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PREFACE

The sole desideratum of this investigation was to
provide those charged with the diagnosis and treatment of
diabetes an analytical method of evaluating alternative
policies for the clinical management of diabetes. Perhaps a
natural consequence of a complex disease such as diabetes is
that much remains unknown about the disease process; con-
sequently, disagreements exist among competent medical
authorities regarding methods of diagnosis and treatment.
Throughout the analysis the author's position'has been one
of pursuing various points of view through to their logical
éonclusions. Thus, an important aspect of this research has '
been the derivation of techniques which allow the decision
maker to incoréorate his judgment regarding those portions
of the disease process which are in dispute.

The Health Program Systems Center of the Indian
Health Service provided financial assistance for the re-
seafch. I am indebted to this organization and to Dr. E. S.
Rabeau, Director, Office of Research and Development of the
Indian Health Service. It is hoped that the results. will be’
u.eful to them in formulating solutions to a complex health
pr;blem. Dr. Jerry Sanders, tﬁrough his role as consultant

to the Center, provided the primary motivation for the study.

His expertise in the field of, disease modeling was freely
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shared and was the guiding influence in directing this
effort toward the goal of providing the Center with a useful
tool. 1In particular, his assistance concerning applications
of probability theory was thorough and invaluable.

Dr. George Summers, serving as the director of the
dissertation, provided valuable counsel in guiding my efforts
to produce a logical and coherent investigation. I am in-
debted to him for stimulating my thoughts about methods of
scientific inquiry and for his encouragement throughout my
doctoral program.,

Thanks are due also to Drs. Robert Baker, Michael
Jucius, and John Trimm for their critical comments and
valuable suggestions.

I am grateful to Dr. Peter Bennett, Director of the
Southwestern Field Studies Section, Epidemiology and Field
Studies Branch, of the Naﬁional Institute of Arthritis and
Metabolic Diseases. The contributions of Dr. Bennett and
his associates toward the advancement of the study of
diabetes are well known and indeed form the basis of this
investigation. In particular, I am indebted to him for his
patient explanations of the disease process, for providing
scholarlf opinion, and for reading and criticizing various
versions of this document.

Several members of the Health Program Systems Center
provided a variety of assistance. Gary Yeager, under fhe

direction of Dr. Karl Reinhard, gathered data which were not
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on the Health Information System, In addition, Dr. Reinhatd
shared data and gave expert advice on epidemiology. Betty
Hetler provided assistance with the literature search.
Virginia London and Eileen Preston typed a variety of
reports.

Pat Bates and Peter Krauss of Bell Aero Systems
provided programming assistance so that data from the Health
Information System could be used in this analysis.

Diane Marcotte of the Management Science Department
at the University of Rhode Island patiently typed the docu-
ment in its later stages.

I am fortunate to have received the able assistance
of Susan E, Potter. She spent many hours reading and
criticizing the exp5sition and the mathematical content of

thig document. I owe her a special debt of gratitude.
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ABSTRACT

Diabetes Mellitus is a chronic disease which
afflicts approximately 2.5 per cent of the United States
population. Prevalence is known to vary ahong populations.
For example, in the Papago Indian Tribe, it is estimated
that the prevalence is about 10 per cewit in general and 46
to 50 per cent for persons near age 50, The management of
diabetes is complicated by the fact that diabetics suffer
from a variety of conditions besides diabetes per se.

The analysis was begun by a careful survey of the
relevant medical literature. The objectives of the
literature search were to determine the important variables
in the disease process and to find the alternative methods
of diagnosis and treatment. The results of this effort
indicated that age, sex, ethnic origin, and glucose level
are important variables in the disease. process. Diagnosis
and treatment involve several alternatives and in order to
make a choice, the decision maker must consider several
points. He needs to decide whether drug therapy for
control of high glucose levels should be initiated for the
asymptomatic diabetic or should be restricted to the
symptomatic patient; whether an active screening program
should be maintained; and at what glucose level the condi-

tion should be diagnosed.

xiv
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Since ethnic origin is known to be a factor in the
disease process and since the prevalence of diabetes is high
among the Papago Indians, the analysis was restricted to
members of this tribe who receive their health care from the
Sells Service Unit of the Indian Health Service.

