Break-even or Modest Medium

small net cost
CPOE, ambulatory $31.2 Modest Medium

Disease management with 100%
participation (diabetes, CHF, asthma, and
COPD) $28.3 Large High

Lifestyle change with 100% participation $138.7 Very large Very High
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CHAPTER ONE

Introduction

James H. Bigelow, Ph.D.

A patient trajectory is the sequence of events that involves the patient with the
healthcare system. As part of a larger study, “Using Information Technology to
Create a New Future in Healthcare: The RAND Health Information Technology
(HIT) Project,” we examined selected interventions in the healthcare system that af-
fect patient trajectories and that should be facilitated by HIT.! We have identified
four classes of trajectory-changing interventions and we have selected some important
interventions in each class:

* Implement Computerized Physician Order Entry (CPOE) as a means to reduce
adverse drug events (ADEs).

* Increase the provision of the following preventive services: influenza and pneu-
mococcal vaccinations and screening for breast, cervical, and colorectal cancer.

* Enroll people with one of four chronic illnesses—asthma, chronic obstructive
pulmonary disease (COPD), congestive heart failure (CHF), or diabetes—in
disease management programs.

* Persuade people to adopt healthy lifestyles and estimate the health outcomes if
everyone did so: controlled their weight, stopped smoking, ate a healthy diet,
exercised, and controlled their blood pressure and cholesterol as necessary with
medications.

We estimated the effects of each intervention on healthcare utilization (e.g.,
hospital stays, office visits, prescription drug use), healthcare expenditures, and
population health outcomes (workdays or schooldays missed, days spent sick in bed,
mortality). These interventions generally affect trajectories by improving health and
thereby reducing healthcare utilization, or by reducing a costly form of utilization

1 Not all interventions affect patient trajectories. For example, an intervention might replace manual
transcription of physician notes by computerized voice recognition. This intervention and many others that do
not affect patient trajectories are discussed in Girosi, Meili, and Scoville (2005).
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(e.g., inpatient stays) and increasing a more economical form (e.g., office visits to
physicians, or prescription medications). For example,

* ADE avoidance among inpatients reduces lengths of stays in the hospital. In an
ambulatory setting, ADE avoidance may eliminate some hospital admissions
and some office visits to physicians.

* Vaccinations prevent some cases of influenza (flu vaccination) and pneumonia
(pneumococcal vaccination). Some people, especially the elderly, are hospital-
ized with these diseases.

* Disease management is intended to reduce exacerbations of a chronic condition
(asthma, congestive heart failure) that can put the patient in the hospital.

* Lifestyle changes can reduce the incidences (and ultimately the prevalences) of a
number of conditions that consume substantial amounts of healthcare.

In general, HIT is known to facilitate these interventions in three ways. First,
HIT can help identify the consumers eligible for the intervention. The provider of a
disease management program, for example, can identify patients with the target dis-
ease by scanning an electronic database of medical records (if a physician operates the
program) or claims data (if a payer operates the program). Second, HIT can help
consumers and providers adhere to “improved care” guidelines—for example, by re-
minding providers and patients when particular services are due. Finally, HIT makes
it easier to record and analyze the performance of an intervention, so that the inter-
vention can be improved over time. For example, one can use data collected on to-
day’s medical practices to develop still-better care guidelines.

The study has found, however, that there is not a straight line from installing
information technology to reaping a benefit—not in healthcare (Scoville et al.,
2005), and not in other sectors of the economy (Bower, 2005). Information technol-
ogy is an enabler: It makes possible new ways of working and new processes
(Hammer and Champy, 1993). But people do not inevitably adopt new ways of
working just because they have a new information technology application. In this
monograph, therefore, we have defined our interventions in terms of changes in the
way the healthcare system behaves, and we have estimated the benefits of those
changes in behavior. And as mentioned, we have discussed what roles HIT can play
to facilitate these changes. But we know that implementing the “right” kind of HIT
will not guarantee that the healthcare system will change in the ways we have
postulated. Therefore, the reader should view our results as estimates of what could
be, and not predictions of what wil/ be.
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Organization of This Monograph

