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FOREWARD

This research project was sponsored by the Parke Davis Company, a
division of Warner Lambert Pharmaceuticals. The research was conducted at
SysteMetrics, a research consulting firm which specializes in health care research
for public and private sector clients. A recent submission published in the New
England Journal of Medicine, 'Sounding Board', raises issues regarding the
ethical conduct of economic analysis sponsored by the pharmaceutical industry
(Hillman et al, NEJM 324 (19): May 9, 1991, p.1362). The research reported in
this thesis will be submitted for peer review and publication. In this overview |
hope to address questions regarding possible bias introduced by the client's
participation in the project.

The project was a collaborative effort; its successful completion was made
possible due to the effort of various individuals. | was the project manager for the
entire project and was responsible for a significant portion of the design and
conduct of the research presented in this report. Below, | will identify specific
phases of the research and describe my involvement and the contribution of
others in each part.

The data from the Helsinki Heart Study (HHS) were provided by Park Davis
in machine readable form. | worked with the project statistician at their research
facility to understand the format of the data file and variable definitions. In a
parallel effort | conducted a review of the literature on dislipidemia, other risk
factors for coronary heart disease, and various treatment regimens for the
condition. This information was presented to an expert panel drawn from the
academic and research community, during the early phase of this project. At that
same meeting, we discussed the analytic methodology for the project, including
the appropriate modeling strategy and some preliminary results from the logistic
regression model | estimated using the HHS data.

Various colleagues at SysteMetrics and in provider and payer
organizations assisted me in collecting information regarding charges for acute
and continuing cardiovascular care. | then used these estimates to derive a
preliminary cost-benefit profile of gemfibrozil treatment for dislipidemia. This first
analysis included only those cardiovascular end-points that were recorded in the
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HHS. Based on this limited definition, the analysis shows that drug therapy
results in net additional costs per treated patient, across all groups at risk for
coronary heart disease (CHD). The results were presented at a second meeting
of the project expert panel: '

However, as discussed in the text of this thesis, the literature indicated that
gemfibrozil treated patients will likely derive benefits and avoid cardiovascular
events that were not recorded in the HHS clinical trial. | participated in the design
of a computer simulation model that incorporates these additional cardiovascular
conditions and allows decision makers to assess the full cost and benefit
implications of drug therapy for dislipidemia. David Eddy, MD PhD, was
responsible for the implementation of this design and the actual development of
the software for the L*PID model. That model will be described in a submission to
a peer review journal in the near future.

During the course of developing the computer simulation model, |
organized and conducted two expert panel meetings attended by research and
decision making staff who represented the provider and payer communities. At
these sessions we described the model and demonstrated preliminary versions of
the software. The objective of these sessions was to obtain critical comment on
the design of the model, its implementation, and the assumptions that are
inherent in the simulation.

Finally, | used the computer simulation model to generate the results
presented in the application of the HHS risk model to the California Medicaid
(Medi-Cal) program. The Medi-Cal program is a major item in the California state
budget. Decisions regarding program expenditures are subject to stringent fiscal
constraints. Program decision makers are faced with the task of allocating
available resources in the most efficient manner possible, across all areas of care
provided to program beneficiaries.

The recent literature has recognized that significant expenditures are likely
to result from program level implementation of the National Cholesterol Education
Program (NCEP) guidelines. Alternate strategies can achieve equivalent health
benefits at significantly lower net cost to the program. Targeting a smaller subset
of higher risk program participants can yield net savings to the program budget.



Other selection rules for drug therapy might be based on predicted CHD risk or
allocating a fixed drug budget. The objective of this study is to demonstrate that
program constraints can be translated into practical decision rules that allow
rational decision making in a constrained environment. Therefore, the application
of the HHS risk model to Medi-Cal compared the cost consequences of
implementing various patient targeting strategies and reimbursement for
dislipidemia drug therapy with a gemfibrozil regimen.

An earlier version of the analysis and results were presented in a public
meeting to program decision makers. The text of my presentation and supporting
documentation are part of the public record of that meeting. While this thesis
focuses on drug therapy with gemfibrozil, the L*PID model is designed to assess
the several drug therapies available for the treatment of dislipidemia. When the
model is fully tested and functional, it will support comparative analyses of various
drug therapies similar to those reported in this thesis. Those analyses will be
submitted for publication elsewhere.
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L THE IMPACT OF INTRODUCING HYPERLIPIDEMIA DRUG THERAPY
IN A FISCALLY CONSTRAINED PUBLIC PROGRAM

Cardiovascular disease significantly impacts health in America and has
constituted the leading cause of death and disability for many years.A Myocardial
infarction is the most readily recognized manifestation of cardiovascular iliness;
other related conditions include angina pectoris, hypertension, arteriosclerosis
and stroke. The National Center for Health Statistics estimates that seven million
people in this country have symptoms of coronary heart disease (CHD), and
more than half a million deaths are attributable to this condition annually. We now
know that CHD has distinct identifiable risk factors including hypertension,
smoking, obesity and elevated cholesterol levels. These factors are implicated in
increased risk of coronary heart disease and related morbidity and mortality.

Inferential evidence from epidemiological studies documents a consistent,
strong and positive association between elevated cholesterol and the incidence of
CHD. A clear, causal relationship between diet and/or medication-induced
control of serum cholesterol levels and an increase in patient longevity has not yet
been established. Epstein and Oster (1987), and Becker (1987) discuss the
equivocal evidence on the clinical value and cost-effectiveness of interventions to
reduce serum cholesterol levels. Their concern regarding widespread adoption of
cholesterol lowering programs reflects, among other things, the substantial costs
to patients who must change their lifestyle and diet patterns, and, in some cases,
purchase expensive medication over prolonged periods. Fihn (1987), however,
notes that:

"Vigorous attempts to reduce this burden of suffering (CHD related
liness and death) are clearly warranted...In the final analysis, the
question is not whether we should pursue hypercholesterolemia.
Most assuredly we should, but we must remain cognizant of the
attendant difficulties.”

Several recent developments give new impetus to CHD prevention
programs that focus on control of plasma cholesterol levels. First, in 1985, Drs.
Joseph Goldstein and Michael Brown were awarded the Nobel Prize for their
discovery of cell surface receptors specific for low-density lipoproteins. Our
current understanding of the control of plasma cholesterol levels, and the general
area of cholesterol metabolism, is based on their seminal work. Second, the Lipid



Research Clinics-Coronary Primary Prevention Trial report (LRC-CPPT, 1984)
reported that lowering plasma cholesterol using bile acid sequesterants reduces
the manifestations of CHD including myocardial infarction and angina pectoris,
and invasive cardiac procedures such as coronary artery bypass grafting
(CABG). Third, the Helsinki Heart Study (HHS, Frick et al, 1987) is the first clear
and convincing prospective clinical trial to rigorously demonstrate a statistically
significant reduction in CHD (defined as myocardial infarction and sudden cardiac
death) when men, with elevated serum total cholesterol, are treated with
medication to lower these levels.

This research was undertaken to answer a question increasingly asked of
proven advancements in medical technologies: what is the net impact on
patients' health care expenditures? Coronary heart disease has, as the leading
cause of death in the U.S., been the subject of intensive medical research and
advancements in both treatment and prevention. The most publicized of these
treatment advances, thrombolytic agents, angioplasty and bypass grafting, have
been associated with episode charges that range as high as $20,000 to $100,000.
Such price tags have generated concern among the public, providers of health
services, and both public and private payors, over the costs of improved
cardiovascular care. The American Heart Association estimates that the United
States currently spends approximately $88.2 billion per year on cardiovascular
illness.

Current public concern regarding hypercholesterolemia as a medical
problem can be traced, among other sources, to:

o the National Institutes of Health Concensus Development
Conference (1985);

0 the National Cholesterol Education Program; and

o the Surgeon General's Report on Nutrition and Health (1988).

The debate generated in the scientific literature and the lay press resulted in
increased individual awareness of ‘cholesterol' and consumer group efforts in
nutrition and health education. The markets for cholesterol lowering therapies,
including dietary supplements and over-the counter and prescription
pharmaceutical products have expanded rapidly during the past several years.



Recent estimates place U.S. annual expenditures on prescription medications to
treat hyperlipidemia in the range of $600 million. Several new chemical entities to
treat hyperlipidemia are now in the research and development pipeline, and
targeted for market launch in the next decade.

Thus, proponents of expensive new technologies and, in particular, those
prophylactic or preventative therapies such as drug treatment for hyperlipidemia
are increasingly being asked to document not only safety and efficacy, but also
the therapy's impact on patients' net health care expenditures. In this context,
previously published assessments of available hyperlipidemia therapy have
reported substantial additional expenditures associated with drug treatment.

A 1887 article in the Journal of the American Medical Association (JAMA)
by Oster and Epstein, is one example of a cost-effectiveness study of drug
therapy for hyperlipidemia. This study, based on the Lipid Research Clinics -
Coronary Primary Prevention Trial (LRC-CPPT), reports that the cost of drug
treatment for hyperlipidemia varies substantially, ranging from about $56,000 for a
35 to 39 year old male with a pre-treatment cholesterol level of 315 mg/dL to over
1 milion dollars for a 70 to 74 year old man with the same pre-treatment
cholesterol level, per year of life saved. The authors also indicate that cholesterol-
lowing interventions, no matter what their cost, are unlikely to result in substantial
direct savings to health care. The LRC-CPPT and the HHS were, however, not
designed to study patient mortality. Treated patients have, indeed, enjoyed health
benefits (as demonstrated in these studies) that cannot be adequately
represented in a cost per life year calculation. Cost-effectiveness calculations that
denominate the result in terms of life-years may, therefore, present an incomplete
analysis.  The cost-effectiveness analysis literature suggests that such
calculations should incorporate the value to society of the health status enjoyed
by patients; a cost per quality-adjusted life year is one such calculation.

Health care expenditures are often reimbursed by third-party payers or
subsidized through public health assistance programs. Administrators of these
programs are under increasing pressure to limit growth and contain escalating
costs. Their decisions regarding availability of and reimbursement for new
technologies within the program are often based on short run, current budget
constraints. In contrast with prior cost-effectiveness analyses, the assumptions



and units of analysis in this study are, therefore, not derived from long term
measures such as years of life saved. This analysis directly compares the
comprehensive costs of drug therapy with modeled estimates of the value of
coronary health care goods and services not consumed by patients who are
prophylactically treated to control hyperlipidemia.

California Medicaid (Medi-Cal) is an example of a public (joint federal and
state funded) health care assistance program which has experienced substantial
escalation in total and per-patient expenditures during the 1980s. This is
particularly true of the prescription drug benefit afforded to beneficiaries, which
more than doubled between 1984 and 1983. For example, estimates place Medi-
Cal 1988 prescription drug expenditures (the most recent full year of data
available from the program) at approximately $40.3 million per month, as
compared with about $19.2 milion per month in 1984. Cardiovascular
medications are, as expected, among the four leading therapeutic categories of
expenditures on non-generic medications within the program. Various measures
to contain Medi-Cal drug benefit program costs were proposed during the last
two years. 1 will discuss two examples: Assembly Bill 2148 of 1988 and a more
recent proposal to cut the drug program budget.

The first of these, the ‘Medi-Cal Drug Program Cost Containment Initiative'
(AB 2148, Baker) sought to establish a drug manufacturer contract rebate
program for single manufacturer or single source products. The major objectives
for such a program would be to:

) Allow California to realize the same discounts and savings
offered by manufacturers to other major purchasers.

) Ensure that Medi-Cal patients would continue to receive
necessary drug treatment.

) Enable and assist in expanding the program's drug formuiary.

o) Allow the program to realize needed cost savings while

avoiding concurrent reductions in drug benefits available to
Medi-Cal beneficiaries.

While the bill did not pass during that session, 'drug rebates' continue to be a
politically active issue. In a parallel cost containment effort, a direct, specific cut in
the drug program budget was proposed by the Governor in 1989. The decrease



of approximately $80 million represents just over 17 percent of the Medi-Cal
program drug budget for that year.

These actions reflect the concern of state legislators and the executive
regarding increasing Medi-Cal program expenditures, and their intent to contain
public health care assistance costs within the state budget. There is, as in most
private and public health care programs, a continuing tension between cost
containment and participants' demand for expanded or state-of-the art therapy. In
this particular case, the Medi-Cal program has been subjected to public pressure,
from various sources, to expand the drug formulary to include prescription
medications for the treatment of hypercholesterolemia. In response, the Director
of the program requested his staff, and the relevant Medi-Cal advisory body, to
review the therapeutic class in 1989. He requested their recommendations for the
class as a whole, and specifically regarding formulary inclusion of products that
were under review. The timing of this research project was fortuitous: the study
was not initiated in response to the Director's request for a review. The study
results were, however, able to provide information that was useful to the California
Health Department's decision making process.

This research provided the Department with an in depth case-study of
gemfibrozil, a fibric acid derivative within the class of medications used to treat
hypercholesterolemia. The several items that are relevant to the drug budget,
including product acquisition, pharmacist dispensing fees and ancillary
medication related monitoring costs were aggregated and compared with
estimated program savings derived from CHD related expenditures that are
avoided as a result of targeted drug treatment of program beneficiaries. Similar
information regarding other medications in this therapeutic class, derived from
published cor publicly available information was included for comparative
purposes. The analysis is based on the results of the Helsinki Heart Trial, a five
year, randomized, double blind clinical trial of the effects of treatment with
gemfibrozil in a selected group of middle aged dislipidemic men.

The following sections present the analytic methods used in this research,
and the findings presented to the Medi-Cal program. Section Il is a brief review of
the literature regarding the relationship of cholesterol metabolism and CHD. The
properties of several available prescription products and current



recommendations regarding drug therapy for dislipidemia are reviewed. The
section also includes a discussion of the various acute and chronic manifestations

of CHD.

Section Il describes the Helsinki study itself and how it was used to
provide the basis for development of a new cost-effectiveness model of
hypercholesterolemia therapy. Section IV describes the statistical methods
employed in defining the relationship between gemfibrozil therapy, other risk
factors, and coronary health outcomes for the 4,022 Helsinki trial patients whose
records were used as the basis of the gemfibrozil cost-effectiveness model. The
results of this analysis are presented in Section V.

Section VI introduces the cost side of the Cost-Benefit model. Section VI
documents prevailing charges for AMI treatment and also provides the calculation
of medication costs for gemfibrozil and alternative pharmaceutical therapies. The
findings for gemfibrozil's impact on total five-year treatment costs based only on
outcomes recorded in the HHS trial are presented in Section Vil. Benefits derived
from avoided AMI and sudden death do not off set the cost of drug therapy in any
targeted treatment’ strategy.

Section VIll illustrates the extension of the Lopid cost-benefit model to
include those avoided treatments for ischemic heart disease, angina pectoris, and
other categories of CHD that can be expected to result from gemfibrozil therapy
for dislipidemia. A specific example of potential extensions of the gemfibrozil cost-
benefit model is demonstrated in this section, utilizing data from the California
Medicaid program. This section also highlights the various CHD risk groups
identified by the analysis. The recent literature discusses the inefficiency of the
NCEP guidelines in patient targeting. This study proposes alternate patient
identification strategies and shows that through careful targeting of high-risk
individuals the program can minimize costs and potentially achieve net savings.
The basis for these results, including various assumptions regarding patient
targeting for optimal dislipidemia drug therapy and the cardiovascular care that
can be avoided as a result of such drug treatment, will be reviewed in this final
section.



. LITERATURE REVIEW

A. CHOLESTEROL, LIPIDS, AND VARIETIES OF LIPOPROTEINS AND
CORONARY HEART DISEASE '

Cholesterol is a complex organic molecule found in the human diet and
also synthesized 'de novo' in the human body. A schematic of the biochemical
pathway for the synthesis of cholesterol demonstrates its importance in the
human body. It is a precursor for bile acids and steroid hormones (as shown in
Appendix Figure A.1) and also a key component of cell membranes. Cholesterol
travels in the circulation in spherical particles, containing both lipid and protein,
called lipoproteins.

Lipoproteins are particles with a hydrophobic oily core consisting of
nonpolar lipids (triglyceride and cholesterol esters), coated with native surfactants
(phospholipids and free cholesterol). Rifai (1986) outlines the classification of
lipoproteins based on their physical and chemical properties. The separation of
lipoproteins in density gradient ultracentrifugation into five distinct bands leads to
the following nomenclature:

1) chylomicrons,

2) very low density lipoproteins (VLDL),

3) low density lipoproteins (LDL),

4) intermediate density lipoproteins (IDL), and
5) high density lipoproteins (HDL).

Table 1, based on Rifai's classification scheme, indicates the difference in density
of the lipoprotein classes. The constituent triglyceride, cholesterol, phospholipid
and apoproteins are found in different proportions in each class of lipoprotein.

The Metabolism of Cholesterol in Humans in Relation to
Atherosclerosis

Cholesterol and triglyceride, the major plasma lipids, are essential
substrates for cell membrane formation and also provide metabolic energy in the
form of free fatty acids. The lipid transport system involves a complex interaction



TABLE 1

CHARACTERISTICS OF HUMAN PLASMA LIPOPROTEINS*

Variable Chylomicron VLDL IDL LDL HOL
Density, g/mi < 0.95 0.95 - 1.006 1.006-1.019 1.019-1.063 1.063-1.210
Molecular weight ~ 0.4-30X10°  5.10X108  3948x10° 275X 106 3.6-1.8X10°
Diameter, nm > 70 25-70 22-24 19-23 4-10
Lipid-protein ratio 99:1 90:10 85:15 80:20 50:50
Major lipids Exogenous Endogenous  Endogenous  Cholesterol ester Phospholipids,
triglycerides triglycerides free cholesterol cholesterol
cholesterol ester
esters
Major proteins Al B-100 B-100 B-100 Al
B-48 Cl E All
Cl Cll
Cll cii
CHi E

* VLDL indicates very-low-density lipoproteins; IDL, intermediate-

lipoproteins; and HDL, high-density lipoproteins

Source: Rifai, N., Lipoproteins and Apolipoproteins, Archives of Patholo

110(8):694-701, 1986

density lipoproteins; LDL, low density

gy and Laboratory Medicine,



between specific enzymes, tissue receptor sites and lipoproteins. The end result
of this interaction is the efficient transfer of lipids to and from the tissues in the
body. Thus, the structure consisting of cholesterol, triglyceride, phospholipid and
apoproteins termed ‘lipoprotein’, described above, serves as a transport vehicle
for hydrophabic lipids in plasma.

Fats in the diet are solubilized by bile salts in the intestine, absorbed by the
intestinal mucosa and then form chylomicrons. Triglycerides in the chylomicrons
are hydrolyzed and the resulting chylomicron remnants are removed by the liver.
Similarly, the triglyceride rich VLDL secreted by the liver pass into the peripheral
circulation and come into contact with lipoprotein lipase which is located on the
surface of capillary endothelial cells. This enzyme hydrolyzes the triglycerides
leaving VLDL remnants which return to the circulatory system. Those VLDL
remnants not taken up by the liver are degraded into LDL. A specific LDL
receptor protein located particularly on the surface of hepatocytes removes 65-75
percent of freely circulating LDL under normal conditions, with other extra-hepatic
tissues removing some smaller quantity of LDL from the system (Grundy 1987;
Perry, 1986).