A procedure was developed which gives the decision
maker the expected annual cost of any treatment and ‘
diagnostic policy he might select. The analysis was per-
formed in two stages. First, the expzacted number of new
cases, old cases, diabetic deaths, and new cases per 1000
persons screened were computed. This information, together
with the decision maker's choice of diagnostic and treatment
method, was used to compute the expected annual cost
.associated with the selected policy.

The major conclusion drawn from the first stage is
that a mass screening effort might be. expected to double
the present case load. This results from detecting large
numbers of asymptomatic diabetics. The major conclusion
obtained from the second stage is that regardless of treat-
ment policy, cost reductions may be obtained by using a
diagnostic glucose level in the range of 165 to 210 mg per
100 ml (plasma) for males as opposed to more traditional
lower values. The same result obtains for females by using
a value in the range of 190 to 235.

Some features of the cost analysis are: (1) it

reflects the excess costs attributable to diabetes, (2) it
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includes the costs due to diabetes incurred by the'diabetic
and nondiabetic populations, (3) it includes the cost |
consequences of classification errors, and (4) it reflects
the cost to patients as well as to the Service Unit. .An
additional feature is that the model provides a quantitative
method for the decision maker to introduce his judgment
regarding the efficacy of treatment into the decision making
process. |

Besides the major conclusions given above, some
other conclusions were reached by the methods of statistical
inference. It was determined that the standard criteria for
the diagnosis of diabetes frequently produce significantly
different diagnoses when applied to the same patient. It
was found that diabetics consume significantly higher
guantities of inpatient and outpatient resources as compared
with nondiabetics of the same age and sex. In addition, it
was found that the difference in outpatient visits for
diabetics as compared with their nondiabetic counterparts is
directly proportional to the square of the duration of

diabetes.



CHAPTER 1
INTRODUCTION

This investigation is concerned with the cost
implications of diabetes. The total cost of diabetes may be
described as the product of treatment costs per patient
times the number of diabetic patients. This analysis
investigates the possibility of reducing total costs by
reducing treatment costs. It is designed to evaluate the
annual expected cost of various treatment programs which
have been proposed.

The study of diabetes is complicated by a myriad of
conflicting hypotheses about the etiology, diagnosis, and
treatment of the condition. For example, several different

criteria may be used to diagnose diabetes and none of these

has universal acceptance. In addition, application of the
various diagnostic criteria to a given patient may lead to
diametrically opposite diagnoses. From the standpoint of
the decision maker, these conflicting hypotheses are not of
an academic nature since the clinician must continue to
treat patients despite the conflicting evidence concerning
alternative treatment methods. In such cases, it is
assumed that the decision maker explicitly or implicitly
adopts a hypothesis and acts accordingly. It follows that
1



the mathematical models presented here must be prefaced by
careful statements concerning the alternative hypotheses the
decision maker might accept.

There are, of course, some aspects of the disease
process which appear to be widely accepted and firmly based
on evidence. But beyond this common base, it is necessary
to incorporate the more generally accepted hypotheses about
diabetes. The approach taken here is to present what is
known about the disease process, to identify the alternative
sets of assumptions, and to determine the cost implications
for each set. Since there are many unresolved controversies
with respect to diabetes, no attempt will be made to
" determine a "best" policy. The approach taken in this
analysis is to determine cost implications of several
policies indicated in the medical literature.

In this chapter, some reasons are given for the
motivation of the study. This is followed by a few pre-
liminary definitions and a statement of the spacific
objectives. Finally, a brief preview of each chapter is

given,

Motivation for the Study

According to estimates prepared from the Health
Interview Survey, approximately 1.3 per cent of the United
States population is considered to be diabetic. In addi-

tion, about the same percentage is thought to have the



disease and be unaware of it. Diabetes is listed as the
eighth leading cause of death and it is thought to be a
major contributor to blindness and cardiovascular disease.
As compared with the non-diabetic population, diabetics have'
approximately three to five times the rate of work-loss, bed
disability, and restricted activity (Bauer, 1957).