We used a common set of large, publicly available healthcare data files to estimate
effects of the interventions listed earlier. Our primary source was the Medical Expen-
diture Panel Survey (MEPS),? one of a series of national probability surveys con-
ducted by the Agency for Healthcare Research and Quality (AHRQ) on the financ-
ing and utilization of medical care in the United States. Chapter Two describes how
we created a database of patient trajectories from several years of the MEPS, a survey
of the civilian, noninstitutionalized population by households. For each member in
each household surveyed, it describes utilization, expenditures, and health status.

In Chapter Three, we compare the MEPS with other sources of data on
utilization and expenditures. There are data sources that examine utilization alone, or
expenditures alone, or population health status alone; the MEPS is the only publicly
available source of data that puts them all together. However, the other data sources
are often considered more accurate within their specialized domains. Thus, we
devised adjustments to align our MEPS-based estimates with them. As well, we
devised adjustments that project our estimates of the effects our interventions would
have in the healthcare system of the year 2000 into the context of a future healthcare
system. It is, however, a healthcare system that has only changed in ways
foreshadowed by present trends. Chapter Three also explores how the healthcare
system might change, if not by following present trends.

Next, we describe how we used information from the research literature to
modify the trajectory database and produce estimates of the potential effects of the
interventions listed above. Chapter Four discusses implementation of Computerized
Physician Order Entry (CPOE) as a means of reducing adverse drug events in both
hospital and ambulatory environments. In Chapter Five, we estimate the effects of
influenza and pneumococcal vaccination, and of screening for breast cancer, cervical
cancer, and colorectal cancer. Reminders provided by Electronic Health Record Sys-
tems have been shown to increase the likelihood that patients receive these services.
Chapter Six estimates the costs and benefits of enrolling people with chronic illnesses
in disease management programs. Effective disease management requires that the
provider maintain a patient registry, and that enrolled patients have the means to re-
ceive advice and support from the provider, and to send current symptoms and ques-
tions to the provider, all in real-time. These functions are best performed by informa-
tion technology.

Chapter Seven estimates the potential benefits of a program of lifestyle change
in which everybody controlled their weight, stopped smoking, ate a healthy diet, ex-
ercised, and controlled their blood pressure and cholesterol as necessary with medica-
tions. In the long run, the population would be much healthier and it would use sub-

2 Files and documentation for each year are available at hetp://www.meps.ahrq.gov.
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stantially less healthcare. But for these outcomes to happen, consumers must come to
see themselves as their own front-line caregivers. They need the information, the
skills, and the confidence to keep themselves healthy to the degree they can, and to
seek help when events slip out of their control. By itself, information technology will
not bring about this transformation. But the transformation cannot happen without
information technology.

Chapter Eight discusses what may be the most profound aspect of the HIT-
mediated transformation of healthcare: requiring more of the patient or consumer (a
person does not have to be sick to receive healthcare). Through disease management
and lifestyle changes, healthcare ceases to be a commodity that healthcare providers
deliver to passively accepting patients. Instead, it becomes an activity in which con-
sumers and providers engage jointly and cooperatively.

In Chapters Four through Seven, we estimated potential benefits of our inter-
ventions. Chapter Nine compares the interventions in terms of their potential bene-
fits, and the difficulty and likelihood of achieving the potential benefits in practice.



CHAPTER TWO

Building the Trajectory Database from the MEPS

James H. Bigelow, Ph.D., Kateryna Fonkych, and Constance Fung, M.D.

Introduction

A patient trajectory is the sequence of events that involves the patient with the
healthcare system. For our analysis of the interventions listed in Chapter One, we
have created a database of patient trajectories from several years of the Medical Ex-
penditure Panel Survey (MEPS) (AHRQ), multiple years). The MEPS distinguishes
the eight types of events listed in Table 2.1.