The highest concentration of plasma triglycerides is found in VLDL in the
fasting state and in chylomicrons in the non-fasting state. Between 60-70 percent
of total plasma cholesterol is found in LDL. The lowest amount of plasma
triglycerides and only 20-30 percent of serum cholesterol is found in HDL, which
is synthesized in the liver and intestines. HDL functions as a scavenger of
cholesterol, accepting it from extrahepatic tissues and transferring it to VLDL or
LDL. The cholesterol carried by HDL can be removed in the liver. This process is
diagrammed in Figure 1.

Finally, the cholesterol-ester rich, triglyceride poor, LDL filter readily into the
arterial wall and can promote the development of atherosclerosis leading to CHD.
The atherogenic property of LDL along with the protective, scavenger function of
HDL suggest the clinical value of gemfibrozil which is shown to simultaneously
decrease LDL and increase HDL levels in hyperlipidemic patients.
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The Mechanisms of Primary Hypercholesterolemia in Humans

Several epidemiologic studies have established that hypercholesterolemia
is a risk factor in CHD:-the Framingham Heart Study (discussed in detail below),
the LRC-CPPT (Gordon, et al; 1986, Lipid Research Clinics Program, 1984) and
the Multiple Risk Factor Intervention Trial (Martin, et al, 1986; MRFIT, 1986, Cutler
et al, 1985). These three studies support a continuous, positive, curvilinear
relationship between cholesterol concentration and CHD risk.

Grundy (1986) aggregates data from various sources to draw hypothetical
relationships among plasma cholesterol levels, severity of coronary
atherosclerosis and CHD risk. These relationships are shown in Figure 2, which
plots incremental levels of plasma cholesterol against the percentage of the
surface of coronary arteries covered with raised atherosclerotic lesions. If we
assume a linear relationship between atherosclerosis and CHD (Strong and
Solberg, 1968; Solberg and Strong, 1983), when more than 60 percent of the
artery wall surface is covered with raised plaque the individual's risk of CHD is
substantially increased. Superimposed on this linear cholesterol-plaque plot is
the curvilinear increase in cholesterol related risk of CHD proposed by Stamler, et
al, (1986). There is a congruence of the 60 percent surface plague threshold and
the substantial increase in CHD risk at serum total cholesterol levels greater than
250mg/dL.

Aging is an important factor which contributes to hypercholesterolemia.
Among Americans, levels of plasma cholesterol increase by an average of 40 to
50 mg/dL between the ages of 25 and 50 years. These population-based
averages of cholesterol by age and race are shown in Appendix Table A.2. Data
indicate that the age specific increase in total plasma cholesterol and LDL-
cholesterol is due to both an increase in the production rate of LDL and a
decrease in the fractional catabolic rate (FCR) of the LDL-apo B complex in oider
people (Vega and Grundy, 1986).

Three hypotheses regarding this age related hypercholesterolemia have

been advanced (Vega and Grundy, 1986). The first is a simple overproduction of
LDL in the liver; the second is a decrease in the activity of specific receptors

11
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responsible for clearing LDL from the plasma; finally, the LDL particle may itself
be abnormal in older individuals, and have a lower affinity for the receptor.

in addition to the biochemical and age related increase in cholesterol,
some small percentage of the population suffers from a hereditary genetic
disorder which prevents synthesis of the LDL specific receptor. Thus, premature
CHD can result from high LDL - cholesterol levels, in the absence of other risk
factors (Schafer & Levy, 1986). This genetic disorder may be manifest in the
relatively mild heterozygous form, but it is most clearly demonstrated in children
who have the rare homozygous familial hypercholesterolemia which causes an
absence of functional LDL receptor sites (Brown, 1986). Individuals with the
heterozygous disorder manifest increased CHD incidence in middle age.
Elevated LDL cholesterol levels of up to 1000mg/dL, severe atherosclerosis, and
CHD can develop before the age of 20 years in individuals suffering from the more
severe homozygous form of disease.

Risk Factors for Coronary Heart Disease

The previous discussion establishes the relationship  of
hypercholesterolemia to the risk and incidence of CHD. Other predisposing
factors for CHD are a variety of disorders of lipid metabolism, including
hypertriglyceridemia, hypertension and diabetes mellitus. General risk factors for
CHD, abstracted from a number of sources, are shown in Table 2. The effects of
aging and genetic disorders were discussed above. The incidence of CHD is up
to six times more frequent in males than females. Steroid hormones (androgens
in men, estrogens in women) and differences in the regulation of glucose
metabolism are implicated in this sex linked difference in athersclerosis and
concomitant CHD. The interaction of cholesterol with hypertension and cigarette
smoking, increasing the relative risk of CHD, is shown in Table 3.

B. EPIDEMIOLOGIC STUDIES OF CHD: THE FRAMINGHAM HEART
STUDY

The Framingham Heart Study is a continuing epidemiologic study of heart

disease in Framingham, Massachusetts. A total of 6510 individuals (3090 males
and 3420 females) between the ages of 30 and 62 years were randomly sampled

13



TABLE 2
RISK FACTORS ASSOCIATED WITH ATHEROSCLEROSIS

RISK FACTOR REVERSIBLE
Aging No
Male No
Genetic traits No
Cigarette smoking Yes
Alcohol intake Yes
Hypertension Yes
Obesity Yes
Drugs producing or aggravating Yes
hyperiipidemia

Dietary factors Yes
Physical inactivity Yes
Emotional stress Yes
Personality type Yes

Source: Various, Discussed in Text.
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TABLE 3

INTERACTION OF CHOLESTEROL WITH HYPERTENSION
AND CIGARETTE SMOKING IN CHD RISK

INDEX OF CHD RISK
SERUM CHOLESTEROL NORMOTENSIVE HYPERTENSIVE
QUINTILE, MG/DL NONSMOKER SMOKER
<182 1.6 6.3
182-202 25 10.0
203-220 2.7 15.5
221-244 3.8 16.6
> 245 6.4 21.4

Source: Kannel, W. B., et al, Overall and CHD Mortality Rates in relation to Major Risk Factors in
325,348 men screened for the MRFIT, Am. Heart. J., 112:878-885, 1982.
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from the population during 1948-1950. Individuals with diagnosed CHD, angina,
or coronary insufficiency were excluded. Characteristics of the Framingham
study population are presented in Table 4.

Kannel, et al (1871) prospectively examined the risk of CHD over a 14 year
period in this study population, relative to prior cholesterol levels for the individual.
At that time, measurement and classification of cholesterol was based on
electrophoresis. They reported that during the 14 years of follow-up, 323/2284
men and 169/2845 women manifested clinical symptoms of CHD. Incidence of
CHD increased with age, appearing at a younger age in men but at approximately
similar rates in the older members of the group regardiess of sex. In the initial
examination, the mean level of serum lipids and lipoproteins was higher in
individuals who later developed CHD.

Gordon et al (1977) measured lipid and lipoprotein values including
triglycerides, LDL, HDL and total cholesterol in 2815 men and women, aged 49 to
82 years, in the Framingham study group between 1969 and 1971. They reported
an association (p < 0.05) of LDL cholesterol with CHD incidence that developed
in 79/1025 men and 63/1445 women studied. Conversely, in these older
individuals, a potent protective role of HDL with an inverse association to CHD
was demonstrated (p < 0.001) in both men and women. Castelli et al (1986)
confirm this HDL protective effect in a 12 year follow-up. Study participants at the
80th percentile for HDL cholesterol were found to have half the risk of developing
CHD when compared with subjects at the 20th percentile of HDL cholesterol.

Kannel (1985) reports that the incidence of CHD is higher in diabetic
Framingham study participants. In these patients elevated VLDL and triglyceride,
combined with reduced HDL, accounted for the increase in CHD. These factors
are associated with obesity and precede the onset of diabetes. The diabetes
related increased risk of CHD has a greater impact in women and predisposes
them to cardiac failure and death. In men, silent (undiagnosed) myocardial
infarction seems to be a predominant coronary end-point related to diabetes.

Castelli and Anderson (1986) summarize our current understanding of

CHD risk as determined from the long-term follow-up of Framingham participants.
CHD developed in 1 out of every 5 men and 1 out of every 17 women in this
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TABLE 4

FRAMINGHAM POPULATION CHARACTERISTICS (1949)

Total Males Females
Random Sample 6510 3090 3420
Respondents 4469 2024 2445
CHD free subjects 4393 1976 2417
Volunteers 734 307 427
Total CHD-free 5127 2283 2844

Age Distribution: 30-62

Exclusion criteria: CHD or angina or coronary insufficiency determined by definite history, ECG, or
angina pectoris
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group. Total cholesterol is a reasonable predictor of CHD in persons less than 50
years. More sophisticated lipid analysis is required in older individuals. In
general, HDL cholesterol is a powerful predictor in middle aged and older people
and inversely related to CHD. Hypertension is another important risk factor in the
development of CHD. Finally, abnormally high total cholesterol to HDL ratios may
explain the incidence of CHD in "normal range" cholesterol individuals who
manifest total cholesterol values under 250mg/dL. This conciusion is particularly
relevant to the action of gemfibrozil which is the only medication that has been
shown to consistently elevate HDL ievels in men.

Wilson et al, (1987) describe the general risk factors for CHD that have
emerged from the Framingham heart study. These predictors include age,
gender, total cholesterol, HDL cholesterol, systolic blood pressure, cigarette
smoking, glucose intolerance and left ventricular hypertrophy on
electrocardiogram or enlargement in a chest x-ray. Multivariate regression
models allow the estimation of the conditional probability of cardiac events and an
understanding of the relative contribution of each risk variable.

It is useful to note from their discussion that the Framingham coronary risk
profile has been applied to other populations and "found to be a reliable predictor
for similar U.S. populations." In a similar fashion, during later stages of this
research, we will attempt to derive estimates of CHD risk and the contribution of a
congruent set of risk factors, for the Helsinki study population. These estimates
can be applied to various groups within the U.S. population to arrive at a
calculated conditional probability of CHD in a U.S. sample, with and without
treatment using gemfibroazil.

C. THE NATIONAL CHOLESTEROL EDUCATION PROGRAM: 1987
RECOMMENDATIONS

An expert panel convened to report on the "Detection, Evaluation and
Treatment of High Blood Cholesterol in Adults” classified individuals based on
serum total cholesterol and in some cases, after detailed lipoprotein analysis, on
the level of LDL-cholesterol. Non-lipid risk factors, similar to those outlined in
Table 2 above, play an important role in the NCEP categorization of patients and
derivation of treatment strategies. Serum total cholesterol values below
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200mg/dL are considered “desirable" while the range of 200-240 mg/dL is
classified as "borderline - high" and those individuals exhibiting values over
240mg/dL are placed in the "high blood cholesterol" category (NCEP 1987).
Patients who are not in the desirable range of total cholesterol require additional
testing to analyze specific lipoprotein fractions to arrive at a treatment plan. The
schematic -presented in Appendix Figure A.2 represents the testing/treatment
decision framework recommended by the NCEP.

Bush and Ridel (1991) confirm earlier reports in the literature and conclude
that tctal cholesterol exhibits relatively poor sensitivity as a screening tool for
identifying individuals at risk for CHD. Using the NCEP guidelines they simulated
a population based screening program based on LRC-CPPT data. They find that:

"...Following the NCEP process, 21% of those with high LDL concentrations and
66% of those with low HDL concentrations would not be routinely referred for
immediate treatment. Overall, 41% of those at high risk of CHD would not be
properly evaluated.”

The analysis | present in this research will make a similar comparison. | will
first estimate the costs and economic and health consequences of offering
dislipidemia therapy to participants in a public health care program, based on
case finding according to the NCEP guidelines. | will then compare these results
with an optimization strategy based on a CHD-risk model developed from the
Helsinki Heart Study data.

Cholesterol levels can fluctuate from day to day within an individual. In
fact, the standard deviation of repeated measurement in an individual over time is
reported as 18mg/dL for total cholesterol (Jacobs and Barrett-Conners, 1982)
and 15mg/dL for LDL-cholesterol (Knoke and Hawkins, 1985). This intra-
individual variability suggests that suspected cases of hypercholesterolemia
should be retested, two or even three times at reasonable intervals, to establish a
diagnosis. The NCEP expert panel recommends that patients with total serum
cholesterol over 200mg/dL should have a repeat measurement in 1-8 weeks; the
average of the two values determines the patient's risk status. If the difference in
the two values is over 30mg/dL, a third test should be performed within another
1-8 weeks and the average of the three values used for diagnostic purposes.
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Physicians and the general public are increasingly aware of recent
information regarding cholesterol and CHD; they are also taking positive steps to
modify risk in a variety of ways. This is shown by Schucker et al, (1987(a) and
1987(b)) who provide insight from surveys conducted in 1983 and again in 1986.
The results of their four random samples, two of physicians and the other two of
the general public, are presented in Tables 5 and 6. It is interesting to note that
the physicians who were surveyed accepted the data regarding the relationship of
cholesterol to CHD only recently, relative to the general public. Figure 3 shows
changes over time in the treatment of moderate and high cholesterol levels.
These results from the physician survey indicate that both diet modification and
medication are now prescribed at lower cholesterol levels compared to the recent
past.

In a recent study of cardiologists' treatment practices Cohen et al (1991)
interviewed patients with chest pain who were admitted to a teaching hospital for
coronary angiography. The authors found a trend toward increased active
treatment of lipid disorders in these patients. At the end of the two year study
period about 35 percent of the patient population were receiving targeted therapy,
an increase from 17 percent of the population at initial interview.

Cohen et al comment on their results and discuss the causes of the low
level of cardiologists' involvement in assessing and treating dislipidemia. The
specialist physicians in this study might feel that they provide acute care and,
consequently, the responsibility for such intervention lies with the internist or
family practitioner. Staff resource constraints are also important in inhibiting
physicians' efforts in this area. In addition, marginal return to physicians on time
spent in counseling activity is likely to be small, approaching zero. Outside the
sphere of influence of Framingham and similar lipid research centers, specialist
physicians' awareness of or ability to intervene in long term dislipidemia therapy
may be limited. The authors argue for an aggressive educational effort regarding
the effects of, and treatment for dislipidemia, targeted at cardiologists and other
specialists.
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FIGURE 3

CURRENT (1986) PHYSICIAN TREATMENT PRACTICE
FOR HIGH BLOOD CHOLESTEROL

1986 Diet
6.21-6.70 mmolL
(240-259 mg/dL)

1983 Diet
6.72-7.21 mmolL

(260-279 mg/dL)

1986 D
776-825ggmol/l.

.
Lﬁ Y —— >

(300-31 9 mg/dL) 1983 Drug
l 8.79-9.28 mmolL
- 6.21 6. 72
(240)(260)

1(340-359 mg/dL)
Total Cholesterol Level, mmolL (mg/dL)
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TABLE 5

CHANGES IN PUBLIC PERSPECTIVE ON CHOLESTEROL AND CHD

1983 1986

N = 4007 ITEM N = 4003
56% | Response Rate 67%
64% Cholesterol CHD 72%
35% Had Cholesterol Level Checked 46%
64% Diet Change Best Treatment 71%
14% Made Diet Changes 23%

Source: Schucker, Beth, et al, Change in Physician Perspective on Cholesterol and Heart Disease:
Results From Two National Surveys, JAMA, 258(24):3521-3526, 1987(a).

TABLE 6
CHANGES IN PHYSICIAN PERSPECTIVE ON CHOLESTEROL AND CHD

1983 1986
N = 1610 ITEM N = 1277
56% Response Rate 62%
39% Cholesterol  CHD 64%
88% Stop Smoking CHD 93%
64% Treat Hypertension ~ CHD 79%
28% Reduce Fats in Diet 40%

Source: Schucker, Beth, et al, Change in Physician Perspective on Cholesterol and Heart Disease:
Results From Two National Surveys, JAMA, 258(24):3521-3526, 1987(b).
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D. TREATMENT OF HYPERLIPIDEMIA

| have discussed the recommendations of the NCEP expert panel in the
previous section. Theif schematic therapeutic intervention strategy is reproduced
in Appendix Figure A.2. In high-risk patients, the first line of treatment is based on
behavior modification and diet control. In these 1987 recommendations for
‘borderline high' patients, medication is suggested only when vigorous efforts to
control hyperlipidemia through changes in diet have failed. In fact, these 1987
recommendations promote both diet or medication at lower serum cholesterol
levels than previously suggested in the literature.

A variety of medications are available to treat patients for whom therapeutic
diets have not succeeded, or who are initially diagnosed to fall into the high risk
category. The three commercially important classes of pharmaceuticals are bile
acid sesquestering agents, enzyme inhibitors and the fibric acid group of
therapeutic agents. Winston (1987) provides an excellent review of the
metabolism of lipids and lipoproteins; he relates this information to the
mechanism of action of each of these three important groups of compounds as
well as a few other products that may be used in treatment of hyperiipidemia.

This information for the three major groups of drugs mentioned above can
be summarized as follows:

Sequestering agents (e.g., cholestyramine) are non-absorbable
resins which bind bile acids in the intestine and prevent their
reabsorption. In response, the human system converts available
cholesterol into bile acids. The liver increases the number of LDL
receptors. Hepatic uptake of LDL, and therefore cholesterol, is
enhanced. Plasma LDL and cholesterol are concomitantly reduced.

HMG-CoA reductase is the enzyme that catalyzes the rate limiting
step in the biosynthesis of cholesterol, the conversion of 3-hydroxy-
3-methylglutaryl coenzymeA to mevalonate. Enzyme inhibitors such
as lovastatin (Mevacor) inhibit this enzymatic reaction. The resulting
decrease in cholesterol biosynthesis produces effects similar to the
sequestering agents and a decrease in plasma LDL is observed.
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Hoeg and Brewer (1987) review the mechanism of action of this
class of products and summarize currently available information
from clinical trials of this class of drugs. Table 7 abstracts their
information regarding lovastatin. The small sample size in these
studies immediately raises questions regarding the actual reduction
in LDL and increase in HDL that will be observed during therapeutic
use of this product on a wider scale.

In the fibric acid group, the mechanism of action of gemfibrozil is still
unciear. Saku et al (1985) suggest that it increases the activity of
lipoprotein lipase, effecting an increased clearing of VLDL. In
addition, the stimulation of apoprotein Al and All production and
HDL synthesis result from treatment with gemfibrozil.

Table 8 summarizes important results regarding the therapeutic agents
commonly used in the treatment of hypercholesterolemia. Appendix Table A.2
provides detailed information regarding the effects of a variety of medications,
alone and in combination, on serum lipids. gemfibrozil is the only medication
demonstrated to both lower LDL and increase HDL in a carefully controlled,
double blind randomized trial of substantial sample size.

The Helsinki Heart Study - Gemfibrozil Clinical Trial

Frick et al (1887) report on the efficacy of gemfibrozil (Lopid) in reducing
the risk of CHD. A group of 4081 asymptomatic middle aged men with non-HDL
cholesterol equal to, or greater than, 200 mg/dL were randomized into two
groups in a double blind, five year clinical trial of the drug. One group of 2051
men received 600 milligrams of gemfibrozil twice daily, while the other group of
2030 men received placebo. Characteristics of the screened and study
populations are presented in Table 9, reproduced from Manttarri (1987).