Our database also includes data from the MEPS files that describe the patient,
such as age, sex, ethnicity, health insurance status, measures of health status, and
medical conditions. Two of each year’s MEPS files, the Full Year Consolidated Data
File and the Medical Conditions File, are devoted to such information. Certain of the
event files—prescribed medications, hospital inpatient stays, emergency room (ER)
visits, outpatient department visits, and office-based medical provider visits—also
include data on medical conditions.

Each year, the MEPS recruits a new panel of households. Households in a panel
are interviewed five times over a 2.5-year period to collect two years of data on medi-
cal expenditures and utilization. Thus, in any year, households from two successive

Table 2.1
Types of Event Files in MEPS

Type Title

A Prescribed Medicines

B Dental Visits

C Other Medical Expenses

D Hospital Inpatient Stays

E Emergency Room Visits

F Outpatient Department Visits

G Office-Based Medical Provider Visits
H Home Health
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panels contribute data (Figure 2.1), and these data are combined to produce public-
use files for that year. For example, extracts from panels 3 and 4 are combined to
form the files for 1999.

For each panel NV, there is a file (the MEPS Panel N Longitudinal Weight File)
that contains a person-level weight for each respondent in the panel. These weights
can be used to scale quantities recorded for individual respondents up to the level of
the nation as a whole. For example, if respondent j has ADMITS; hospital admissions
during the two years covered by the panel, then the total hospital admissions for the
nation for those two years should be W7 x ADMITS .

To create the trajectory database, we combined data from panels 1 through 4 to
obtain a set of analysis files with about 56,000 respondents. For most respondents,
we had two years of data. The process has four parts, which we discuss in turn below:

* Develop person-level weights for each respondent, which let us calculate
national-level quantities other than expenditures for our base year of 2000.

Figure 2.1
Overlapping-Panel Structure of MEPS

Year
1996 1997 1998 1999 2000

Panel 1

Panel 2

Panel 3

Panel 4

RAND MG408-2.1

! Originally, we anticipated that we would treat each two-year trajectory as a single observation, and this
necessitated that each trajectory have a single weight, which we obtained from the longitudinal files. Ultimately,
however, we treated each person-year of data as a separate observation, i.e., we broke each two-year trajectory into
two observations, one for each year. Had we made this decision earlier, it would have been preferable to use the
person-level weights provided in each Full Year Consolidated Data File, even though the same respondent would
generally have a different weight in each of his/her two years. Data processing would have been simpler, and our
analysis database would have had more observations (we would have kept the first year of data for panel 5
respondents, plus some respondents in earlier panels lost to follow-up in their second year) and slightly higher
estimates of utilization and expenditures. Our results, however, would not have been markedly different.
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* Inflate prices to the 2000 level so that we can calculate expenditures for our base
year.

* Map the diagnoses in the MEPS into medical conditions that we have defined.

e Calculate health outcome variables.

Develop Person-Level Weights

In this section, we describe the sources and derivation of the person-level weights in
our combined file. In brief, we adjusted the baseline weights in our combined file so
that, when we summed the weights over all respondents, we obtained the total civil-
ian, noninstitutionalized population for the year 2000 (which we have chosen as our
base year). We calculated two multipliers that adjusted those weights to reflect the
two major components of the institutionalized population: nursing home residents
and inmates of correctional institutions. And we provided multipliers to inflate the
2000 population to 2005, 2010, 2015, and 2020.

Baseline Person-Level Weights

For each panel, there is a MEPS file of longitudinal person-level weights. We derived
person-weights for respondents in our combined file from these longitudinal weights,
as shown in Table 2.2. To adjust the weights to account for differences in the total
populations, we multiplied a panel’s weights by a population-growth factor, which is
simply the ratio of the year 2000 population to that panel’s population. To combine
the four panels, we multiplied the weights for each panel by the fraction of total re-
spondents that were in that panel. We combined the two factors into the single over-
all multiplier shown in the last row of the table.

We justify this procedure as follows. Estimating any quantity using these
weights is equivalent to, first, estimating that quantity four times, once using the data
for each panel. Each panel-specific estimate must first be adjusted for population
growth, and then the four adjusted estimates must be combined into a final, overall
estimate. To obtain a combined estimate with the minimum possible variance, the
weights for the panel-specific estimates should be inversely proportional to the panel-
specific variances. Since the MEPS design is similar from one panel to the next, one
would expect panel-specific variances to be inversely proportional to sample size, and
this is why we have multiplied the weights for each panel by the fraction of total re-
spondents in that panel. Of course, each quantity one estimates will have its own
panel-specific variances, and the variances will not all be inversely proportional to
sample size. Overall, however, the rule should hold at least roughly. In any case, we
know of no better rule.
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Table 2.2
Source of Adjustment Factors for Longitudinal Person-Weights, by Panel

MEPS File

Year 2000 Panel 1 Panel 2 Panel 3 Panel 4

Total Population (=sum of wts) 278,405,516 274,603,911 277,125,061 279,881,445 281,946,024

Population-Growth Factor 1.01384 1.00462 0.99473 0.98744
No. Respondents 25,096 19,859 12,445 10,122 13,316
Fraction of Respondents 0.35627 0.22326 0.18159 0.23889
Overall Multiplier 0.36120 0.22429 0.18063 0.23589

Adjustments to the Baseline Weights

For each respondent, we define seven multipliers that we can apply to the baseline
weights to reflect various factors. Five multipliers inflate the 2000 population to fu-
ture years: MULTO00 (the multiplier equals 1), MULT05, MULT10, MULT15, and
MULT?20 inflate the population to the years 2000, 2005, 2010, 2015, and 2020,
respectively. It is more convenient to include a multiplier for the year 2000 that is
always equal to 1 than to treat that year as a special case.

The other two multipliers are MNURS, used to add nursing home residents,
and MPRIS, used to add inmates in correctional institutions. Together, nursing
home residents and inmates of correctional institutions accounted for over 90 per-
cent of the institutionalized population in 2000 (3.7 million out of a total of just
over 4 million).?2

Adjusting the weights has the effect of increasing not only the population but
also healthcare utilization and expenditures. The adjustment for nursing home resi-
dents ignores the cost of residing in the home, because these costs are deliberately not
included in MEPS. It assumes that a nursing home resident will visit the hospital or a
physician’s office as often, on average, as a demographically similar person who is not
in a home. One may question this assumption—after all, one reason people are in
nursing homes is because they are too sick to stay home. But we have no data to sup-
port any other assumption.’

The adjustment for prisoners makes a similar assumption: that an inmate of a
correctional institution will use the same amount of healthcare, on average, as a

2 The Census Bureau classifies institutions as one kind of group quarters. Go to www.census.gov, click on
“American Factfinder,” then “Data Sets,” then “Detailed Tables.” As of December 19, 2004, the tool we found
there asked us to select a geographical resolution and then a table, each from a drop-down list. The group-

quarters tables are at the end of the list, labeled PCT17 and PCT17A-1.

3 We felt it was important to account for nursing home residents, in particular, because they are such heavy users
of healthcare. Unfortunately, our method for doing so undoubtedly underestimates their healthcare utilization,
expenditures, disease burdens, and mortality. Further research to improve our estimates would be warranted.
These adjustments add less than 3 percent to population, utilization, and expenditure totals. But they add 4
percent to the 75-84 age group, and 18 percent to the 85-and-over age group.
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similar person who is not incarcerated. Again, we have no data to support an alterna-
tive assumption.

We did not develop an adjustment for the active-duty military population
(about 1.4 million people, as of 2000), because this population uses mostly facilities
for their healthcare that are not used by civilians. Since we use the weights to inflate
not only the population but also healthcare utilization and expenditures, we thought
it best to omit the military population. (Veterans, of course, are civilians and are thus
included in the MEPS, as long as they are not institutionalized.)