The cumulative rate of cardiac end points was 27.3 per thousand in the
gemfibrozil group and 41.4 in the placebo group. This corresponds to a 34.0

1 We understand that Merck (the manufucturer of Mevacor) and Squibb are jointly contributing to a clinical trial of their
products sponsored by the National Institutes of Heaith. The trial was to have started in this fiscal year, but has been
postponed due to the lack of sufficient funds in the Federal budget appropriation.
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TABLE 7

EFFICACY OF HMG-CoA REDUCTASE INHIBITORS
IN CLINICAL TRIALS

NO. OF DOSE % CHANGE IN CHOLESTEROL
REGIMEN PATIENTS MG/D DESIGN TOTAL LDL HDL
Mevastatin
Heterozygous FH
Monotherapy 13 10-80 Open 33 -38 +2 (13)
6 40 Blind 31 -35 +16 (14)
5 40 Blind -23 -24 +9 (15)
+ Colestipol 12 80 Open -51 -54 -2 (16)
hydrocholoride 6 40 Blind -43 -52 +8(17)
+llieal bypass 1 40-80 Open 44 49 +42 (18)
+Neomycin sulfate 21 40 Open -27 -30 6 (19)
Homozygous FH 6 40 Open -14 -21 +30 (20)
Non-FH type il 18 40 Blind -22 -31 +14 (14)
12 20-40 Blind 22 31 +23 (21)
101 10-80 Blind -32 -39 +13 (22)
Type Il 12 40 Blind -59 -33 0 (23)
Nomolipidemia 59 12-100 Blind -23 - -27 -35 - 45 0 (24)
24 10-100 Blind -14 - -24 NR NR (25)

NR = Not Reported
Source: Hoeg, Jeffrey, M., et al, 3-hydroxy-3-methylglutaryl-coenzyme A reductase inhibitors in
the treatment of hypercholesterolemia, JAMA, 258(24):3532-3536, 1987.
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TABLE 8

SUMMARY OF RESULTS OF VARIOUS DRUG TREATMENTS

REDUCE LONG-TERM MAINTAINING LbL-C* HDL

DRUGS CHD RISK SAFETY ADHERENCE LOWERING INCREASE
Cholestyramine Yes Yes Requires15-30% No

+ (19%) Considerable
Nicotinic Acid Education
Lovastatin Not Proven Not Relatively25-45% ?
(Mevacor) EstablishedEasy
Gemfibrozil Yes Preliminary Relatively5-15% 8-12%
(Lopid) 34% EvidenceEasy
Probucol Not Proven Not Relatively10-15% No

EstablishedEasy

Source: Various, discussed in text.

*LCL-C = LDL-Cholesterol
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TABLE 9

HELSINKI HEART STUDY
CHARACTERISTICS OF THE SCREENED AND STUDY POPULATIONS

Characteristic

No. of subjects

Age

Screened
Population

18,966

47.3 +/-4.7

Body-mass index (kg/m1) 26.3 +/-3.2

Blood pressure (mm Hg)
Systolic
Diastolic

Cholesterol
Total

HDL
Non-HDL

Triglycerides (mg/dl)

Fredrickson type
ila
lib
v

141.0 +/-17.1
90.3 +/-10.5

244.7 + /- 45.1
49.4 +/-11.9
195.4 +/-45.9

ND
ND

ND
ND

— Treatment Group

Gemfibrozil
2051
47.2 +/-3.2
142.1 +/-16.6
142.1 + /- 16.6

91.5 +/-10.2

289.1 + /- 32.9
471 +/-105
242.1 +/-32.2

175.3 +/-117.8
63.3

27.9
8.8

Placebo

2030

26.6 +/-3.2
141.3 + /- 16.4
141.3 +/- 165

91.0 +/- 10.2

288.7 + /- 31.3
471 +/-11.0
241.7 + /-30.8

176.6 + /- 120.5
63.7

275
8.5

*HDL denotes high-density lipoproteins, and ND not determined in the first screening.
To convert values to millimeters per liter, multiply by 0.02586.
Total cholesterol minus HDL cholesterol.
To convert values to millimeters per liter, multiply by 0.01129.

Hypertension was defined as one screening systolic blood pressure of > 170 mm Hg. or a

diastolic pressure > 105mm Hg: It was also considered present if the patient was taking

antihypertensive medication.

Source: Manttari M, Elo O, Frick MN, et al. The Helsinki Heart Study: Basic design and

randomization procedure. Eur Heart J. 1987;8(Suppl 1):1-29.
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percent reduction in the risk of CHD (95 percent confidence interval, 8.2 to 52.6;
P < 0.02; two-tailed test). This decline in incidence of CHD was apparent after
the first year and continued to the end of the study.

Changes in plasma lipid values during this trial are equally interesting and
important to the patient. For example, HDL-cholesterol increased 4.1 mg/dL on
average in the gemfibrozil treated patient after 24 months. LDL-cholesterol
decreased 16.7 mg/dL and total cholesterol decreased by 23.0 mg/dL in the
same frame of reference. Men in the placebo group exhibited only minimal
changes in lipid values, with HDL constant, and both LDL and total cholesterol
increasing slightly.

As discussed above, Wilson et al (1987) used logistic regression models to
estimate the influence of several risk factors on CHD, and a six-year CHD
incidence probability for the Framingham study group. They present calculated
percent increments in coronary artery disease (CHD) risk associated with specific
risk factors. For example, in their calculations a decrease in HDL-cholesterol
results in a calculated percent increase in CHD risk. From the Helsinki Heart
Study it would be interesting to calculate an opposite effect (i.e., the decrease in
CHD risk conditional on an increase in HDL-cholesterol). Let us assume for the
moment that changing the direction of their risk factors simply changes the
direction of the percent influence on risk, and not the magnitude. With this
assumption, a simple linear extrapolation of the Wilson model to the Helsinki
Heart Study data is instructive. The observed average 4.1 mg/dL increase in
HDL-cholesterol in this translates to a 17 percent decrease in CHD risk, and the
23.0 mg/dL decrease in total cholesterol results in a 76 percent decrease in CHD
risk in men. These results can be usefully compared with the predictions of risk
with and without gemfibrozil treatment in the analysis presented below.

E. ADVERSE HEALTH OUTCOMES ASSOCIATED WITH CORONARY
HEART DISEASE

As discussed previously, coronary heart disease is the leading cause of
death and lost life expectancy in the United States population. The annual
economic cost of CHD in the U.S. is estmated to exceed $80 billion (Rice, 1985).
For the purposes of this study we are concerned with the continuing costs of
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treating CHD, and the major adverse health outcomes associated with this
chronic illness. The determination of which therapeutic interventions will produce
the greatest health benefit at a given level of cost involves assumptoins about hte
incidence of CHD among various demographic groups, mortality and morbidity
under various assumptions about treatment, and forecasts of the economic
implicatyions of these patterns of therapeutic intervention. In this section | will
summarize published studies on the incidence of CHD and the major outcomes
associated with this iliness. | will also discuss the health care services used in
treating these adverse outcomes. This review will focus on published studies.

Coronary heart disease (also known as coronary artery disease or
ischemic heart disease) is the cause of approximately 89 percent of all deaths
ascribed to heart disease (National Center for Health STatistics). The disease can
appear with varying degrees of severity and may affect different parts of the heart.
The same basic disease mechanism underiies all the variant forms. To facilitate
this discussion of the incidence of coronary heart disease, | will focus here on four
mutually exclusive diagnostic categories: myocardial infarction (M), sudden
cardiac death, coronary insufficiency (Cl) and angina pectoris uncomplicated
(APU). The first three categories comprise what are popularly referred to as
"heart attacks".

There have been numerous studies that offer incidence figures on selected
varieties of CHD. We have discussed the most notable example: The
Framingham Heart Study. This study is one of the few that has developed
comprehensive incidence rates for men and women. In the summaries presented
below | will discuss incidence rates available from published studies based on
Framingham data and other studies, as appropriate. These incidence rates are
then generalized to the U.S. population.

Myocardial Infarction. A myocardial infarction (MI) is the damage or
death of an area of the myocardium, the heart muscle, that occurs when one or
more of the three coronary arteries that supply blood to the heart are occluded.
The major symptom is severe, prolonged chest pain. A recent Ml is diagnosed
when changes occur on electrocardiographic tracings indicating na inverstion of
T waves, the loss of R wave potential, and/or the development of Q waves.
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hough most Mls cause significant pain or other recognizable symptoms, many
are unrecognized by the patient. Because of their nature, unrecognized Mis
(which may be diagnosed weeks or perhaps months later) do not receive the
medical attention nor generate the treatment-related costs characteristic of
recognized Mis. Approximately 20 percent of nonfatal Mlis are initially
undiagnosed (Mully et al, 1980).

Based on Framingham data generalized to the U.S. population, the total
incidence of Ml is over 231,000 annually (see Table 10 for a detailed breakdown)
(Shurtloff, 1973). Of persons who experience recognized MI, approximately 17
percent are fatal, though the proportion of MIs that are fatal varies significantly
with age and sex. A fatal Ml is defined as death within 30 days of the attack. An
estimated 20 to 30 percent of persons suffering a first heart attack die as a direct
result of the MI. Of survivors, approximately 5 percent die during each ensuing
year. Reinfarctions occur in approximately 50 percent of survivors within eight
years. Fifty percent of these recurring attacks will be fatal (Charles and
Kronenfeld, 1980).

Persons who experience an MI are also at increased risk for other
coronary events. They are at a ten-fold risk for congestive heart failure, and a
five-fold risk for stroke when compared with the general population.

While mortality rates due to CHD have declined over time, data indicate
that there has been an increase in the age adjusted attack rate of initial Mis, as
well as recurrent events (Kannel and Thom, 1985). Initial Mis have increased from
504 to 628 per 100,000 between 1975 and 1981 (Charles and Kronenfeld, 1981).
Recurring MIs have increased from 259 to 350 per 100,000 over the same time
period. These significant increases are associated with the rise in the population
65 years and older.

Sudden Death. A separate incidence category, sudden death,
encompasses all deaths from MIs that occur within sixty minutes of the attack.
Sudden death is caused by an MI involving arrhythmias (irregular heart beats)
and ventricular fibrillation (severe arrhythmias that limit heart muscle action).
These deaths are most likely to occur before the victim obtains any medical care,
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TABLE 10

ANNUAL INCIDENCE OF CORONARY HEART DISEASE
BY AGE, SEX, AND DIAGNOSTIC CATEGORY, 1975

SUDDEN DEATH Mi (RECOGNIZED) Ci APU
MALES
0-14 10 50 31 28
15-24 43 21 130 116
25-34 515 2,506 1,545 1,373
35-44 3,011 14,655 9,034 8,030
45-54 10,135 33,404 11,066 26,579
55-64 22,288 59,042 9,083 60,051
65-74 6,726 46,052 9,818 27,447
75+ 3,538 24,257 5,152 14,322
TOTAL 46,266 180,177 45,859 137,946
FEMALES
0-14 2 5 3 13
15-24 7 21 14 57
25-34 86 261 174 697
3544 517 1,576 1,050 4,202
45-54 2,210 6,742 3,316 16,246
55-64 3,757 12,960 12,115 53,250
65-74 9,534 17,797 7,486 42,444
75+ 6,588 12,303 5,134 29,111
TOTAL 22,701 51,665 29,292 146,020
TOTAL POPULATION 68,967 231,842 75,151 283,966
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and the cause of death cannot be reasonably attributed to some potentially lethal
disease other than CHD. The estimated annual incidence of sudden death is
approximately 69,000 persons (see Table 10). By definition, mortality is 100
percent in this group of persons. -

Coronary Insufficiency. The third form of heart attack, coronary
insufficiency, includes cases of CHD where symptoms are more severe than
those of uncomplicated angina, but less severe than those of an Ml. Coronary
insufficiency often manifests itself as variable or progressively worsening forms of
angina and is frequently referred to as unstable angina pectoris. In general, Cl is
a state where the coronary circulation is insufficient to meet the metabolic
demands of the heart muscle at rest. Coronary insufficiency is diagnosed when a
patient experiences prolonged ischemic chest pain of more than 15 minutes
duration.

There is an association between coronary insufficiency and Mis. Within
two months of diagnosis of Cl, 12 to 33 percent of persons suffer an MI, and 5 to
32 percent die. Persons diagnosed with Cl receive medical treatment which
resembles that given nonfatal Ml patients. Similarly, the survival of patients with
Cl mimics the patterns of patients with nonfatal Ml (i.e., those persons who
survive for more than 30 days). The annual incidence of Cl is 75,000 persons,
with the majority of patients being male (see Table 10).

Angina Pectoris Uncomplicated. Angina is often the first manifestation of
CHD, and it is the least severe. It is characterized by a brief recurrent chest pain
of up to 15 minutes duration. (Recurrent chest pain that lasts beyond 15 minutes
is defined as Cl.) Angina is determined by the occurrence of pain with exertion,
excitement, or emotional upset. While it is not unusual for such chest pains to
accompany an Ml or Cl, it is a distinct, chronic condition that requires medical
management.

The annual incidence of angina is high - approximately 284,000 persons
each year are estimated to enter the CHD population. By definition no short-term
deaths are caused by angina alone. For example, if a person with angina has an
MI and dies, he is not considered part of the population diagnosed with angina,
but is counted in the MI population. However, angina patients do experience a
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lower life expectancy associated with more severe forms of CHD. The probability
of death in angina patients is 17.4 percent for men and 11.4 percent for women
within five years. About one-half of these deaths occur as sudden death. Other
deaths result from fatal Mis, and stroke.

Summary of Incidence of CHD. Regardless of diagnostic type, CHD is
significantly more common in men than in women, and men are 2 to 4 times more
likely to experience a heart attack. The major manifestation of CHD in men is MI
(44 percent of presenting complaints). Next in frequency is angina pectoris. For
both sexes, and for most diagnostic types, incidence increases sharply with age
up to 65 years. The mortality associated with heart attacks is high. Over 10
percent cf first coronary events are sudden death (within the first sixty minutes of
the attack). Mortality within the first month (fatal MI) is approximately an additional
15 percent.

Generalized Treatment Model for CHD. Medical treatment after a
person is diagnosed as having one of the four forms of CHD varies from patient to
patient. In this section we present a general treatment model based on readily
available data from the medical literature. The model is a necessary simplification
of several possible treatment alternatives. Figure 4 presents a schematic
overview of the treatment mode!l. Below we summarize the mode! as it applies to
the four ciagnostic categories discussed above. A more complete presentation
follows. In Section 8 we outline and present results based on a detailed computer
simulation model that projects changes in outcome and resource costs
associated with gemfibrozil therapy.

The medical care required by a sudden death victim is essentially limited to
emergency services, including transportation and care in an emergency facility.
In contrast, a person with an MI, whether fatal or not, receives extensive medical
attention. Approximately 50 percent of patients use emergency transportation
and medical treatment. All Ml patients receive inpatient care. Those persons who
survive initial hospitalization need annual follow-on care as outpatients, and may
need further in-hospital care for recurrent Mis. Persons with Cl are initially
evaluated similarly to Mi patients. However, AMI requires significantly more
intensive care, as reflected by the higher associated costs of treatment. The
patient with stable angina has fewer medical needs, especially reduced
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emergency and inpatient care. However, a small proportion of these patients do
require surgery and hospitalization.

Emergency Services. Among CHD patients, emergency transportation
services are used by victims of sudden death, Cl, and Ml. Patients with angina
are generally diagnosed and treated during routine visits to physicians.
Ambulance use is similar for patients with Cl or Ml. While the proportion of
persons utilizing emergency transportation for Mls or Cls varies geographically
and whetner or not this is an initial or recurring event, the figure is estimated at
about 50 percent (Hartunian et al, 1981). Persons having a history of coronary
events are almost universally using ambulances or mobile coronary care units
(MCCUs) for assistance, while victims of first heart attacks may be driven by
family or friends.

In the case of sudden death, all victims are transported to an emergency
room by an ambulance or MCCU (Bender and Fowkes, 1969). in most cases of
sudden death, death is instantaneous and medical care is not necessary.
However, the person is usually taken to an emergency room where death is
confirmed by a physician.

We have assumed that every heart attack patient who uses emergency
transportation also receives care in an emergency hospital facility. The extent of
care varies by patient diagnosis. The sudden death victim who is dead on arrival
receives no treatment. The Cl and MI patient may receive considerable care. A
Cl patient with laboratory results that do not indicate an MI will receive far less
care than a Cl patient who is considered to be in a preinfarction condition, and
treated similarly to the definite M patient.

Aspects of emergency care include laboratory tests, x-rays, inhospital
drugs, physician care, and the use of the emergency room itself. The estimated
costs of this care will be discussed later.

Hospitalization. Patients with a recognized MI, Cl, and some persons
(approximately 5 percent) with stable angina will be hospitalized. Patients who
have a heart attack are initially hospitalized in a conventional intensive care unit
(ICU) or a specialized coronary care unit (CCU). Patients are then transferred to
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non-intensive or convalescent care. Angina patients generally do not require
intensive care, and go directly into non-intensive care.

The length of time in intensive care is again a function of the severity of the
attack. Fatal Ml patients, by definition, survive 1 hour but die within 30 days. Fatal
Mis who die within 24 hours require an average of one day of CCU care. Fatal
Mis who survive past 24 hours and who die, on the average 15.5 days after the
attack, spend approximately 4.5 days in the CCU or ICU and an average of 11
days in less intensive care. Note, the distribution of deaths of fatal Mls is skewed
towards in-hospital deaths.

For nonfatal Mls (those persons who survive beyond 30 days) the majority
(58 percent) have an uncomplicated course of treatment, and spend
approximately 4.5 days in CCU and an average of 7 days in less intensive care
(length of stay increases with age) for a total stay of 11.5 days. The remaining
patients (47 percent) with a complicated MI remain in the CCU longer, an average
of 7 days. They also have a longer length of stay in less intensive care, an
average of 14 days for a total stay of three weeks.

Patients suffering from CI are hospitalized in almost all cases. Care for
these patients is similar to uncomplicated MI patients. They spend approximately
4.5 days in the CCU, but they spend only 5.5 days in less intensive care for a total
stay of 10 days.

Patients with angina pectoris are normally treated as outpatients. If the
pain is sufficiently disabling, hospital care is recommended. Approximately 5
percent of angina patients are assumed to be hospitalized. The average length of
stay of hospitalized angina patients ranges from 5 days for younger patients
(under 45 years) to 6.5 days for those over 65 years. For patients not requiring
surgery (discussed below) all care is provided in a less intensive setting.

Surgery. Surgery may be required for patients who undergo a major
coronary event. Surgery is rarest among M| patients and is performed in only
about 7 percent of cases. When surgery is performed the procedure is normally a
coronary artery bypass graft (CABG). We assume that 7 percent of both nonfatal

36



and fatal M| patients (especially those who survive beyond 24 hours) may
undergo CABG surgery.

Coronary insufficiency produces acute anginal symptoms, which may not
respond to nonsurgical medical management. In these cases, cardiac
catheterization is performed to determine the extent of ischemia, and this is
followed by CABG surgery. Approximately 15 percent of Cl patients undergo
bypass surgery.

Treatment for angina patients who are hospitalized and do not respond to
medical therapy is similar to that for Cl patients. They will undergo a cardiac
catheterization first which increases average length of stay slightly. Approximately
15 percent of angina patients who are hospitalized undergo bypass surgery. With
surgery, the average length of stay for these patients increases to 20.7 days.