We did not create multipliers individually for each of the 56,000 MEPS re-
spondents in our trajectory database. Instead, we defined 120 groups of respondents
according to age, sex, and ethnicity, and developed multipliers for each group. Each
respondent in a group was given the multipliers for that group. Table 2.3 shows the
categories of age, sex, and ethnicity used to define the groups.

We formed the age categories from two different partitions of age. One was a
standard set of 11 categories often used to report age-related data (e.g., mortality data
and population projections). The 11 categories are as follows: less than 1, 1-4, 5-14,
15-24, 25-34, 35-44, 45-54, 55-64, 6574, 75-84, and 85+. The other partition
is one used by the Census Bureau to report the population living in group quarters. It
uses three age categories: less than 18, 18-64, and 65+. The 12 age categories in
Table 2.3 are constructed so that each one is entirely contained in one of the 11 and
in one of the three categories of the other two age partitions.

Table 2.3
Population Groups Used for Adjustment of Person-Level Weights

2 Sexes X 5 Ethnicities X 12 Age Categories

Female White, not Hispanic <1

Male Black, not Hispanic 1-4
Asian/Pacific Islander, not Hispanic 5-14
American Indian/Aleut/Eskimo, not Hispanic 15-17
Hispanic 18-24

4 There is much less reason to adjust the MEPS data to include prisoners. Most of them are young and probably
not particularly heavy users of healthcare.



10 Analysis of Healthcare Interventions That Change Patient Trajectories

Future-Years Adjustment

We aggregated Census Bureau projections of future-year populations® into 110
groups (2 sexes by 5 ethnicities by 11 age categories). For each future year of interest
(2005, 2010, 2015, and 2020), we calculated the ratios of the population in each of
the 110 groups to the number of people the Census Bureau estimated were in the
group in 2000. To expand this set of 110 multipliers to the entire 120 groups de-
fined in Table 2.3, we used the multipliers for age category 15-24 for both categories
15-17 and 18-24. To adjust the weight for a MEPS respondent so that it reflects a
future year, we determined the group that contains the respondent and multiplied his
weight by that group’s ratio for the year in question.

Prison Population Adjustment

The tables for the group-quarters data from the Census Bureau that were our source
for the prison population only give populations in three age groups (less than 18,
18-64, and 65+), so we used a partition of only 30 population groups (2 sexes by 5
ethnicities by 3 age categories). Each multiplier was the ratio of the appropriate
population from the 2000 MEPS to the total population in that group in our com-
bined file. To expand this set of 30 multipliers to the entire 120 groups defined in
Table 2.3, we used the multipliers for prisoner age category “less than 18” for the
first four age categories in Table 2.3; the multipliers for prisoner age category 18—64
for the next five age categories in Table 2.3; and the multipliers for prisoner age cate-

gory 65+ for the last three age categories in Table 2.3.

Nursing Home Resident Adjustment

We obtained the 1999 nursing home population from the National Nursing Home
Survey (NNHS).6 We partitioned the nursing home population into 110 groups (2
sexes by 5 ethnicities by 11 age categories) and formed ratios of nursing home resi-
dents to baseline MEPS populations in each group. To expand this set of 110 multi-
pliers to the entire 120 groups defined in Table 2.3, we used the multipliers for age
category 15-24 for categories 15-17 and 18-24. We used these multipliers to inflate
the MEPS person-level weights so that our estimates will include nursing home
residents.

> Available from http://www.census.gov/population/www/projections/natdet.html (downloaded January 4,
2004). There are low, middle, and high projections; we selected the middle one.

6 Available from heep://www.cdc.gov/nchs/about/major/nnhsd/nnhsd.htm (downloaded April 15, 2003).
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Inflate Price

Each year of MEPS data yields different average expenditures per event for the vari-
ous kinds of events that are listed in Table 2.1. We computed ratios of expenditures
in 1996 through 1999 to the 2000 expenditures, and we multiplied expenditures on
each individual event by the appropriate ratio (Table 2.4). Events that occurred in
the same year to respondents from different panels were inflated by the same factors.”

Table 2.4
Inflation Factors by Expenditure Category

Year
Expenditure Category 1996 1997 1998 1999 2000
Office-Based Visits
Total 1.278 1.279 1.208 1.146 1
Visits to Physicians 1.273 1.266 1.178 1.121 1
Visits to Non-Physicians 1.250 1.290 1.262 1.195 1
Hospital Outpatient Visits
Total Facility Expense 1.120 1.033 1.002 1.041 1
Total Expense for Separate Providers 0.765 0.858 0.640 0.781 1
Facility Expense for Visits to Physicians 1.265 1.104 0.942 0.963 1
Separate Provider Expense for Visits to Physicians 0.952 1.004 0.661 0.745 1
Facility Expense for Visits to Nonphysicians 1.051 0.960 1.115 1.169 1
Separate_ Erovnder Expense for Visits to Non- 0.596 0.655 0.607 0.875 1
physicians
Emergency Room Visits
Total Facility Expense 1.152 1.052 1.174 1.108 1
Total Expense for Separate Providers 1.064 1.076 0.946 0.942 1
Hospital Inpatient Stays
Total Facility Expense 0.943 0.997 0.978 0.978 1
Total Expense for Separate Providers 1.131 1.262 1.029 1.029 1
Dental Visits
Total Expense 1.332 1.259 1.155 1.105 1
Home Health Care
Agency Sponsored 0.976 1.007 1.096 0.803 1
Paid Independent 1.307 1.849 1.948 2.067 1
Other
Vision Aids 1.163 1.373 1.234 1.131 1
Other Medical Supplies and Equipment 0.530 0.445 0.839 0.544 1
Prescription Drugs 1.329 1.226 1.186 1.030 1

7 One would not expect these factors to agree with published inflation rates for individual components of
healthcare, and we have not tried to compare them. Medical costs rise faster than prices because the technology,
intensity, and other factors change as well.
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Map MEPS Diagnoses into Medical Conditions

We defined 27 medical conditions, 20 of which we used in our subsequent analyses
of the interventions listed in Chapter One (Table 2.5).8 The definitions appear in the
Chapters Four through Seven, in which we describe the analyses; we will not repeat
them here. Here, however, we describe how we mapped the MEPS data into our
medical-conditions definitions. The complete data can be found in the Microsoft
Excel file MedicalConditions.xls at http://www.rand.org/publications/ MG/
MG408/, and on the compact disc (CD) attached to the back cover of printed
copies of this report.

The MEPS provides two codes for diagnoses. One consists of the first three
digits of the 5-digit /nternational Classification of Diseases, Revision 9 (ICD-9) code
(we denote the three digits by ICD9.3). Because ICD-9 is a hierarchical code, the
fourth and fifth digits do not entirely change the meaning of the 3-digit stub; rather,
they add specificity. The other code, the Clinical Classification Code (CCC), was
defined by the Agency for Healthcare Research Quality as an aggregation of 5-digit
ICD-9 codes. If it were an aggregation of 3-digit codes, it would add nothing.
Taking the ICD9.3 and the CCC together provides somewhat more specificity than

Table 2.5
Targeted Medical Conditions

Cancer of the breast

Cancer of the cervix

Cancer of the colon, rectum, and anus

Cancers of the head and neck, esophagus, and bronchus and lung (caused by smoking)

Cerebrovascular disease/Stroke

Congestive heart failure (CHF)

Coronary artery disease/acute myocardial infarction (AMI)
Hyperlipidemia

Hypertension

Other heart diseases

Asthma
Chronic bronchitis
Emphysema

Influenza
Pneumococcal diseases

Diabetes

Chronic renal failure (complication of diabetes)
Limb problems (complication of diabetes)
Retinopathy (complication of diabetes)
Neuropathy (complication of diabetes)

8 Early in the project, we thought we could analyze the other seven conditions but ran out of time.
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either code does alone. We have defined our medical conditions as aggregations of
(CCC, ICD?Y.3) pairs.?