Continuing Medical Care. With the exception of recurring Mls and
surgical treatment, medical treatment for heart attack and angina patients is
normally provided on an outpatient basis. Routine care for these patients
includes drug therapy, laboratory tests, and physician visits. It is estimated that
nonfatal Mi, Cl and angina patients average five physician visits per year. During
these visits, physicians administer electrocardiograms, chest x-rays, and routine
laboratory tests. Medical therapy varies according to the diagnostic category and
its severity. For example MI patients may have relief from chest pain after an
attack. This may temporarily reduce the individual's need for medication.
Coronary insufficiency may be complicated by chronic heart failure or
hypertension requiring continuing medication. The estimated costs of continuing
medical care are discussed below.

Heart Attack Recurrences. The likelihood of a heart attack recurrence is
much higher than that of a first attack. This is confirmed by data from the
Framingham population. It appears that the risk of recurrence to patients with
nonfatal MI and CI remains constant for at least 14 years past the initial attack.
Per-patient estimates from Framingham are as follows:

37



Age at Males 3 Age at Females

First Attack First Attack
< 55 .0728 < 55 —
55-64 .0867 < 65 1412
65 + .1145 65 + .2308

Recurrent attacks may take the form of sudden death, a fatal or nonfatal
MI, or Cl. However, recurrences are 47 percent more likely to result in a fatality
than an initial attack (Multicenter Post Infarction Research Group, 1983).
Recurrent Mis may also occur during the initial hospitalization.

Stroke. Stroke constitutes a major cause of death and disability in
persons with CHD. Stroke results from arterial blockage from emboli or thrombi,
or from hemorrhage into the brain. Embolic and thrombotic strokes involve
ischemia and infarction. Ischemia, causing impairment for less than 24 hours, is
considered a transient ischemic attack (TIA). Approximately 1 to 9 percent of
persons with CHD will have a stroke annually. First stroke victims with infarction
have a better survival rate (56 percent survive one year) than first stroke victims
with hemorrhage (31 percent survive one year) (Dombov, et al, 1986). TIAs are
not associated with death, but are associated with reduced life expectancy.

38



lli. DESCRIPTION OF HHS DATA

The data file consists of one record for each individual who participated in
the Helsinki Heart Study (HHS). Each record contains several variables
describing coronary heart disease (CHD) risk factors, including:

o age;

o) activity level;

) body mass index (which is related to obesity);
o heart rate;

o) systolic and diastolic blood pressure;

o) presence of diabetes;

o) alcohol consumption;

) tobacco smoking habit at start of HHS; and

o total cholesterol and subfractions.

Total cholesterol and subfraction levels were measured at baseline and quarterly
throughout the five-year study period. In addition to the independent CHD risk
factors, the data file contained an indicator variable for the CHD outcome of the
experiment for each individual.

Table 11 presents the baseline value for three important cholesterol
measures, total cholesterol, high density lipoprotein (HDL) cholesterol, and low
density lipoprotein (LDL) cholesterol. In this table, the baseline value for each
cholesterol type is compared to the mean value across individuals over the five
year follow-up period in the gemfibrozil treated group, and separately for the
untreated or placebo group. The calculated percent change in total cholesterol
and subfractions during the five year experiment completes background
information regarding effects of drug therapy.
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TABLE 11

HELSINKI HEART STUDY DATA
PERCENT CHANGE IN LIPID LEVELS

LOPIDR TREATED UNTREATED
BASE- 5 YEAR % BASE- 5 YEAR %
LINE MEAN CHANGE LINE MEAN CHANGE
Total Cholesterol 270 247 -8.89% 270 273 1.00%
(mg/dL)
HDL Cholesterol 47 52 10.25% 48 47 0.81%
(mg/dL)
LDL Cholesterol 1898 173 -8.67% 188 193 2.41%
(mg/dL)
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The gemfibrozi-treated and placebo groups were similar at baseline in
terms of cholesterol levels and risk factors. However, during the five-year
treatmert period, the groups differed substantially in all three categories of
cholesterol. In particular, the gemfibrozil treated group exhibited an average
decrease of 8.9 percent in total cholesterol, and an 8.7 percent decrease in LDL
during the five year period. In contrast, the gemfibrozil treated group experienced
a 10.2 percent increase in HDL ', on average, during the treatment period. These
results are attributed to the treatment with gemfibrozil. The placebo group
showed virtually no change in any lipid category during the study period.

Changes in lipid values in the gemfibrozil treated group occur rapidly
following initiation of treatment. Figures 5 - 7 indicate that the observed change in
lipids occurs during the first year of treatment. In fact, in a substantial proportion
of treated individuals, the new lipid profile was established within several months
after the medication regimen was instituted. We note from the published results
from the HHS that the beneficial effects of change in the individual's lipid profile
are experienced over a much longer time frame. The time course of the decrease
in cumulative CHD events relative to the placebo group is presented in Figure 8.

Published analysis of the HHS data indicates that while CHD incidence is
lower in the gemfibrozil treated group throughout the five-year study period, the
difference between the gemfibrozil treated and the control group with respect to
CHD is statistically significant only at the five year cumulative measurement. This
is important for both analysis of the data and for the practical implications
regarding the model's application to specific patient populations treated by
various public and private health care providers. Cost effectiveness calculations
must, therefore, be presented in a five year time frame.

COMPLIANCE WITH THERAPY

Compliance with medication regimens is an area of active interest to health
care providers and payers. Atherosclerosis, coronary artery disease and
resulting coronary heart disease are classified as chronic conditions. Patients
experience the beneficial effects of lipid lowering medications over a prolonged
period, as discussed above. Thus, clinicians will expect those patients who are at
risk for CHD due to abnormal lipid profiles to follow a specified treatment regimen
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over an extended period of time. This treatment may last for several years, or in
the extreme, over the rest of the individual's life. Compliance with this prescribed
regimen may be sub-optimal because of therapy inconvenience, side-effects, or
expense. As with all prophylactic therapies in which patients experience no
immediate symptoms of ill-effects of their disease, hyperlipidemia drugs may be
taken at less than the optimal prescribed regime simply because patients lack the
motivation to sustain compliance.

Several drugs in the lipid lowering ciass of medications are difficult to
consume. One is available in powder form and must be mixed with liquid and
dosed up to six times per day. Others have unpleasant side-effects, and may
even cause adverse biochemical and metabolic reactions in some patients.
Figure 9 demonstrates the effect of compliance in the HHS patient population.
We observe that average changes in lipid subfractions correspond quite well with
medication regimen compliance. In the figure, Q1 - Q4 represent increasingly
compliant quartiles within the population. The panels present the correlation of
medication compliance and changes in total cholesterol, and the high- and low-
density lipoprotein subfractions, HDL and LDL respectively, in the gemfibrozil
treated and placebo groups.

We observe increasing benefits in terms of lower total- and LDL-
cholesterol, and higher HDL-cholesterol as compliance improves. Published
information from the Helsinki study indicates an 84 percent compliance rate, on
average, over the five year period in the gemfibrozil-treated group. Since patients
were not aware of the monitoring for medication regimen compliance, the high
compliance rate can be expected in other populations treated with gemfibrozil
therapy. The 84 percent compliance reported in the HHS is used to calculate a
five year cost of medication for gemfibrozil and lovastatin presented in a later
section of this analysis.
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IV. REVIEW OF THE DATA AND ANALYSIS

As with most data collected from natural or controlled experiments, data for
several individuals exhibited either missing or unreasonable values for key analytic
variables. For this analysis, we retained 4,022 individuals contained in the original
study data file were retained. Errors in measurement of lipid subfractions and
other key variables caused the deletion of observations for 58 individuals.

In Table 12 we see that half of these 4,022 individuals were assigned to
gemfibrozil treatment with the other half in the placebo group. Published reports
from the Helsinki study group (reference) show that the two groups were well
matched based on age, body mass index (which is a proxy for obesity), heart
rate, blood pressure, diabetes, cigarette smoking, and cholesterol, including the
HDL and non-HDL fractions and triglycerides. These are the major risk factors
included in this analysis. Mean values for total cholesterol, HDL cholesterol, and
other risk factors in our analysis are not siginficantly different from those
published for the full HHS sample.

In addition to the independent risk factors discussed above, drug
interactions may be important modifiers of risk. The literature on CHD discusses
the alterations in lipids caused by medications used to treat hypertension,
particularly beta-blockers and some diuretics. In fact, in the Multiple Risk Factor
Intervention Trial (MRFIT) joint diuretic and nonselective beta-blocker therapy
caused a significant decline in HDL cholesterol and increase in triglycerides (both
at p < .01) (reference). These lipid alterations could explain the clinical
observation that some groups of hypertensive patients exhibit lower than
expected reduction in CHD, particularly myocardial infarction. However, our
modelling was unable to demonstrate an independent effect of interaction terms
between hypertension and initial levels of cholesterol subfractions.
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TABLE 12
CHARACTERISTICS OF HHS SUBJECTS

INCLUDED IN THIS ANALYSIS

(N = 4022)
STANDARD
VARIABLE MEAN MINIMUM MAXIMUM DEVIATION
LOPID 0.500 0 1 0.500
AGE 47.324 40 57 4.603
CURRENT SMOKER 0.381 0 1 0.480
HYPERTENSIVE 0.415 0 1 0.482
DIABETIC 0.028 0 1 0.15g*
BASELINE CHOLESTEROL VALUE
TOTAL 208.953 180 479 34.641
HOL 47.481 22 104 10.951
oL 188.888 100 33 34.158
INTERACTION TERMS
AGE x SMOK 18.8960 0 58 2728
AGE x HDL 2247.960 903 5207 §74.408
AGE x CHOL 12777.700 7222 226841 2008340
AGE x HYPR 19.831 0 57 23.683
AGE x DIAB 1.288 0 58 7.889¢
SMOK1 x RX 0.182 0 1 0.388
AGE x RX 22.8050 0 57 23838
HDU x RX 23.640 0 104 24.812
CHOU x RX 138.317 0 an 137.307
HYPER x RX 0.203 0 1 0.402
DIAB x RX 0.011 0 1 0.107¢
SMK x HYPER 0.1 0 1 0351
HYP x DIAB 0.013 0 1 0.118°
HYP x CHOL 113.388 0 480 138334
HYP x HDL 19.768 0 100 24.528
SMOK1 x TC 97.840 0 478 131.847
HOLx TC 12874.000 4873 38408 3678.600
OIAB x TC 7.013 0 358 43123
SMOK1 x HC 16.582 0 95 2334
DIAB x HC 1.188 0 e 7.398°
AGE xLOL 8943.720 4282 18879 1850.700
LDL x RX 94.801 0 k- < g7.768
HYP x LDL 78.0804 0 391 95.538
SMOK1 x LOL 68.345 0 391 $3.333
HDL x LDL 8978.010 26810 25478 2658.190
DIAB x LDL 4.800 0 273 30.090°

" VARIABLE MAS LIMITED DISPERSION.
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THE LOGISTIC REGRESSION FRAMEWORK

Logistic regression is a statistical method for analysis of the relationship
between an observed proportion or rate and a set of explanatory variables. It is
based upon the fitting of the linear logistic model :

In P!x’ =a+ bX
1-P(X)

where (X) is the expected value of a randomly obtained proportion p(X) from the
subpopulation corresponding to the vector of explanatory variables; a is the
unknown constant term and the set of b are the regression coefficients to be
estimated. These regression coefficients can be transformed to derive an
estimate of the effect of each independent variable on the overall probability of the
outcome event being modeled.

In this class of models, the range of possible values for both the intercept
and each coefficient is unrestricted, since all values between (-infinity,infinity) yield
an outcome probability in a valid range between (0,1) for all combinations of the
set of independent variables in the model. In the Helsinki Heart Study (HHS) data,
we model observed coronary heart disease (CHD) events which are represented
in the data as '0' when the individual does not experience a CHD event during the
five year trial and as '1' when he does.

For HHS data, we can reasonably assume a product binomial distribution
for the response (CHD) event. The intercept and regression coefficients are
usually estimated by iterative maximum likelihood estimation (MLE) methods as
discussed by Hosmer and Leneshow (reference)!. We note that our data is
mainly clustered in the lower tail of the S-shaped logistic distribution function
where it may be difficult to specify a model which provides a good fit to the data.
For our purpose, therefore, the iterative MLE can provide some indirect guidance
with regard to the appropriateness of the model.

1
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The maximum likelihood estimation technique adjusts the model
parameters (intercept and coefficients) until a pre-determined convergence
criterion is reached, indicating stable estimates for the model. In practice, we
expect that convergence will occur rapidly if the model is appropriate, in that it
provides a good fit to the data and is non-redundant. In fact, each of the various
forms of the model discussed below converged in six or fewer iterations,
indicating a reasonably well specified model.

The HHS data are derived from a randomized, controlled trial of treatment
with gemfibrozil. Previously published analyses of the data have assumed that all
non-medication factors are evenly balanced across the treatment and placebo
groups. While this is a common and reasonable assumption for this class of
experiments, logistic regression will allow independent control for known CHD risk
factors and the derivation of the independent effect of gemfibrozil.

The regression coefficients for these other risk factors can be transformed
to indicate their independent influence on the risk of CHD in the Helsinki
population. These relative risk figures can be compared to the independent
influence of the same factors on CHD in the U.S population. This is an important
comparison that allowes the inference that the model and results are directly
applicable to the U.S. population, within the bounds of the HHS data. For
example, the HHS data recorded CHD events in Caucasian males between the
ages of 40 and 57 years of age (at the start of the experiment) over a five year
period. The results of this analysis are therefore most directly applicable to
middle aged Caucasian males.
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V. FINDINGS FOR GEMFIBROZIL EFFECTIVENESS IN. CONTROLLING
RISK OF AMI

We reiterate that the dataset contained the CHD related events
experienced by 4,022 males within the HHS patient group. In this context, the
CHD event outcome of the HHS experiment is defined to include the following
three items:

1. non-fatal acute myocardial infarction,
2. myocardial infarction fatal within 30 days, and
3. sudden (cardiac) death.

During the five year period, a total of 139 CHD events were observed in the HHS
data, 83.4 percent in the non-fatal AMI category, 10.1 percent fatal AMI, and 6.5
percent sudden (cardiac) death.

The results of various logistic regression models are presented in Tables
13 - 16. These tables describe a generic set of significant regression results and
highlight the differences between these four models in the process. Tables 13
and 14 present the first set of models specified, these two models included any of
the known risk factors available in the HHS data.

The models presented in Tables 13 and 14 are similar except that the first
model controls for total cholesterol, while the next model controls for the
independent effect of LDL cholesterol. Separate models are necessary because
LDL cholesterol, which is calculated from the measured values of total cholesterol,
HDL cholesterol and triglycerides, is highly correlated with total cholesterol. The
former is labeled the "Full TC Model" and the latter the "Full LDL Model". it is
apparent from both tables that several of the known risk factors were not
statistically significant in the HHS data. In particular, obesity (BMI), alcohol
consumption (QF), heart rate (HRTRATE) and activity level (OCCACT, SPRACT)
fail the Chi-square test of significance in these models.
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TABLE 13

FULL TC MODEL
VARIABLE BETA % CHANGE CHI- P

IN RISK SQUARE VALUE
INTERCEPT -7.852 N/A 21.78 0
LOPID -0.42 -33.91 5.46 0.02
AGE 0.085 9.74 2223 0
CURRENT SMOKER 1.034 173.09 29.53 0
HYPERTENSION 0.509 64.53 7.83 0.01
DIABETES 0.825 123.59 4.46 0.03
INITIAL TOTAL CHOL 0.007 0.72 9.6 0
INITIAL LDL -0.038 -3.64 16.16 0
OCCACT 0.017 1.69 0.03 0.86
SPRACT -0.058 -5.51 0.17 0.68
QF -0.068 6.43 0.67 0.41
BMI <0.033 3.24 1.21 0.27
HF!TRATE 0.003 0.34 0.17 0.68

- T T R R R O R R R R,
e e e .. —
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TABLE 14

FULL LDL MODEL
VARIABLE BETA % CHANGE CHi- P

IN RISK SQUARE VALUE
INTERCEPT -7.544 N/A 20.89 0
LOPID -0.423 34.14 5.55 0.02
AGE 0.093 9.55 21.43 0
CURRENT SMOKER 1.042 175.37 30.06 0
HYPERTENSION 0.535 68.8 8.68 0
DIABETES 0.82 122.43 44 0.04
INITIAL LDL 0.007 0.71 8.99 0
INITIAL HDL 0.035 -3.42 13.97 0
OCCACT 0.014 1.42 0.02 0.89
SPRACT 0.062 -5.9 0.2 0.65
QF 0.055 -5.29 0.45 0.5
BMI 0.025 -2.46 0.7 0.4
HRTRATE 0.004 0.38 0.2 0.65

%
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After assessing the contribution of interaction terms in explaining CHD risk,
a number of these interaction terms, as specified in Table 12, were tested for
significance in the logistic regression. Of the more than 20 such terms tested,
only the interaction between hypertension and baseline total cholesterol (HYP-
CHOL) entered the model with a significance criterion of p < .05.

In order to specify a parsimonious model, only those variables that were
statistically significant in the models presented in Tables 13 and 14, were retained
including the baseline relevant cholesterol-hypertension interaction term. The
corresponding sparse models, (Sparse TC and Sparse LDL, respectively), are
presented in Tables 15 and 16. As before, the only difference between the two
sparse models is the set of baseline cholesterol variables specified in each. In the
model! presented in Table 15, we include baseline total cholesterol, baseline HDL
cholesterol, and the interaction of baseline total cholesterol and hypertension. In
comparison, the model in Table 16 includes baseline LDL cholesterol, baseline
HDL cholesterol, and the interaction of baseline LDL and hypertension.

As discussed above, logistic regression allows us to estimate the
independent effect of any particular factor on the outcome, controlling for the
influence of all other variables. The first important variable examined in this
analysis is the effect of gemfibrozil treatment. In each specification of the model,
gemfibrozil treatment demonstrates a coefficient of (-0.41) to (-0.42) at (p <.02).
This ccefficient is transformed to yield a net effect of gemfibrozil treatment in the
Helsinki group, independent of all other factors. In fact, gemfibrozil treatment
consistently decreased CHD risk by 34 percent in the treated group.