We matched the diagnosis codes in the annual MEPS Medical Conditions Files
against our medical condition definitions to produce a 27-position array with a “1”
in each position with a matching diagnosis. Nonmatching positions are set to “0.”
This array is specific to a particular respondent in a particular year, and we used it to
identify people eligible for a disease management program or likely to be affected by
a lifestyle change.

Certain MEPS event files—prescribed medications, hospital inpatient stays, ER
visits, outpatient department visits, and office-based medical provider visits (see
Table 2.1)—include diagnosis codes in their descriptions. For each of these event
types, we also created a 27-position array with a “1” in each position with a matching
diagnosis and zeroes elsewhere. These arrays were specific to a particular event
(which, of course, occurred to a particular respondent in a particular year), and we
used these arrays to identify the events (e.g., hospital stays, office visits, or
prescription of drugs) most likely to be eliminated or changed by an intervention that
targets that condition. For example, vaccinating people against influenza should
reduce prescriptions for treating influenza.

Does this method select the right events or the right respondents? We conjec-
tured that a respondent will have a medical condition (e.g., diabetes, CHF, influ-
enza) if an event for that respondent mentions the condition. On the other hand, if a
respondent has diabetes, for example, but never sees a doctor about it, he might not
report it to the MEPS interviewer and we might not count him as a diabetic. Thus,
we expected to undercount the number of people with each condition. We expected
to undercount a lot for a condition such as influenza, for which most people do not
seek medical care. We also expected to undercount mild cases more than severe cases
of a condition—for example, mild asthma or CHF. In addition, we expected to
undercount respondents with poorer access to health care—for example, the un-
insured or underinsured.

A second source of error is the respondents. The MEPS is a survey of house-
holds, so it is a member of the household—a layperson—who reports the diagnoses
associated with each event. It is not a provider, who we expect to have some expertise
in making diagnoses. (A percentage of events reported by a respondent were cross-
checked with the provider, which should mitigate the problem to some extent.)
Edwards et al. (1994) compared household reports of chronic conditions with pro-

9 We could define most of our conditions using the CCC alone. But in a few cases we split a CCC among several
conditions. For example, we split CCC=127, “Chronic obstructive pulmonary disease and bronchiectasis”
between Chronic Bronchitis (ICD9.3=491, “CHRONIC BRONCHITIS*”) and Emphysema (ICD9.3=492,
“EMPHYSEMA*”). Additional ICD9.3 codes were included in CCC=127 that we did not assign to any of our
medical conditions. The asterisk (*) is included in the file of names for the ICD-9-CM (clinical modification)
codes. Some conditions required several pairs for their definitions.
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vider diagnoses and found that conditions that require a physician’s diagnosis to
identify show the highest agreement. These conditions include diabetes, most heart
conditions, hypertension, and asthma. Once diagnosed, these conditions remain in
the medical record and will continue to be reported on provider surveys. But they are
likely to be underreported in a household survey. Edwards et al. suggest that heart
disease is particularly subject to underreporting by households, because people with
multiple conditions will lump them together.

Both Cox and lachan (1987) and Johnson and Sanchez (1993) compared the
diagnoses given for the same event by the household and by the provider. Both found
that households give fewer diagnoses (in Johnson and Sanchez, only 10 percent of
households associated more than one medical condition with an event, whereas 64
percent of providers did so). Both also found poor agreement between household
diagnoses and provider diagnoses. As one would expect, if specific diagnoses were
grouped into more general classes, the agreement improved.

We expect, therefore, that we have misclassified some respondents. That is,
some respondents have a condition “in truth,” but we say that they do not, and some
respondents do not have the condition “in truth,” but we say that they do. We make
no general assessments of how large these errors may be. Rather, we address this issue
for each condition at the point in the text where we first examine interventions that
target that condition.

Calculate Health Outcome Variables

In subsequent chapters, we identify many Excel files containing extracts from the
trajectory database. Each of these Excel files has a tab called “Outcomes.” Here, we
briefly describe the source of the outcome measures reported there.