Since the results for the two sparse models presented in Tables 15 and 16
are essentially similar, we combine the discussion of both models again
highlighting the relevant differences between the two. The interpretation of the
indicator variables ‘current smoker' and 'diabetic' is straightforward in this context.
Again, independent of all other factors, being a current tobacco smoker increased
CHD risk approximately 180 percent. We note that other specifications of
smoking history did not yield significant results. Similarly, being diabetic
increased CHD risk approximately 120 percent.
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TABLE 16

LOGISTIC REGRESSION MODEL OF CHD EVENTS IN THE HHS
SPECIFICATION INCLUDING LDL-CHOLESTEROL AT BASELINE

INTERACTION (LDL-C * HYP)

VARIABLE BETA CHI-SQUARE P % CHANGE
NAME MEAN VALUE SYMBOL COEFFICIENT IN RISK
INTERCEPT 0.0000 -9.46008 55.5 0.000 N/A
GEMFIBROZIL 0.5010 RXGRP -0.41702 5.41 0.020 -33.14
AGE 47.3247 AGE 0.09601 23.25 0.000 9.61
TOBACCO USE 0.3613 SMOK1 1.04542 33.21 0.000 163.94
HYPERTENSIVE 0.4157 HYP 2.57447 7.29 0.007 78.25
DIABETIC 0.0261 DIAB 0.77971 4.03 0.045 107.74
LDL- CHOLESTEROL 188.8880 LDLI 0.01261 14.64 0.000 1.25
HDL-CHOLESTEROL 47.4618 HDLI -0.03423 13.98 0.000 -3.23

78.6946 TC_HYP -0.01050 4.87 0.027 N/A

57



We must be more careful in interpreting the coefficient on the indicator
variable for hypertension. We note again that the individual's lipid profile modifies
the independent effect of being hypertensive. In order to determine the
independent effect of hypertension on CHD risk, we multiply the mean value for
total cholesterol in our analysis sample (269.95 as presented in Table 12) by the
coefficient for the interaction term (-0.009) in the Sparse TC model. The resulting
value (which happens to be negative) is added to the observed coefficient on
hypertension, to obtain the independent, linear modifying effect of hypertension
on CHD risk. This calculated coefficient on hypertension of 0.7 is transformed to
yield a hypertension related increase in relative risk of CHD of approximately 110
percent.

In an exactly analogous fashion, we can estimate the independent effect of
hypertension accounting for the modifying effect of the hypertension-LDL
cholesterol interaction, as presented in Table 16. In this case, hypertension
increases the relative risk of CHD by approximately 80 percent.

Age, and cholesterol values have been retained as continuous variables in
the estimation of CHD risk. The percentage changes in risk presented in Tables
13 - 16 are for one unit change in these continuous variables. Thus, there is a
10.07 percent increase in risk for each additional year of age, and a 0.72 percent
increase in risk for each additional unit (defined in mg/dL) of total cholesterol in
the Sparse TC model. The change in risk is, however, compounded if there is
more than a one unit change in these continuous variables.

For example, for a two year increase in age, the relative risk is (1 +
0.1007)2, or 1.21 times the risk experienced by the younger person. This
translates into a 21 percent increase in risk. For two people ten years apart in
age, but otherwise having identical risk factors, the relative risk of the older
person is 1.1007'0, or 2.61 times the risk of the younger person. This is
equivalent to a 161 percent increase in risk. Similarly, a person with a twenty units
greater total cholesterol at initial measurement will face a relative risk of 1.007220
as compared to the individual with lower cholesterol. This is equivalent to a 15
percent increase in risk for a twenty unit difference in the initial value of total
cholesterol.
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In the published literature on risk factors we note that age is reported to be
non-linearly related to CHD risk. To ensure that the model was correctly
specified, age-related CHD risk in two ways (discontinuities and non-linearities)
were tested as follows.

First, a quadratic term (age-squared) introduced in the model in
conjunction with age was not statistically significant. This contrasts somewhat
with the results published by the Framingham group. In the Framingham
population based model, the quadratic term (age-squared) was significant and
negative in both men and women, indicating a decreasing age-related CHD risk
function. The anomalous difference in the specification of age between the HHS
and Framingham models might be explained by the fact that the age range in the
HHS is substantially narrower than in Framingham with the HHS group at the
upper end of the Framingham age distribution. This is the flatter portion of the
age-CHD risk function in which a non-linearity would be more difficult to discern
with statistical significance.

In addition to the quadratic age modifier, three indicator variables were
created for individuals in the age ranges of 40 - 45, 46 - 51 and 52 - 57 years
(inclusive) in each group. The coefficient on each of these three indicators was
indeed decreasing with age, in parallel with Framingham. However, a Chi-square
test to compare the two model specifications of age (continuous versus three
indicators) failed to demonstrate a significant difference at the p < .05 level.

The continuous specification of age in the model allows us to determine
incremertal age-related CHD risk controlling for other factors, while indicator
variables representing age groups would restrict such comparisons. In applying
the model to the demographic characteristics of particular groups, e.g. California
Medicaid beneficiaries decision makers may find the continuous range of a
variable more relevant and useful. Age and certain other explanatory variables
were therefore retained in their continuous form in these models.
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Finally, baseline total cholesterol, LDL and HDL are continuous variables.
Analogous to our discussion of age, we retained the continuous form of each of
these three risk factors. A unit increase (1mg/dl) in total cholesterol (Table 15) or
LDL (Table 16) increases CHD risk by about 1 percent. In both specifications of
the sparse model, a unit increase in HDL actually lowers CHD risk by about 3.5
percent. In comparison, the Framingham risk model does not incorporate LDL in
the published specification. The coefficients on both total cholesterol and HDL
are lower in the HHS data based models than in Framingham.

Figures 10 - 13 graphically present the independent influence of the risk
factors in each of the models relative to a baseline risk of 1 as interpreted from the
intercept term. Apart from those CHD risk factors specifically compared across
Helsinki and Framingham in this discussion, the influence of risk factors
measured in both populations agree quite well. This result is useful in that it
enables us to to extend the HHS data derived models to estimate the effect of
gemfibrozil treatment in the U.S.

The next phase of this analysis, will present the various linear combinations
of these variables and their associated probability of CHD. The cost of CHD
treatment developed below will be used to derive expected costs of CHD for
exemplary risk CHD subgroups, both for comparative purposes and in order to
derive the net cost/saving associated with gemfibrozil therapy.
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Influence of Various Factors
on Risk of CHD - Full LDC Model

Change in Risk (%)

200

1 - LOPID
2 - AGE
150 - v I 3 - SMOKER
4 - HYPERTENSIVE
6 - DIABETIC
6 - LDL CHOLESTEROL
S e 7 - HDL CHOLESTEROL
100 8 - OCCUPATION
9 - ACTIVITY
10 - ALCOHOL
11 - OBESITY
“ |12 - HEART RATE
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VI.  CALCULATION OF CHARGES FOR CHD TREATMENT AND
HYPERLIPIDEMIA MEDICATION COSTS IN THE U.S.

CHARGES FOR CHD TREATMENT

In the Helsinki Heart Study, CHD is defined by several events, including
non-fatal myocardial infarction, infarction related death within 30 days and sudden
(cardiac) death. Suspected coronary events including angina were not recorded
as a CHD outcome in the clinical trial. This definition will be used to derive the
total expected charge for treatment over the five year period of the HHS,
denominated in U.S. dollar values for each corresponding item of the treatment
protocols, as outlined in Figure 14.

Table 17 presents the total direct care episode charges for acute
myocardial infarction, drawn from two published sources. Weinstein et al. present
their estimate in 1980 dollars, in discussing their epidemiologic model of the
incidence and prevalence of CHD in the US in the future. Their estimate is inflated
to 1988 dollar terms using the increase in the medical care component of the CP!
since 1980. This yields an acute care charge estimate of $18,500. We compare
this figure with the observed charges, including professional fees and services,
from a randomized clinical trial of a particular medical intervention using a
thrombolytic agent. The two estimates of acute care charges compare very well.
We therefore use the rounded value of $18,500 for this component of the cost of
treatment model.

Table 18 demonstrates a calculation of the annual continuing care charges
for individuals who survive the AMI episode, and indicates assumptions regarding
the annual units consumed in specific categories. Lab tests might include blood
counts, clotting activity in patients on continuing anticoagulant therapy, and other
tests to measure medication levels or side-effects. In addition, AMI patients, post-
discharge, are often prescribed a variety of medications including beta-blocker,
calcium-channel blocker, diuretic, or anticoagulant therapy.
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TABLE 17

DIRECT TOTAL ACUTE EPISODE CHARGES
PER PERSON FOR NONFATAL Mi

WEINSTEIN® 7-DAY
DISCHARGE™
Emergency Services
Transportation $100 - 500
Emergency Room $350 - 500
Subtotal $450 - 650
Initial Hospitalization
Hospital Fee $13,934 + 2,675
Physician Fees $3,934 + 1,234
Surgical Fees
Subtotal $17,8688 + 3,668 "
TOTAL $18,5005 $18,418 + 3,768

Source: Weinstein, et al. American Journal Public Health, November 1987, Vol. 77(1), pp 1417-1426.

™ Source: Topol E, E.J., M.D., A randomized controlled trial of hospital discharge three days after myocardial infarction in the era of
reperfusion. New England Journai of Medicine. April 28, 1988, pp 1063-8.

*hw

Cumuiative subtotal includes costs for hospital room, ICU room laboratory, pharmacy, telemetry and chest film.

5 1980 ($) figures inflated using medical care component of CP!.
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TABLE 18

CONTINUING CARE COSTS
AFTER NON-FATAL MI

NUMBER ANNUAL

OF UNITS COST
Physician Visit 6 $390
ECG 2 $120
Lab $100
Medication (Monthly) 12 $720
Total $1,330
Total per 2.5 years $3,325
Incidental in 2.5 years $475

(treadmill, other)

Expected Cost of Readmit $3.600
Expected Follow-up Cost $7.400

for 2.5 Years
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Next, a uniform distribution is assumed for the occurrence of the AMI
episode over the five year period of the study. With this assumption in place, the
AMI occurring on the first day can be offset with the one on the last day of the five
year period and so on. Thus, all AMI events are placed as happening at the 2 1/2
year point; continuing care charges are calculated for this 2 1/2 year period for all
AMI patients. As discussed below, continuing care charges are appropriate only
for patients who survive for more than 30 days after the acute episode. The CHD
event at 2 1/2 years assumption simplifies these calculations and eliminates the
complex additional adjustment for discounting later versus earlier charges.

Aggressive management of the AMI patient post-discharge might include
stress or exercise treadmill tests and other diagnostic procedures apart from the
electrocardiogram. A conservative cumulative estimate of all such charges as a
one time item is included in the calculation.

Weinstein, et al., estimate the probability of reinfarction/CHD related
hospital readmission at p=.078 annually, after the initial event. Using the initial
event at 2 1/2 years assumption, we can approximate the resulting cumulative
reinfarction probability of p=.195. The product of the cumulative probability and
the acute care charges yields a lower bound estimate of the expected charge for
reinfarction during the study period of $3,600. Reinfarction episodes are likely to
be more serious and therefore more expensive relative to first ever AMI. This
$3.600 estimate is, therefore, conservative with respect to this important
continuing care category.

From this series of calculations, an acute care episode charge for non-fatal
AMI of §18,500 is derived. In addition, these patients exhibit expected cumulative
after care charges of $7,400. The calculation in Table 19 assumes that the
probability of being in each of the three AMI categories is the same for the HHS
and for middle aged males in the U.S. This assumption is central to the
calculation of the expected charge for CHD in terms of U.S. treatment protocols.
With this assumption in place, the product of aggregate charge and probability
yields the expected charge within the category.

69



TABLE 19
EXPECTED FIVE YEAR COST OF CHD TREATMENT

EVENT CONTINUING PROBABILITY EXPECTED
TYPE OF Mi COosT COST FROM HHS CosT
Alive > 30 days $18,500 $7,400 .822 $21,290
Fatal < 30 days $9,250 0 .102 $94
Sudden Death < 1 hour $500 0 .074 $37
Expected Cost / $22,271
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The sum of expected charges across the three categories yields the
expected charge for CHD, over a five year period. Analogous to the assumption
in Weinstein et al., the fatal AMI (within 30 days, by definition) will exhibit half the
acute care charge of the AMI survivor group, with early decedents compensating
for those who survive closer to the 30 day limit. There are no after care charges in
this group. The sudden death category incurs expenses related to transportation
and emergency room care only.

The five year expected U.S. charge related to CHD events, defined
analogous to the HHS data, is $22,271.

CALCULATION OF MEDICATION COSTS

The calculation of the five year charge for gemfibrozil therapy in the U.S.
assumes that the average wholesale price (AWP) is the relevant base. With no
discounting to any individual, managed care entity or public program, and
including a 20 percent markup for retail, a daily cost of gemfibrozil, prescribed at
1,200mg/day (analogous to the HHS experiment), is $1.49. Again, from the HHS,
we note that the study group exhibited 84 percent compliance on average, over
the five year period. The five year expected charge for medication will therefore
be $2,285. Including a five year incidental monitoring cost of $300 per patient we
derive a net five year gemfibrozil medication retail charge of $2,585. These
calculations are presented in Table 20.

In Table 21 we use similar assumptions to derive a range of five year
medication charges, at increasing dosage, for Mevacor which is competing
hyperlipidemia medication. These estimates again use AWP as the base. These
dollar values serve as reference values in this portion of the analysis. They
indicate the range of product prices the Medi-Cal drug budget will face. A more
detailec analysis of medication costs for the various products in the class will be
developed in a subsequent section of this analysis.
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TABLE 20
LOPIDR FIVE YEAR TREATMENT COST

DAILY COST OF THERAPY $1.49
AWP + 20%

ANNUAL COST $543.85

FIVE YEAR COST $2,719.25

ASSUME 84% COMPLIANCE $2,284.17

FIVE YEAR MONITORING COST $300.00

+ EXCESS GALL BLADDER SURGERY

FIVE YEAR LOPIDR THERAPY $2,584.17
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TABLE 21
TOTAL COST OF MEVACOR 5 YEAR THERAPY

MONITORING COST # UNIT TOTAL
1) Liver function test
first 15 months 12 $20 $240
to 5 years 10 $20 $200
2) Ophthalmology 5 $80 $400
TOTAL $840
Medication
Direct Price 100 tabs (20 mg) $159.06
Dispensing Fee $31.80
TOTAL $190.86
20mg day 40 mg/day
Daily Cost $1.90 $3.80
Annual Cost $693.72 $1,387.44
Assume 84% Compliance $582.72 $1,026.71
55 year cost $2,774.88 $5,549.88
Monitoring $840.00 $840.00
TOTAL MEDICATION COST $3,642.63 $6,473.13
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VIl. EXPECTED TREATMENT CHARGES FOR AMI AND THE NET COST
OF GEMFIBROZIL THERAPY BASED ON HHS DOCUMENTED

REDUCTION IN AMI AND SUDDEN DEATH ONLY

A. PROBABILITY OF SUFFERING CHD.

As discussed above, acute myocardial infarction after which the individual
survived, fatal AMI and sudden (cardiac) death were recorded as CHD events in
the HHS. The outcome is recorded as a single indicator variable; individuals who
experienced no CHD during the five year study period are represented as '0' while
individuals who suffered any one of the three defined CHD events are represented
by a value of '1'in the relevant variable.

A logistic regression model was specified to estimate the influence of a
variety of risk factors on the probability that an HHS participant suffered a CHD
event during the clinical trial. The relative increase in risk contributed by each
factor, as derived from the multivariate logistic regression equation were
presented along with the corresponding coefficient in Tables 13 - 16. In addition,
these tables demonstrate that study participants who were randomly assigned to
the gemfibrozil treatment group exhibited a decrease in the probability of suffering
a CHD event of approximately 0.34, independent of all other factors.

Figures 15 and 16 show that these multiple risk factors act synergistically
to increase CHD risk. Figure 15 presents the probability of an individual exhibiting
CHD during the five year period, when one or more risk factors are present, as
calculated from the logistic model. The difference between successive bars
represents CHD risk in the untreated group, compared with the proportionate
reduction in risk with gemfibrozil treatment, as labeled in Figure 16. In addition,
this figure presents the increase in risk due to low serum HDL values.

We see in Figure 16 that a 45 year old male with no comorbidities or other
risk factors exhibits a very low probability of CHD. As we fold in risk factors, the
individual's risk increases, up to 900 - 1,100 percent in the extreme case where all
risk factors estimated in the regression model are present. For comparative
purposes, we present exactly parallel results for a 55 year old male in Figure 16 In
general, being 10 years older increases CHD risk approximately 160 percent,
holding other factors constant. Thus, the low risk 55 year old male demonstrates
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an approximately one to five percent probability of CHD, while the extremely high
risk 55 year old male has about one chance in four of suffering CHD in the same
time period.

B. EXPECTED FIVE-YEAR CHARGES FOR CHD

We now proceed to calculate the expected charges for treating CHD, in
U.S. terms, for the range of low to high risk prototype individuals we have just
described. Essentially,

Expected charge ($) = (probability) x (charge)

Thus, the probability estimated for each prototypical individual, when muitiplied by
the net charges for CHD calculated earlier, will yield the expected charge for CHD
treatment within the particular risk group. Again, since the HHS results are
significant at the five year time point, all calculations are for a corresponding five
year time frame.

When the probability of CHD is low, the individual is unlikely to suffer an
event. We therefore expect only nominal CHD treatment charges for such an
individual. The converse is expected for the high risk individual. Table 22 is an
example of this calculation, and describes a set of 45 year old males for whom we
estimate the expected five-year charge for CHD treatment. Corresponding
charges for an exactly similar set of 55 year old males are presented in Table 23.
These tables present information on gemfibrozil treatment, CHD risk cofactors,
probability of CHD predicted by our model, total cost of CHD episode as
calculated earlier and presented in Tables 17 - 19 and finally, the expected cost of
CHD for the particular prototypic individual.

We see in Tables 22 and 23 that as the risk profile becomes more serious,
expected five-year charges for CHD events increase from about $240 to almost
$4,000 in the 45 year old group, and from about $630 to over $8,000 in the 55
year old group, when gemfibrozil treatment is not provided. In the 45 year old age
group, the expected incremental cost of treatment with gemfibrozil ranges from
$1,412 in the highest risk group to $2,503 in the lowest risk group. The
corresponding range of expected incremental costs in the 55 year old age group
is $588 to
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TABLE 22

COMPARISON OF EXPECTED FIVE-YEAR COSTS FOR AMI AND
SUDDEN CORONARY DEATH EVENTS WITH AND WITHOUT LOPID

TREATMENT BY RISK CATEGORY

(AGE = 45)
E(COST) FOR: NET
LOPID RISK TOTAL CHD CHD + COST
X FACTORS CHOL HDL P(EVENT) EVENT LOPID OFTX
0] None 270 35 2.00% 444 444
1 None 270 35 1.33% 295 2880 2436
0 S 270 35 5.48% 1220 1220
1 S 270 35 3.68% 820 3405 2185
0 H 270 35 3.37% 750 750
1 H 270 35 2.25% 500 3085 2336
0 D 270 35 4.22% 941 941
1 D 270 35 2.83% 630 3215 2274
0 HD 270 35 7.01% 1562 1562
1 HD 270 35 4.74% 1056 3641 2079
0 SH 270 35 9.02% 2008 2009
1 SH 270 35 6.14% 1368 3953 1944
0 S D 270 35 11.15% 2484 2484
1 s D 270 35 7.65% 1704 4289 1805
0 SHD 270 35 17.68% 3937 3937
1 SHD 270 35 12.41% 2765 5350 1412
0 None 270 47 1.30% 289 289
1 None 270 47 0.86% 192 2777 2488
0 S 270 47 3.61% 804 804
1 S 270 47 2.41% 537 3122 2318
0 H 270 47 2.20% 490 490
1 H 270 47 1.46% 326 2911 2421
0 D 270 47 2.77% 617 617
1 D 270 47 1.85% 411 2996 2379
0 HD 270 47 4.65% 1035 1035
1 HD 270 47 3.12% 694 3279 2244
0 SH 270 47 6.02% 1341 1341
1 SH 270 47 4.06% 904 3489 2148
0 S D 270 47 7.50% 1671 1671
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TABLE 22
continued
COMPARISON OF EXPECTED FIVE-YEAR COSTS FOR AMI AND

SUDDEN CORONARY DEATH EVENTS WITH AND WITHOUT LOPID
TREATMENT BY RISK CATEGORY

(AGE = 45)
E(COST) FOR:  NET
LOPID RISK  TOTAL CHD CHD + COST
TX  FACTORS CHOL  HDL P(EVENT)  EVENT LOPID  OF TX
1 S D 270 47 5.08% 1132 3717 2046
0 SHD 270 47 12.19% 2714 2714
1 SHD 270 47 8.39% 1869 4454 1740
0 None 270 52 1.08% 242 242
1 None 270 52 0.72% 160 2745 2503
0 s 270 52 3.03% 674 674
1 S 270 52 2.02% 450 3035 2360
0 H 270 52 1.84% 410 410
1 H 270 52 1.22% 272 2857 2447
0 D 270 52 2.32% 517 517
1 D 270 52 1.54% 344 2929 2412
0 HD 270 52 3.91% 870 870
1 HD 270 52 2.61% 582 3167 2297
0 SH 270 52 5.07% 1129 1129
1 SH 270 52 3.41% 758 3343 2214
0 S D 270 52 6.33% 1411 1411
1 S D 270 52 4.27% 952 3537 2126
0 SHD 270 52 10.37% 2310 2310
1 SHD 270 52 7.09% 1580 4165 1855
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TABLE 23

COMPARISON OF EXPECTED FIVE-YEAR.COSTS FOR AMI AND
SUDDEN CORONARY DEATH EVENTS WITH AND WITHOUT LOPID
TREATMENT BY RISK CATEGORY

(AGE = 55)
E(COST) FOR:  NET
LOPID RISK  TOTAL CHD CHD+ COST

TX  FACTORS CHOL  HDL P(EVENT)  EVENT LOPID OF TX
0 None 270 35 5.12% 1141 1141

1 None 270 35 3.44% 767 3352 2210
0 s 270 35 13.33% 2968 2968

1 S 270 3s 9.21% 2052 4637 1669
0 H 270 35 8.46% 1884 1884

1 H 270 35 5.75% 1280 3865 1981
0 D 270 3s 10.47% 2333 2333

1 D 270 35 7.17% 1596 4181 1849
0 HD 270 35 16.68% 3714 3714

1 HD 270 35 11.67% 2599 5184 1469
0 SH 270 35 20.83% 4638 4638

1 SH 270 35 14.79% 3295 5880 1241
0 S D 270 35 24.98% 5564 5564

1 S D 270 35 18.02% 4013 6598 1034
0 SHD 270 a5 36.30% 8084 8084

1 SHD 270 35 27.33% 6086 8671 588
0 None 270 47 3.37% 751 751

1 None 270 47 2.25% 501 3086 2335
0 S 270 47 9.04% 2013 2013

1 S 270 47 6.15% 1371 3956 1943
0 H 270 47 5.64% 1255 1255

1 H 270 47 3.79% 844 3420 2174
0 D 270 47 7.03% 1565 1565

1 D 270 47 4.75% 1058 3643 2078
0 HD 270 47 11.45% 2551 2551

1 HD 270 47 7.87% 1752 4337 1786
0 SH 270 47 14.53% 3236 3236

1 SH 270 47 10.09% 2247 4832 1596
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TABLE 23 CON'T

COMPARISON OF EXPECTED FIVE-YEAR COSTS FOR AMI AND
SUDDEN CORONARY DEATH EVENTS WITH AND WITHOUT LOPID
TREATMENT BY RISK CATEGORY

(AGE = 55)
E(COST) FOR:  NET
LOPID RISK  TOTAL CHD CHD + COST
TX  FACTORS CHOL  HDL P(EVENT)  EVENT LOPID OF TX
0 S D 270 47 17.71% 3944 3944
1 S D 270 47 12.44% 2770 5355 1411
0 SHD 270 47 26.91% 5994 5994
1 SHD 270 47 19.55% 4354 6939 946
0 None 270 52 2.83% 630 630
1 None 270 52 1.88% 420 3005 2375
0 ) 270 52 7.65% 1704 1704
1 s 270 52 5.18% 1154 3739 2036
0 H 270 52 4.74% 1056 1056
1 H 270 52 3.18% 709 3204 2237
0 D 270 52 5.93% 1320 1320
1 D 270 52 3.99% 889 3474 2154
0 HD 270 52 9.73% 2168 2168
1 HD 270 52 6.64% 1480 4065 1897
0 SH 270 52 12.41% 2765 2765
1 SH 270 52 8.55% 1905 4490 1725
0 S D 270 52 15.21% 3388 3388
1 S D 270 52 10.59% 2358 4943 1555
0 SHD 270 52 23.49% 5231 5231
1 SHD 270 52 16.85% 3752 6337 1106
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NOTES TO TABLES 22 AND 23

SUMMARY:

Range of Expected Cost of CHD And Preventive TX

LOPIDR GROUP NO-TX GROUP
Age 45 $2,745-5,350 $242-3,937
Age 55 $3,005-8,671 $630-8,084

Assumptions:

S-yr Cost of CHD Event = $22,271
5-yr Cost of gemfibrozil Tx = $2,585
Initial Total Cholesterol = 270 mg/dL

Risk Factors
S: Current Smoker

H: Hypertensive
D: Diabetic
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$2,375. Since the five-year cost of gemfibrozil treatment is estimated at $2,585,
these figures represent an $82 to $1,173 reduction in the expected cost of CHD
events in the 45 year old age group, and a $210 to $1,997 reduction in the 55 year
old age group.

In the gemfibrozil treated group, these total charges consist of two distinct
components. The first item is the pure, CHD related expected charge for CHD in
the formula presented above and exactly corresponding to the amount calculated
for the untreated group. To this we add a constant $2,585 which is the net charge
for the five year gemfibrozil therapy as calculated and presented in Table 20. A
comprehensive set of calculations of expected charges for CHD, based on a
range of patients’, age, total cholesterol, HDL cholesterol and other contributing
risk factors can be derived. We will collapse these multiple categories in the next
secticn, to derive groups of patients with similar CHD risk profiles and expected
CHD treatment charges. Our aggregation of individuals attempts to define a
broad classification of low, moderate and high CHD risk, that we observe from the
logistic regression model predictions, to simplify the analysis.

C. NET COST OF LOPIDR THERAPY FOR AVERTED AMI AND SUDDEN
DEATH ONLY

Gemfibrozil therapy for hypercholesterolemia demonstrates an important
cardioprotective effect, increasing the level of HDL cholesterol. The literature, and
our results, indicate that higher levels of HDL cholesterol contribute to decrease in
CHD risk. In fact, from an exploratory data analysis of HDL cholesterol, 40mg/di
is a useful cutoff value.

From the risk factor categories presented in Tables 22 and 23, the
population with high total cholesterol can be divided into three risk groups. These
groups are defined by the number of risk factors (smoking, hypertension, and
diabetes) an individual exhibits. Individuals with no more than one risk factor form
a low risk subset. The moderate risk group consists of individuals with two risk
factors, while current smokers who are hypertensive and diabetic form the highest
risk group.
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Table 24 uses the data from Tables 22 and 23 to show the range of five-
year probabilities of a CHD event (Sudden Death and AMI) by age and risk group
for the gemfibrozil-treated and untreated groups. Depending on his actual risk
factors, a 45-year-old high total cholesterol individual in the low risk group would
face a 1.1 to 5.5 percent probability of a CHD event in the next five years without
intervention to reduce cholesterol. The corresponding risk of a CHD event would
decrease to 0.7 to 3.7 percent if that individual received gemfibrozil to- modify his
cholesterol levels.

The probability of a CHD event, and the effect of gemfibrozil therapy, are
much greater in higher risk populations. A high risk 55-year-old faces a 23.5 to
36.3 five-year probability of a CHD event, depending on his actual set of risk
factors, if his high cholesterol is not treated. However, gemfibrozil therapy to
modify his cholesterol levels would reduce the probability of a CHD event to 16.9
to 27.3 percent.

The reader will note that the risk groups are defined within, not across, age
groups. As a result, risk groups at age 55 are roughly comparable to the next
higher level risk group at age 45. For example, the probability of a CHD event for
a low risk 55 year old is comparable to the risk faced by a 45 year old in the
moderate risk group. There is some overlap in the probability ranges across risk
groups with an age group. This overlap results from the effect of initial HDL level
on the probability of a CHD event. Individuals with low HDL are at greater risk of a
CHD event than those who have the same risk factor profile but higher HDL
levels.

Table 25 arrays the collapsed risk groups we have just discussed against
three exemplary HDL cholesterol values that patients might exhibit, namely, low of
less than 40mg/dl, moderate between 40 and 50mg/dl and high greater than 50
mg/dl. The expected charge for CHD for patients is computed in each cell within
this matrix of CHD risk group versus HDL cholesterol level, separately for patients
treated with gemfibrozil and those who are not. The difference between the two is
the net expense for the gemfibrozil treated group over a five year period for
averted AMI and sudden death only.
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As demonstrated in Table 25, the average annual net expense for averted
AMI and sudden death for low risk individuals between $400 and $500 per year
when treated with gemfibrozil, across age. The relatively low probability of CHD
results in very few averted CHD events in this group, in absolute terms. Thus, we
observe both low expected charges for CHD and a very small effect in the
difference in expected charges between gemfibrozil treated and untreated
individuals. The major expense in this category is the cost of the medication.

We begin to observe the benefits of gemfibrozil therapy in older males in
the moderate risk category, particularly those with low HDL cholestero!l levels.
For these individuals, after factoring in the saving in CHD and the cost of
gemfibrozil, the net expense is approximately $300 to $400 per person per year
for the five year period, for averted AMI and sudden death only. Finally, the best
target is the older male, in the high‘risk group and exhibiting a low HDL-
cholesterol. For such an individual, we expect a net annual cost of gemfibrozil
therapy of approximately $200 to $300 for averted AMI and sudden death only.
These various comparisons discussed are presented in Tables 24 and 25, and
reflect a conservative analysis which aggregates only the economic benefits of
avoided AMI and sudden cardiac death documented in the HHS.

This cost-benefit model of gemfibrozil therapy adheres up to this point
strictly to the HHS, the data source for this analysis. Substantial additional
savings may be expected in an appropriately targeted moderate and high CHD
risk population, from other cardiovascular care that is avoided as a result of drug
therapy. A more complete analysis of the cost-benefit of hyperlipidemia drug
therapy, with an application of the model to the California Medicaid program,
should include these other cardiovascular events. The next section will present
the extension of this analysis to the Medi-Cal program.
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TABLE 24

FIVE-YEAR PROBABILITY OF AMI OR SUDDEN DEATH FOR
INDIVIDUALS WITH INITIAL TOTAL CHOLESTEROL OF 270
BY AGE, RISK GROUP, AND TREATMENT GROUP

(IN PERCENT)

AGE 45 AGE 55
Low Risk
W/O gemfibrozil 1.1-55 3.8-13.3
With gemfibrozil .7-3.7 19-9.2
Moderate Risk
W/O gemfibrozil 39-11.2 9.7-25.0
With gemfibrozil 26-7.7 4.0-18.0
High Risk
W/O gemfibrozil 10.4-17.7 23.5-36.3
With gemfibrozil 71-124 16.9-27.3
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TABLE 25

NET PER PERSON COST OF THE FIVE YEAR LOPID® THERAPY
FOR AVERTED AMI AND SUDDEN DEATH ONLY"

HIGH HDL MOD HDL LOW HDL
Low Risk $2,316 $2,267 $2,118
Mod Risk $1,969 $1,872 $1,595
High Risk $1,481 $1,343 $1,000

This phase of the analysis includes only those savings in health care expenditures
documented in the HHS. Specifically, the analysis incorporates the effect of
reductions in AM! and sudden cardiac death resulting from therapy with
gemfibrozil. Additional savings due to averted ischemic heart disease, coronary
insufficiency, coronary atherosclerosis, and angina pectoris are illustrated in
Section IX.
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The objective for this analysis was to translate the clinical benefit of
gemfibrozil therapy demonstrated in the HHS into economic terms that will be
meaningful to decision makers in the California Medicaid program. The HHS
collected data on two important categories of CHD: acute myocardial infarction
and sudden cardiac death. A comprehensive analysis of cost-benefit should,
however, include these other conditions, such as angina pectoris and ischemic
heart disease, that hyperlipidemic patients can avoid as a resuit of drug therapy.

We assume that drug therapy for hyperlipidemia does, in fact, arrest or
even reverse the biological process by which atherosclerotic plaque is formed.
This would be one plausible explanation of the general reduction in coronary care
required by drug-treated individuals in the LRC-CPPT study. As discussed earfier,
the Helsinki Heart Study demonstrated a statistically significant 34 percent
reduction in AMI and sudden cardiac death in a five-year clinical trial. This is
substantially higher than the 19 percent reduction in these outcomes over a
longer seven year period, observed in the LRC-CPPT trial.

The LRC-CPPT study demonstrated that drug therapy for hyperlipidemia
results in reduced risk of a variety of cardiovascular conditions and events. In
particular, definite myocardial infarction and sudden cardiac death were the
original end-points measured in that trial of therapy with cholestyramine.
Retrospective analysis of the LRC-CCPT data showed that individuals treated with
drug were at lower risk of suffering from angina pectoris. In addition, fewer
coronary artery bypass graft (CABBG) procedures were performed in the drug-
treated group.

Earlier sections of this discussion reviewed the derivation of expected
charges for AMI treatment in the U.S. These estimates are based on published
reports. Similar aggregate U.S. data on the charges for a variety of other CHD
related care avoided as a result of drug therapy are not readily available. In
addition, an extended analysis which includes these other items of CHD care will
be useful to, and more readily accepted by decision makers if the data regarding
patient targeting, avoided events, and charges for care are derived from within the
particular program they are individually responsible for.
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The final section of this analysis will, therefore, extend the model to
estimate the net effect of drug therapy. This will include the HHS documented
reductions in AMI and sudden cardiac death as well as other items of CHD care
that will be avoided as a result of patient treatment with gemfibrozil. While the
analysis will continue to focus on gemfibrozil, estimates of program effects
comparing gemfibrozil to other medications in the category will be presented.
The specific example in this analysis is the California Medicaid (Medi-Cal)
program. The concepts presented in the analysis can, however, be readily used
to analyze any program for which relevant information regarding patients'
demographics and risk factors, and charge data are available.
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VIil. EXTENSION OF THE GEMFIBROZIL COST-BENEFIT MODEL TO THE
CALIFORNIA MEDICAID PROGRAM

In this application of the gemfibrozil cost-benefit model | will estimate the
net effect of drug therapy for dislipidemia on expenditures in the California
Medicaid (Medi-Cal) program. The Medi-Cal program is a major item in the
California state budget. As discussed above in the Introduction, decisions
regarding program expenditures on pharmaceutical products and reimbursement
for devices and procedures are subject to stringent budget constraints. Program
decision makers are faced with the task of allocating available resources in an
efficient manner, both within a therapeutic area and across all areas of care
provided to program recipients.

In the case of dislipidemia, the NCEP (1987) guidelines provide one
strategy for targeting patients for therapy. As discussed above, however, Bush
and Riedel (1991) demonstrate the inadequacy of the NCEP guidelines in
detecting individuals at high risk of CHD. In this analysis | will compare the health
and economic consequences of targeting dislipidemic patients for drug therapy
using the NCEP guidelines and other strategies based on predictions from the
HHS logistic regression model presented above. | will demonstrate that Medi-Cal
program administrators can, using the HHS based model, provide the same level
of health benefit to program participants, at significantly lower net cost to the
program than that experienced by following the NCEP strategy. In fact, an HHS
based patient targeting strategy can even generate net savings to the program
budget, albeit in non-drug benefit categories.

This application to the Medi-Cal program will maintain the five-year time
horizon of the HHS. While the analysis will focus on gemfibrozil therapy,
estimates of program effects comparing gemfibrozil to other medications in the
therapeutic class will be discussed where appropriate. In this section, | will first
estimate the population of middle to older aged Medi-Cal enrollees who are at risk
for dislipidemia. | will then estimate net per-recipient Medi-Cal expenditures for
dislipidemia drug therapy, during a five year period. The estimate will include the
expected value of treatment for medication side-effects and adverse reactions. |
will describe the sources of data and the assumptions | have made in order to
extend the analysis presented above to include cardiovascular care items and
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patient groups (e.g females and the elderly) that were not included in the HHS. In
concluding the analysis | will present the range of net annual Medi-Cal program
expenditures that will result from targeted treatment of moderate and high risk
patients with gemfibrozil using the NCEP and the HHS based strategies.

A. ESTIMATING THE TARGET POPULATION FOR DRUG THERAPY

Medi-Cal is a publicly funded health care program which serves
approximately four million individuals annually. Eligibility for program participation
is based on both income and family status. A majority of beneficiaries are single
parents and their children. As such the population age distribution is skewed
toward young adults and children.

The Medi-Cal program does not impose an age limit in its program
participation rules. In a recent article, Benfante and Reed (1990) reported that
serum cholesterol level is an independent prediction of CHD even in men older
than 65 years of age. However, various clinical and practical considerations
might argue against drug therapy for dislipidemia in the very elderly. In this
analysis | have, therefore, focused on program participants between the ages of
40-79 years, inclusive. As one reference point, Tsevat et al (1981) have
developed a heart disease policy simulation model to examine the gains in life
expectancy that might be expected to result from intervention to modify CHD risk
factors. In their model, individuals exit the analysis at age 85 years. Table 26
presents the breakdown of the 40 - 79 year old sub-group of Medi-Cal program
participants by age and sex. Of the approximately four million enroliees in Medi-
Cal during 1888, 930 thousand were in the target age range. Further, of these 40-
79 year olds, about 324.4 thousand or 35 percent were males, with the rest being
females.

Continuous enroliment in the program is a useful indication of the subset of
those ar risk of CHD who will pursue long-term chronic therapy. Further analysis
of Medi-Cal program data for 1988, the most recent year available, show that long
term enrcliment varies substantially across beneficiary groups. To derive an
estimate of continuous participation in the program | subset program enrollees
into those who are categorically needy with cash benefits, categorically needy
without cash benefits and medically needy into aged, blind and disabled and Aid
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TABLE 26

ESTIMATE OF CALIFORNIA MEDICAID CONTINUOUSLY ENROLLED PARTICIPANTS

OVER THE AGE OF 40 YEARS
RAW DATA CALCULATED VALUES
SEX AGE N= AGE NUMBER IN TOTAL IN PROPORTION
CATEGORY AGE CATG. SEXCATG. IN AGE CATG.
BY SEX
MALE 40-44 42,435
MALE 4549 21,179 40 - 49 63,614 0.313
MALE 50-54 17,885
MALE 55-59 18,415
MALE 60-64 20,314 50 - 64 56,614 0.278
MALE 65-69 32,456
MALE 70-74 27,058
MALE 75-79 23,544 65 -79 83,058 0.409
MALE 80+ 16,225 : (Included for reference only)
ALL MALES 40-79 203,286 203,286 0.349
FEMALE 4044 101,574
FEMALE 45-49 31,625 40 - 49 133,098 0.351
FEMALE 50-54 26,048
FEMALE 55-59 26,723
FEMALE 60-64 31,606 50 - 64 84,376 0.222
FEMALE 65-69 57,323
FEMALE 70-74 54,321
FEMALE 75-79 50,320 65-79 161,964 0.427
FEMALE 80+ 39,758 Included for reference only)
ALL FEMALES 40-79 379,439 379,439 0.651
TOTAL 40-79 582,725 582,725 1.000

Source: Medical Program Summary Data, SysteMetrics
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to Families with Dependent Children (AFDC - Adult) subgroups for each major
category. Among this nine cell categorization, for example, AFDC-Adults
exhibited an overall 41.4 percent rate of continuous enrollment. On average,
across all groups, | estimate that approximately 63 percent of all adults enrolled in
the program will participate continuously over reasonably long periods of time,
with a range of 40-79 percent for various subgroups. The 63 percent of all those
ever enrolled, or 583,000 individuals, will form the baseline (as shown in Table 26)

for further caiculations presented below.