All of the outcome measures are derived from data elements in each year’s Full
Year Consolidated Data File. We used the person status variables and the beginning
and end dates of the interview rounds to set flags to indicate which respondents were
“out of scope”™ in parts of the two years, for each of several possible reasons: The
respondent was born during the period, died, spent time in a healthcare institution
or in a non-healthcare institution, spent time in the active military, spent time
abroad, or some other reason. Of these reasons, we have reported only deaths in our
Excel files.

Recall that information covering two years is collected from each household in a
series of five interviews. The third interview covers parts of both years. We appor-

10 A respondent can be included in the survey during part of the two years his or her panel is being interviewed,
and excluded during other parts of the two years. When he or she is included, MEPS refers to him/her as “in
scope.” When he or she is excluded, he/she is “out of scope.”
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tioned missed days of work or school during this round in proportion to the number
of days in the two years. We similarly apportioned days spent sick abed.

We calculated an activity-limitation variable from a number of the MEPS
health status variables, using methodology described in Erickson, Wilson, and
Shannon (1995). This variable takes on one of seven values: 1—Not limited in any
way; 2—Not limited in major activities but limited in other activities; 3—Limited in
a major activity; 4—Unable to perform a major activity; 5~—Unable to perform
instrumental activities of daily living (IADL) without help; 6—Unable to perform
self-care activities of daily living (ADL) without help; and —1—Missing. It is defined
differently, depending on the age of the respondent, and it may have a different value
in each interview round.

We then calculated the fraction of each of the two years that the respondent had
an activity limitation at each level. For convenience, we assumed that interviews 1
and 2 each covered 40 percent of year 1, and interview 3 covered the remaining 20
percent. Similarly, interview 3 covered 20 percent of year 2, and interviews 4 and 5
each covered 40 percent. If the five interviews reported activity limitations of (1, 1, 2,
2, 3), then we would say that for 80 percent of year 1 the respondent had an activity
limitation score of 1, and for 20 percent of year 1 he/she had a score of 2. Similarly,
in 60 percent of year 2, he/she had a score of 2, and in 40 percent of the year his
score was 3.

In the same way, we calculated fractions of each year for which the respondent
had each of the possible scores for perceived health status and perceived mental
health status. These variables are provided in the MEPS Full Year Consolidated Data
Files, and each of them has one of six values: 1—Excellent; 2—Very good; 3—Good;
4—Fair; 5—Poor; and —1—Missing.






CHAPTER THREE

Interpreting MEPS-Based Estimates

James H. Bigelow, Ph.D., and Kateryna Fonkych

Introduction

Those effects of interventions in the healthcare system that change patient trajecto-
ries, which we estimated in Chapter One, are changes in healthcare utilization (e.g.,
hospital stays, office visits, prescription drug use), changes in healthcare expenditures,
and changes in population health outcomes (e.g., workdays or schooldays missed,
days spent sick in bed). We have based our estimates largely on data from the
Medical Expenditure Panel Survey (MEPS) (AHRQ MEPS, multiple years).

In this chapter, we discuss how these estimates ought to be interpreted. We con-
sidered four reasons for questioning what our estimates mean. The first is the preci-
sion of the estimates, as measured by standard errors. The second reason is errors and
omissions, because the MEPS does not try to measure everything about the
healthcare system. Parts of the system are left out—for example, long-term care. In
the real world, the omitted parts would change, and we could not see these changes
in our MEPS-based estimates.

Even the measurements it does make may contain systematic errors. For certain
of our estimates, other sources of data are considered more accurate. For example,
both the National Health Expenditures (NHE) and the MEPS provide estimates of
healthcare expenditures, but the NHE is generally regarded as the authoritative
source (Centers for Medicare and Medicaid Services [CMS] NHE). Thus, we have
devised adjustments that align our estimates with more-authoritative sources of data.

Third, we estimated the effects our interventions would have in the healthcare
system of the year 2000. In essence, we imagined that somebody changed the
healthcare system back in, say, 1980, which would mean that the data collected by
MEPS in 1996 through 2000 (the d