B. ESTIMATING MEDI-CAL ANNUAL PROGRAM EXPENDITURES FOR
HYPERLIPIDEMIA DRUG THERAPY

All currently approved agents in the therapeutic class have attendant
adverse reactions and side effects associated with their use. A comparative list of
these items is presented in Table 27, and the standard charges for recommended
monitoring of patients treated with each medication in Table 28. We have no
documentzd source of the frequency of adverse reactions with each medication.
In addition, treatment charges will vary with the severity of the individual's reaction
to the particular medication. Charges related to the treatment of adverse drug
reactions are, therefore, not included in the analysis.

The expected daily consumption (DACON) for each drug in the class was
calculated from IMS data on prescription pharmaceutical products. In Table 29
we note that the calculated gemfibrozil DACON is approximately 3.3. In the HHS
data we observed an average compliance of 84 percent. In addition, expert
clinical opinion indicates that the full recommended dose of 1200mg gemfibrozil
will be prescribed. The calculation of the cost of drug therapy therefore used the
IMS DACON for all other drugs in the class but was based on a DACON of 4.0 for
gemfibrozil.

The cost of the drug itself, charges for recommended patient monitoring
and an administrative cost to the program in the form of a pharmacist dispensing
fee were aggregated to derive average annual and daily costs of medication. The
reader will note that charges related to the treatment of adverse drug reactions
are not included in this cost of medication. We observe in Table 30 that the
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aggregate daily cost of drug therapy ranges between $0.80 for niacin and $2.30
for Lovastatin.

Specifically, | estimated the daily cost of gemfibrozil therapy from the Medi-
Cal summary file of reimbursement for prescription medication claims for 1988
(Medi-Cal Monthly Drug Summary File, 1988). Gemfibrozil claims were
reimbursed at an average of $1.13 per day through the Medi-Cal Treatment
Authorization Request (TAR) Program, or approximately $4 12 per person for a
full year of drug therapy. To this | added an average dispensing fee of $48. Inthe
Helsinki Heart Study, average compliance over five years was 84 percent making
the five-year expected cost of medication approximately $1936. Three hundred
dollars were added to cover outpatient office visits and laboratory testing
recommended in the package insert for gemfibrozil, and for the expected cost of
treating side effects of medication. There were statistically significant increases in
upper gastrointestinal events and gastrointestinal surgery in the treated group
versus the control group. This yielded a net five-year cost for gemfibrozil of $2236
per treated individual. As one point of reference, my estimate of drug costs is
very similar to an estimate recently made by Schulman et al (1990). Their
estimate of monitoring costs was higher. The estimate of monitoring costs in this
analysis is based on the recommendations for monitoring listed in the package
insert. Schulman et al derived their estimates from a panel of experts.

C. EXTENSIONS OF THE HHS BASED CHD RISK MODEL TO THE MEDI-
CAL PROGRAM

Extension to Other Coronary Heart Disease Events

The only coronary heart disease end points recorded by the Helsinki Heart
Study were acute myocardial infarction and sudden cardiac death. A
retrospective analysis of data from the LRC has indicated that interventions that
reduce sudden cardiac death and myocardial infarction also reduce other
coronary artery events. Specifically, in that trial rates of new cases of angina,
positive exercise stress tests and coronary artery bypass graft procedures, in
addition to acute myocardial infarction and sudden death, were lower in the
treated group than in the placebo group. To estimate the effect of drug therapy
on some of these other events for the Medi-Cal population, | assumed that
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gemfibrozil would reduce ahgina pectoris and coronary insufficiency in proportion
to the reductions it caused in myocardial infarction and sudden cardiac death,
with the proportions determined by the LRC.

Current Medi-Cal claims data indicate that a significant amount of money is
also spent for an ICD-9 category labeled "coronary atherosclerosis.” It is not clear
what this category includes, or the extent to which it includes services for angina,
coronary insufficiency, myocardial infarction, or other coronary artery events that
might bs prevented by drug treatment. To calculate the effect of treatment
strategies on Medi-Cal, | assumed that this category would be reduced by the
same proportion as the reduction in myocardial infarction and sudden cardiac
death observed in the Helsinki Heart Study.

The costs to the program of treating coronary insufficiency, angina and
coronary atherosclerosis were estimated from the 5 percent research sample of
the program's claims for inpatient and outpatient care during fiscal year 1986-
1987. In order to avoid possible double counting of dislipidemia medication
costs, | excluded reimbursement for prescription medication claims from my
estimate of treatment costs for these three categories. | then adjusted these
estimates to 1988 dollar terms using the Medical Care component of the
Consumer Price Index. The five-year acute and continuing care costs of treating
angina, coronary insufficiency and coronary atherosclerosis were approximately
$2218, $3915 and $18,473 respectively.

Medi-Cal claims data will likely provide an erroneous estimate of the five-
year cost of treating myocardial infarction. The claims data include both actual
cases and those who exhibit symptoms, are held for observation and then
released, in the same diagnostic categories. The claims data will therefore
overestirmate the number of cases and underestimate the costs of treatment. |,
therefore, assumed a five-year charge for AMI based on the discussion of
Weinstein et al (1987) and Topol (1988) presented in a previous section.

Extension of the Model to Women

Despite the fact that no controlled trials of drug interventions for
dislipidemia have yet included women, there is considerable interest in treating
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women who have elevated cholesterol levels. For example, the NCEP
recommendations include women. The most recent model based on
Framingham data (Anderson et al, 1991) was used extend the model to women
and estimate the ratio of coronary artery disease risk in women versus men. The
ratios depend on specific risk factors and, therefore, were calculated for every
category used in the model. Specifically, to estimate the effects of the NCEP
guidelines, ratios for categories representing 288 possible combinations of the
risk factors in the logistic regression model were calculated. The ratios averaged
0.72, with 90 percent of the ratios being between 0.47 and 0.95. Further, |
assumed that while gender affects absolute risk, the effectiveness of gemfibrozil,
measured as the relative or percent reduction in risk, was the same for women as

for men.
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Extension of the Model to Older Ages

As discussed above, the Medi-Cal program sets no age limit on eligibility
for participation. Many organizations recommend treating older people. For
example, the NCEP sets no age limits for its recommendations, and does not
suggest any modifications of its recommendations for age. The Helsinki Heart
Study included men age 40 to 55 at entry (and up to age 60 at the end of the
study). To extend our model beyond this age group, it was necessary to make
assumptions about the relationship between age and risk of coronary artery
events.

As discussed earlier, various specifications of the regression mode! of data
from the Helsinki Heart Study did not reveal any discontinuities or nonlinearities in
the relationship between age and the log odds of coronary artery events for men
between 40 and 60. Inclusion of a quadratic term for age (age-squared) was not
statistically significant. Nor did the use of indicator variables for the age groups
40-45, 46-51, and 52-57 improve the specification of the model. Thus | concluded
that for this group it was reasonable to assume that age is related linearly to the
log odds of coronary heart disease risk. However, there is still a possibility that
age and tne log of coronary heart disease risk are not linearly related after age 60,
and other reports of coronary heart disease risk factors (Anderson et al, 1991;
Lerner and Kannel, 1986) have found that the effect of age on the log of coronary
heart disease risk decreases with increasing age. Framingham data were used to
extend the model to older ages and estimate the ratio for the risk of coronary
artery disease events in persons at various ages older than age 60 compared with
persons under age 60. Again, because the ratio depends on the set of prevalent
risk factors, ratios were calculated separately for all possible combinations of risk
factors used in the model. Also, | assumed that while age affects the absolute
risk, the effect of gemfibrozil treatment in modifying the relative or percent
reduction in risk was the same for persons older than age 60 as for persons age
40-60.

Prevalence of Risk Factors
Calculating the effects of treatment strategies that use risk factors to target

high-risk groups requires estimates of the proportions of people with various
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combinations of risk factors. There are no direct data on the prevalence of risk
factors in the Medi-Cal population. Therefore, for the prevalence of tobacco use, |
used data from "Smoking and Health" (1987) adjusted for the income level, age
distribution and gender distribution of Medi-Cal. Levels of total cholesterol, and
HCL-C were estimated from the LRC (1979), and from the Linn et al (1988) report
of the Second National Health and Nutrition Examination Survey data. The
prevalence of hypertension and diabetes was estimated from national data
published by the U.S. Departments of Commerce (1990) énd Health and Human
services (1990). A summary of the absolute numbers of individuals, and the
proportions within each of the categories for each risk factor is presented in
Appendix Table A.3.

Lacking any data on conditional prevalence rates, | assumed that the
prevalence of tobacco use, hypertension, and diabetes are independent. Tsevat
et al (1991) discuss a similar assumption in describing their CHD policy model. It
is likely that there is in fact a positive correlation between these risk factors (eg,
smokers are more likely than average to have hypertension). To the extent that
this is true, this analysis is conservative and will underestimate the number of
candidates for treatment, the number of events prevented by gemfibrozil, and the
savings from the reduced cost of treating coronary artery disease.

Effect of Diet on Cholesterol Levels

Most recommendations for cholesterol management recommend that
patients with elevated cholesterol levels first be given a trial of diet, and only be
given drugs if cholesterol levels remain elevated after diet. National data on
cholesterol levels largely reflect a population untreated with diet. Two community
studies (Stern, 1976 and Puska et al, 1979) have shown that public education can
decrease cholesterol levels approximately 3 percent. Intensive dietary and other
risk factor management in the MRFIT trial (Cagguila et al, 1981) reduced
cholesterol levels approximately 6 percent. Therefore, for this analysis, | assumed
that with personal attention, diet could shift 10 percent of patients from each of
two higher categories into the one below that threshold.
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D. DRUG THERAPY STRATEGIES FOR THE MEDI-CAL POPULATION

Predictions of the probabilities of coronary artery events in individuals with
various risk factors can be combined with demographic information to predict the
number of events in a population, with and without gemfibrozil therapy. To
illustrate this type of calculation, | used demographic information on people
between ages 40 and 79 (inclusive) covered by the California Medicaid program
(Medi-Cal).

Table 31 shows the implications of implementing the NCEP
recommendations in this population. Of the approximately 930,000 people
between the ages of 40 and 79 covered by Medi-Cal, we identified approximately
583,000 who would participate in the program without a discontinuity in their
eligibility. Of these, about 102,840 people or 17.7 percent would be targeted for
drug therapy by the NCEP guidelines, or approximately 11 percent of the full
population of 930,000 about enrollees who are 40-79 years old. In the absence of
drug treatment, approximately 92,838 coronary artery events could be expected
to occur in this population over the five-year period of the analysis. Treating these
events can be expected to cost about $1.25 billion (over five years). If, however,
the NCEP recommendations were implemented with gemfibrozil as the treatment
drug, about 8640 events would be prevented over five years, reducing the
number of events experienced by the group of treated individuals to about 84,200.
The drug treatment and required screening would cost approximately $232
million. Approximately $116 million would be saved by preventing coronary artery
events, leaving a net increase in cost to the Medi-Cal program of approximately
$116 million over five years.

The model can be used to investigate many other strategies. For example,
it is possible to design a treatment strategy that systematically identifies the
highest risk individuals for whom the cost of drug treatment is more than offset by
the savings in reduced treatment costs for coronary artery disease events, as
shown in Table 32. An additional constraint for this strategy requires that it
achieve the same net health benefit, in terms of the absolute number of coronary
events prevented, as the NCEP selection discussed above. With this "cost-
saving" strategy, approximately 46,260 individuals, or 7.9 percent of the Medi-Cal
population would be identified for gemfibrozil therapy. Approximately the same

103



%S9°L1L :p8jea uopigindod [e10) JO uedlay
cy8'eol :pajean aydoad jo Jaquinu fejo}

weiboud ay) 03 sBujnes 18 10 SuUBAS papjoAe sjuasaidal siayoelq u junowy, ,
(xy) wauwneas) Bnig pue (4os) Bujusaiog jo 1509,

g911'0 (g911°0) geez 0 (8e9's) juawneas] Jo 10ay3
ge9e’| goet’1 g2€2°0 102'v8 luswieas) yum
a9vz’1 a9re’1 80000 8€8'26 BB | INOYIM
................... «SHvIioadosnomie
S1S00 S1N3A3 OVIGHVD S1S00 »»SIN3IAT AD3LVHLS
13N 40 INIWLV3IHL »HOS/XH oviauvd

$3N0D1N0O DINONOD3I

S3NIT3AINYD d3IDN 40 NOILVIITddV LI3HIQ :3IAILD3rE0
08 O1 0¥ 39V NOLLYINdOd QIVOIQ3W VINHOLHIYD HOA
S3IW0JLNO JINONOII ANV HLIVIH HYIA-IAH
VIN3AIdINSIa HO4 INJWLVIHL NZOHEIAWID 40 193443 13N

1€ 378vVL

104



%S9°L1 :pajeasn uopeindod |ejo; jo Juadiey

¢v8'201 :pajes) eidoad jo saquinu 10|

weiboud ayy 0} sBujnes jau 10 syusne paploae sjuasaidal siexoeIq uj Junowyy,
(xy) wauness) Briq pue (4og) Bujuaaiog jo 150D,

(88000) (g9110) 88010 (8£9'8) luawieal| Jo 98y
g8ee’| g0¢el’} 88010 002'v8 uawiess) yum
a9re’) gove1 80000 8€£8'26 awieal] INoyum

................... »SHVIIoQJosNonie
S1S0D S1N3A3 OVIQHYD S1S092 #»SIN3AT AD3LVHLS
13N 40 IN3W1V3HL «HOS/xH ovIQuv)

S3IN0JLNO JIWONOD3

d30N SV 1143N38 HLTVIH JWVS “IvO-103W OL S1SOD IZIWINIW ‘3AILO3rao0

08 O 0¥ 39V NOILVINJOd AIVIIA3W VINHOLITYD HO4
S3IW0J1NO JINONOIT ANV HLTVIH HYIA-IAIS
ViN3TidiTSI0 04 INIWLVIHL NZOYEIdW3D 40 193443 13N

¢€ 318Vl

105



number of 8640 coronary artery disease events would be prevented. However,
the lower number of targeted individuals who require drug treatment to achieve
these net health benefits results in significantly lower costs of drug therapy during
the five-year period. Therefore, program expenditures for gemfibrozil drug
therapy would be offset by savings resuiting from averted cardiac events, to yield
a projected five-year savings to Medi-Cal of approximately $8 million. Thus this
strategy both delivers benefit (8,640 coronary artery disease events prevented)
and saves money ($8 million).

We observe in Table 31 above that the five-year cost of drug therapy for
the approximately 17.7 percent of the Medi-Cal population treated under the
NCEP guidelines is $232 million. Table 33 presents ancther plausible strategy
using the NCEP as a baseline for comparison. For this strategy, | hold the drug
therapy costs constant at $232 million. However, we might select a different
group of individuals, at risk for CHD, according to the predictions from the HHS
logistic regression model. In this parallel group of approximately 102,840 targeted
individuals, we observe an improved health benefit profile. Approximately 14,525
cardiac events are avoided by this targeted group of individuals. As a result, with
the same expenditures, we observe greater avoided costs of cardiac care. The
net result is a five year expenditure of $37 million, as compared to the $116 million
resulting from application of the NCEP guidelines.

This analysis is the result of a process of model development based on the
HHS, prediction of CHD risk, and then a selection of those high risk individuals
who would be most efficiently treated for dislipidemia by drug therapy. Targeting
of therapy, therefore, depends on the objective of the program. | have discussed
the health and economic consequences to the Medi-Cal program of three such
targeting strategies. Other possible constraints that decision makers might
choose to specify in defining program policy regarding drug therapy for
dislipidemia include:

) Total budget allocated to dislipidemia therapy,

o) Minimum predicted risk for the group that the individual is
categorized by,

o) The total number of events in the period or the number of
events to be avoided, or

) The percent of the eligible population to be treated.
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Table 34 shows the risk groups selected for drug therapy for dislipidemia, for one
of the strategies discussed above. This strategy attempts to apply the NCEP
guidelines in an optimal fashion, thereby minimizing net costs to the overall
program budget.

E. VALIDATION OF THE ANALYSIS AND DISCUSSION OF ITS
LIMITATIONS

While it is not possible to completely validate any model of this type,
several comparisons can be made. The risk model developed from the HHS data
and its application to assess drug treatment strategies in the Medi-Cal program

has three main components:

o) The estimated effectiveness of gemfibrozil treatment,

) The accuracy of the logistic regression model in predicting
coronary artery disease events as a function of risk factors,
and

) The description of the Medi-Cal population.
Comparisons exist for some of these, but not all.

With respect to the effectiveness of gemfibrozil treatment, the source for
this estimate is a large randomized controlled trial of drug treatment that directly
measured coronary heart disease events. The resuit was statistically significant.
Another randomized controlled drug trial that measured coronary artery disease
events provides a useful comparison. The Lipid Research Clinics evaluated
cholestyramine an found a 19 percent overall decrease in coronary artery disease
events. Other drugs, such as lovastatin, have not yet been evaluated in
randomized controlled trials that measured coronary artery disease events.

With respect to the logistic regression model, several comparisons are
possible. | compare the HHS model from this analysis with the most recent model
developed from Framingham data (Anderson et al, 1991). Several risk factors are
statistically significant in both models: age, total cholesterol, LDL-C, HDL-C,
tobacco use, diabetes, and hypertension. Left ventricular hypertrophy (LVH) was
also found to be a significant risk factor in the Framingham data. The admission
criteria for the HHS trial excluded individuals who exhibited LVH. That measure
could not, therefore, be included in the HHS logistic regression model.
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I will now examine the predictions of coronary artery disease risk as a
function of various risk factors from teh two models (HHS and Framingham). The
models are similar in their predictions of overall risk. For example, for the
population common to both studies (men between ages 40 and 60), the
Framingham model predicts that there should be 35,798 coronary artery disease
events over five years in the Medi-Cal population, whereas the HHS based model
predicts 25,978 coronary artery disease events. Because the Framingham and
Helsinki populations are both dissimilar to Medi-Cal, it is not possible to state
which model more accurately depicts health outcomes in the Medi-Cal

population.

We can also compare the prediction from the models to the number of
people who actually received services for acute myocardial infarction and other
cardiac events in Medi-Cal. | developed an exemplary calculation, estimated from
the 5% Medi-Cal research sample for 1987, of approximately 65 000 such
episodes over a five-year period. This is likely to overestimate the actual number
of people with myocardial infarctions because it includes people who initially
complained of symptoms of myocardial infarctions but who were diagnosed to
suffer from other conditions. Given our assumptions about the prevalence of
various risk factors, the Helsinki model would estimate that about 26,645 persons
would have myocardial infarctions over five years. The prediction is approximately
similar to the observed number of events. Simiarly, for cardiac event other than
myocardial infarctions, 155,000 would be seen over a five-year period. The
Helsinki model would estimate about 66,200 such episodes, and the Framingham
model would estimate approximately 86,000. Errors in coding coronary artery
disease services in the Medi-Cal database, error in my estimates of the
prevalences of risk factors in the Medi-Cal population, and/or inaccuracies in the
model's predictions of the effects of different risk factors could explain the
differences between model! predictions and projections of actual events in Medi-
Cal. It appears possible that the Helsinki model might underestimate the number
of coronary artery disease events in the Medi-Cal population. To the extent that
this is true, the model will also underestimate the number of coronary artery
disease events prevented by gemfibrozil treatment and, therefore, the financial
savings gained by preventing coronary artery disease events.
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Several previous analyses, including those of Kinosian and
Eisenberg(1988) and Oster and Epstein (1987), have estimated the cost-
effectiveness of various treatment strategies for cholesterol. Their general
conclusion that prophylactic drug therapy for dislipidemia is a cost generating
activity is consistent with the results of this analysis. However, specific results of
these various studies are difficult to compare for several reasons. Most important
is that previous analyses have been conducted from the point of view of an
individual patient, using life-expectancy as the measure of effectiveness. This
analysis is conducted from the point of view of a population, specifically the Medi-
Cal population, and uses the occurrence of coronary artery disease events as the
measure of effectiveness. | chose this perspective to try to capture the effect of
treatment on nonmortal events, such as nonmortal myocardial infarction and
angina. | also use outcome measures that some practitioners and policymakers
might find more applicable to their decision-making than life expectancy.
Previous studies mixed models built from different data sets, usually using the
LRC to estimate the effectiveness of drug treatment, and Framingham data to
estimate the effect of risk factors. Because the Helsinki database contains
published information on both the effectiveness of drug treatment and the effect of
risk factors for middie-aged men, | was able to avoid mixing models and/or data
from disparate sources for at least this group; | discuss extrapolation to groups of
individuals who were not included in the trial above. Finally, this analysis is limited
to the five-year horizon of the Helsinki Heart Study.

A recent analysis by Schulman et al (1990) compared the costs and
effectiveness of several different drug regimens, using an LDL/HDL index as the
ultimate measure of effectiveness. To construct the LDL/HDL index, the authors
needed to weight the effect of a percent decrease in LDC-C against the effect of a
percent increase in HDL-C, with the weights determined by their effects on
coronary artery disease events. The authors developed two models, one based
on LRC data and an alternative model based on Framingham data. The model
based on Framingham data showed a higher relative impact of HDL-C on
coronary artery disease events that the model based on LRC data, by a factor of
about two. The authors reported results based on the LRC model. However,
data from the Helsinki Heart Study imply that the relative effect of HDL-C
corresponds more closely with the effect seen in Framingham data. If
Framingham or Helsinki data had been used to develop the LDL/HDL index, the
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results reported by Schulman would likely have been quite different, increasing
the cost-effectiveness of drugs that have a larger effect on HDL-C.

This analysis has several important limitations. These include:

) Potential errors in the model and its applicability to the Medi-
Cal population,

) Information about many population variables is poor, and

) There is no direct information on the prevalence of various

combinations of risk factors in any population.

Some of the discrepancies between the estimates from the model and the events
observed in Medi-Cal might be due to errors in my estimates of the prevalence of
risk factors.

The Helsinki Heart Study confirms the effectiveness of gemfibrozil
treatment on coronary artery disease events, and confirms the effect of risk
factors on the probability that an individual will develop sudden death or
myocardial infarction. A logistic regression model based on these data can be
used to estimate the five-year probabilities of coronary artery disease events in
persons with various risk factors. When coupled with information on the
prevalence of those risk factors in a population, the model can be used to
estimate the five-year health and economic outcomes of different gemfibrozil
treatment strategies. For example, application of the NCEP guidelines for
cholesterol treatment to long term enrollees in the California Medi-Cal population
would imply that approximately 11% of the Medi-Cal population between the ages
of 40 and 80 would be treated with drugs, that approximately 8,600 events would
be prevented and the net cost of this strategy would be approximately $116
million. By selecting only persons for whom the savings incurred by preventing
coronary artery disease events offset the cost of drug treatment, it is possible to
design a program that both provides benefit and saves money. One such a
strategy would result in treating a differently selected and targeted group of
approximately 11 percent of the Medi-Cal population, and preventing
approximately 14,500 coronary artery disease events, at a net cost of
approximately $37 million over a five-year period. Yet another strategy, that
optimizes patient targeting for CHD risk and related provision of prophylactic
dislipidemia therapy, demonstrates net program savings of approximately $8
million during a similar five-year period.
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FIGURE A.2

NCEP DIAGNOSIS AND TREATMENT
OF HYPERCHOLESTEREMIA
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FIGURE A.2 (CONT)

- NCEP DIAGNOSIS AND TREATMENT
OF HYPERCHOLESTEREMIA
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NORMAL PLASMA VALUES OF U.S. POPULATION (MG/DL)

TABLE A.1

TOTAL CHOLESTEROL
White Males White Females (Non-Sex Hormone Users)
Percentiles Percentiles

Age Age

(Years) Mean 5 50 95 (Years) Mean 5 50 95

04 1585 114 151 203 04 156 112 156 200
5-8 160 121 159 203 59 164 126 163 205
10-14 158 119 155 202 10-14 160 124 163 205
15-19 150 113 146 197 15-19 157 120 154 200
20-24 167 124 165 218 20-24 164 122 160 216
25-29 182 133 178 244 25-29 175 130 172 231
30-34 192 138 190 254 30-34 17 i28 168 222
35-39 201 146 197 270 35-39 184 140 182 242
40-44 207 151 203 268 40-44 194 147 191 252
45-49 212 158 210 276 4549 203 182 199 265
50-54 213 158 210 277 50-54 218 162 215 285
55-59 214 156 212 276 55-59 231 173 228 300
60-64 213 159 210 276 60-64 231 172 228 297
65-69 213 158 210 274 65-69 233 171 229 303
70+ 207 151 205 270 70+ 228 169 226 289
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NORMAL PLASMA VALUES OF U.S. POPULATION (MG/DL) (CONT)

TABLE A.1 (CON'T)

LDL CHOLESTEROL
White Males White Females (Non-Sex Hormone Users)
Percentiles Percentiles
Age Age

(Years) Mean 5 50 a5 (Years) Mean 5 50 95

04 — - — — 04 -— — - ——

5-9 93 63 90 129 59 100 68 98 140
10-14 a7 64 94 132 10-14 97 68 94 136
15-19 94 62 93 130 15-19 a5 60 a3 135
20-24 103 66 101 147 20-24 98 - o8 —
25-29 117 70 116 165 25-29 106 70 130 151
30-34 126 78 124 185 30-34 109 67 108 180
35-39 133 81 131 189 35-39 119 76 1166 172
4044 136 87 135 186 40-44 125 7 120 174
45-49 144 98 141 202 45-49 130 80 127 187
50-54 142 89 143 197 50-54 146 90 141 215
55-59 146 88 145 203 55-59 162 95 148 213
60-64 146 83 143 210 60-64 156 100 151 234
65-69 150 98 146 210 65-69 162 97 156 223
70+ 207 88 142 186 70+ 149 96 146 207
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NORMAL PLASMA VALUES OF U.S. POPULATION (MG/DL) (CON'T)

TABLE A.1 (CONT)

TOTAL TRIGLYCERIDES

White Males White Females (Non-Sex Hormone Users)
Percentiles Percentiles

Age Age

(Years) Mean 5 50 g5 (Years) Mean 5 50 95
04 56 29 51 99 04 64 34 59 112
5-9 56 30 51 101 5-9 60 32 §5 105
10-14 66 32 59 125 10-14 75 37 70 131
15-19 78 37 69 148 15-19 72 39 66 124
20-24 100 44 86 201 20-24 72 36 64 131
25-29 116 46 95 249 25-29 75 37 65 145
30-34 128 50 104 266 . 30-34 79 39 69 151 -
35-39 145 54 113 321 35-39 88 40 73 176
40-44 151 55 122 320 40-44 S8 45 82 1N
4549 152 58 124 327 4549 105 46 87 214
50-54 152 58 124 320 50-54 115 52 97 233
55-59 141 58 119 288 55-59 125 55 106 262
60-64 142 58 119 291 60-64 127 56 105 239
6569 137 57 113 267 65-69 131 60 112 243
70+ 130 58 m 258 70+ 132 60 m 237
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TABLE A.2

EFFECT OF SERUM LIPIDS OF A VARIETY
OF PHARMACEUTICAL AGENTS

HYPERTENSION

Adrenergic inhibitors

Alpha-blockers AHDL §y TG y TC y LOL!
Beta-biockers y HOL A TG?

Vasodilators
Minoxidil A HDOL y LD

HETEROZYGOUS FAMILIAL HYPERCHOLETEROLEMIA

Lovastatin XTPC (14-34%) ¥ LDL (17-39%) ¢y AL(B)
HDL 4 AL (ALAII)

Lovistatin + y TPC (51%) y LDL (54%) ¥ HDL (2%)*

Lovastatin + y TPC (27%) v LDL (30%) ¥ HOL (6%)°

Niacin

Lovastatin + y TPC ¢y LDL

Colestipol +

Niacin

Colestipol + YyTPC ¥TG yLDL ¥ AL(B)®

Niacin X AL (Clil-whole serum,heparin precipitate)
HDL 4 AL (Al) 4 AL (Clil-heparin supernate)

1. Paul Leren, M.D., "Comparison of Effects on Lipid Metabolism of Antinypertensive Drugs with Aipha- and Beta-
Adrenergic Antagonist Properties®, The American Journal of Medicine, Volume 82 (suppi. 1A).

2. H. Wolinsky, M.D., Ph.D., FAC.C., “The Effects of Beta-Adrenergic Blocking Agents on Blood Lipids Laveis®, Clin,
Cardiol. 10, 581-588, (1987).

3 Brian F. Johnson, M.D., F.C.P., et al., “The Effects of Once-Daily Minoxidil on Biood Pressure and Plasma Lipids®,
Journal ot Clin. Pharmacol, 1988, , Sept-Oct 26(7) 534-538.

4. Abhimanyu Garg, M.B., B.S., M.D., and Scott Grundy, N.D., Ph.D., “Lovaststin for Lowering Cholesterol Leveis in
Non-insulin Dependent Diabetes Mellitus®, The New England Joumal of Medicine, Vol. 318, No. 2.

5, Abhimanyu Garg, M.B., B.S., M.D., and Scott Grundy, N.D., Ph.D., "Lovaststin for Lowering Cholesterol Lsvels in
Non-insuiin Dependent Diabetes Meliitus*’, The New England Journal of Medicine, Vol. 318, No. 2.

6. Linda Cashin-Hemphili, M.D.; et al.. "Alterations in Serum Thyroid Hormonal indices with Colestipol Niacin
Therapy’, Annais of intemal Medicine, 1987; 107:324-329.
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TABLE A.2 (CONT)

EFFECT OF SERUM LIPIDS OF A VARIETY
OF PHARMACEUTICAL AGENTS

HETEROZYGOUS FAMILIAL HYPERCHOLETEROLEMIA (CONT)

Mevastatin _ vy TPC (22%) v LDL

Mevastatin + y TPC (39%) y LDL (52%) 4 HDL (31%) ¥ RR (19%)
Cholestryramine resin

Pravastatin ¥ TPC (15%) y LDL (19%)”

Simvastatin y TPC (23%) ¢ LDL (28%) 4 HDL (8%)°

FAMILIAL HYPERTRIGLYCERIDEMIA

Gernfibrozil PTT (51%) ¥ VLDL (57%) y VLDL transport (28%) yLDLT (26%
HDL (61%) 4 LDL(11%) 4 FCR of VLDL (92%) ¥ RR (12%)°

Clofibrate ¥ PTT (32%) ¥ VLDL (38%) 4 FCRof VLDL (35%) A LDL (26%)
NON-FAMILIAL TRIGLYCERIDEMIA

Gemfibrozil AHDL yLDL ynonHDL y TG y CHD (34%)
NON-INSULIN DEPENDENT DIABETES MELLITUS

Lovastatin ¥ TPC (26%) ¥ LDL (28%) ¥ AP(B) (26%)'°
¥ TG (31%) ¥ VLDL (42%)

7. Abhimanyu Garg, M.B,, B.S,, M.D., and Scott Grundy, N.D., Ph.D., “Lovaststin for Lowsring Cholesterol Leveis in
Non-insulin Dependent Diabetes Meiiitus®, The New England Journal of Medicine, Vol. 318, No. 2

8. Abhimanyu Garg, M.B., B.S., M.D., and Scott Grundy, N.D., Ph.D., "Lovaststin for Lowering Cholesterol Leveis in
Non-insulin Dependent Diabetes Meliitus®, The New England Journal ot Medicine, Vol. 318, No. 2.

S. Y. Antero Kesaniemi, N.D., Scott M. Grundy, M.D., Ph.D., “influence of Gemfibrozil and Clofibrate on Metabolism of
Cholesterot and Plasma Triglycericies in Man®, JAMA, May 4, 1984-Vol 251, No. 17.

10. Abhimanyu Garg, M.B., B.S., M.D., and Scott Grundy, N.D., Ph.D., “Lovaststin for Lowering Cholesterol Leveis in
Non-insulin Depencent Diabetes Meilitus®, The New Engiand Journal of Medicine, Vol. 318, No. 2.
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TABLE A.3

L*PID MODEL DATA INPUT: PROPORTION OF ENROLLEES
WITHIN AGE AND SEX CATEGORIES

Total Number
582,725
Range = 385,020 - 734,000

Proportions:
Male Female
0.349 0.651
40-50 50-65 over 65 40-50 50-65 v over 65
0.313 0.278 0.409 0.351 0.222 0.427

Total Medi-Cal population age 40 to 80 years is 930,000. Approximately 582,725 individuals are
ously during long-term prophylactic therapy.
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TABLE A.3 (CON'T)

L*PID MODEL DATA INPUT: PROPORTION OF ENROLEES WITH
RISK FACTORS (TOBACCO, HYPERTENSION & DIABETES)
FOR MALES WITHIN AGE CATEGORIES

AGE 40 - 49 YEARS

Tobacco No Tobacco
0.476 0.524
Hypertension No Hypertension Hypertension No Hypertension
0.232 0.768 0.232 0.768
Diab No Diab Diab No Diab Diab No Diab Diab No Diab
0.034 0.966 0.034 0.966 0.034 0.966 0.034 0.966
Table No. 2 Press ’‘Shift/PrtSc’ to print, any other to continue

AGE 50 -~ 64 YEARS

Tobacco No Tobacco
0.444 0.556
Hypertension No Hypertension Hypertension No Hypertension
0.307 0.693 0.307 0.693
Diab No Diab Diab No Diab Diab No Diab Diab No Diab
0.060 0.940 0.060 0.940 0.060 0.940 0.060 0.940

Table No. 3 Press ‘Shift/PrtSc’ to print, any other to continue

AGE 65 YEARS AND OLDER

Tobacco No Tobacco
0.259 0.741
Hypertension No Hypertension Hypertension No Hypertension
0.326 0.674 0.326 0.674
Diab No Diab Diab No Diab Diab No Diab Diab No Diab
0.108 0.892 0.108 0.892 0.108 0.892 0.108 0.892

Jable No. 4 Press ’shift/PrtSc’ to print, any other to continue
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TABLE A.3 (CONT)

L*PID MODEL DATA INPUT: PROPORTION OF ENROLEES WITH
RISK FACTORS (TOBACCO, HYPERTENSION & DIABETES)
FOR FEMALES WITHIN AGE CATEGORIES

AGE 40 - 49 YEARS

Tobacco No Tobacco
0.289 0.711
Hypertension No Hypertension Hypertensian No Hypertension
0.172 0.828 0.172 0.828
Diab No Diab Diab No Diab Diab No Diab Diab No Diab
0.062 0.938 0.062 0.938 0.062 0.938 0.062 0.938
Table No. 5 Press ‘Shift/PrtSc’ to print, any other to continue

AGE S50 - 64 YEARS

Tobacco No Tobacco
0.269 0.731
Hypertension No Hypertension Hypertension No Hypertension
0.248 0.752 0.248 0.752
Diab No Diab Diab No Diab Diab No Diab Diab No Diab
0.053 0.947 0.053 0.947 0.053 0.947 0.0S53 0.947‘
Table No. 6 Press ’Shift/PrtSc’ to print, any other to continue

AGE 65 YEARS AND OLDER

Tobacco No Tobacco
0.157 0.843
Hypertension No Hypertension Hypertension No Hypertension
0.355 0.645 0.3S5 0.645
Diab No Diab Diab No Diab Diab “No Diab Diab No Diab
0.091 0.909 0.091 0.909 0.091 0.909 0.091 0.909'
Table No. 7 Press ’‘Shift/PrtSc’ to print, any other to continue

124



TABLE A.3 (CONT)

L*PID MODEL INPUT DATA:
CALCULATION OF TOBACCO USE BY MEN AND
WOMEN IN RELEVANT AGE CATEGORIES

— m——n—n

Source: SMOKING AND HEALTH A National Status Report
2nd Edition A Report to Congress

DHHS Publication No. (CDC) 87-8396 (Revised 02/90)

Step 1: Adjustment for low income status
(Prevalence of tobacco use is 4.8% higher
than average among those below poverty level)

Step 2: Apportion to our age categories
(Adjust proportions using weights based
on population for each age group
provided in report)

Step 3: Apportion by sex category

(Adjust using a population weighted male to female ratio
from step 1, corrected for higher use of cigars

and pipes among men; assumes that male/female

use ratio is equal over all age groups)
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TABLE A.3 (CON'T)

L*PID MODEL INPUT DATA:
CALCULATION OF TOBACCO USE BY MEN AND
WOMEN IN RELEVANT AGE CATEGORIES

RAW DATA CALCULATED  VALUES

STEP 1

SEX AGE CURRENT EX AGE CURRENT TOBACCO USE

TOBACCO YES NO

USE (%)
MALE  ALL 379  MALE AL 0.397 0.603
FEMALE ALL 244  FEMALE ALL 0.256 0.744
ALL 35-44 364  ALL 35-44 0.381 0.619
45 -54 35.1 45-54 0.368 0.632
55-64 31.8 55-64 0.333 0.667

19.5

CURRENT TOBACCO USE

YES NO
ALL 40 - 49 0.376 0.624
50-64 0.351 0.649
65 + 0.204 0.796

STEP 3
EX AGE CURRENT TOBACCO USE

YES NO
40 - 49 0.476 0.524
50 -64 0.444 0.556
65 + 0.259 0.741
40 - 49 0.289 07N
50 - 64 0.269 0.731
65 + 0.157 0.843
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