The costs of diabetes are not known exactly but the
annual discounted costs have been estimated to be at least
2 billion dollars (McDonald, 1968, pp. 49-54). 'The propor-
tion of the cost of diabetes born by the public sector is
also unknown, but is undoubtedly high. For example,
McDonald (1961, p. 33) notes that the Veterans Administra-
tion dispenses a million dollars per month in compensation
provided to veterans where diabetes was the cause of dis-
ability. It is likely that public funds are dispensed to
diabetics from a variety of federal, state, and local
agencies. Some notion of the magnitude of the elusive costs
of diabetes can be obtained by noting that over 60 per cent
of the federal personal health care outlays are for the 65-
and-over age group. This is exactly the age group that has
- the highest prevalence (about 50 cases per 1,000) of
diabetes. In addition to costs for the general population,
" the federal government is responsible for the health care of
the Pima and Papago Tribes. Using, conventional convervative

standards, it is estimated that 50 per cent of certain age



groups of the Pimas are afflicted with diabetes (Bennett,
Burch, and Miller, 1971, p. 125).

It is clear that diabetes has an economic impact not
only on the welfare of the individual diabetics, but on the

collective national resources as well.

Definition of Diabetes

At this point, it is necessary to introduce some
definitions. Diabetes mellitus is defined as "a chronic
systemic disease characterized by disorders in: (1)
metabolism of insulin and of carbohydrate, fat, and protein
and (2) the structure and function of the blood vessels"
(Waife, 1967, p. 1). Signs and symptoms in the early
stages of the disease are frequently associated with
metabolic difficulties and in the latter stages by complica-
tions associated with vascular disease. In addition, the
disease is thought to be genetically linked.

Diabetes may be characterized by elevated blood
sugar (hyperglycemia), sugar in the urine (glucosuria),
frequent urination (polyuria), excessive thirst (polydipsia),
extreme fatigue, and changes in body weight. These are
frequently ca%led the classic signs and symptoms of
diabetes.,

Although these definitions adequately serve as a
general descriptive device, it is a more difficult matter to

apply them to a particular patient and conclude whether



diabetes is or is not present. For example, the classic
signs and symotoms described above may develop for other
reasons; i.e., as undesirable side efrfects of certain drugs._
In these cases, remission usually occurs with correction of
the drug dosage. Starvation may cause diabetes and remis-
sion occurs with the removal of the starvation state. The
disease may also be precipitated by damage to the pancreas.
All of thése causes are exogenous to any hereditary factor
and, except for damage to the pancreas, are nonchronic.
Another disease, diabetes insipidus, manifests the same
signs and symptoms but is thought to be related to a
neurological rather‘than a metabolic disorder. These
classifications of diabetes are excluded from further con-
sideration in this analysis. The discussion is restricted
to hereditary diabetes which has no known cure.

Perhaps the most widely used indicator of diabetes
is an elevated blood glucose level (hyperglycemia). How-
ever, the definition of diabetes in terms of glucose level
is not a clear-cut issue for several reasons. The first is
the problem of measuring glucose level. Several methods are
used and each has its advantages and limitations. In addi-
tion, the measurements obtained by one method are not
necessérily comparable with those obtained by another
method. A second difficulty is that several criteria are
used to interpret glucose levels and non= of these has

gained universal acceptance. Here the problem is ons of



defining what is a "normal" and what is an "abnormal"
glucose level. Finally, there are factors besides diabetes
which influence glucose level. Age and sex are two examples
of factors exogenous to diabetes which influence glucbse
level. Nevertheless, glucose level is the clinician's
principal diagnostic tool and consequently a decision
variable used in the cost analysis. Therefore, it is
necessary to examine in some detail the matter of glucose
determination and interpretation. This subject is discussed
in Chapter 2 and it will suffice at this point to say that
there is no universally accepted definition of diabetes in

terms of glucose level,

Objective

The objective of the analysis is to determine the
expected annual cost of diabetes for the Sells Service Unit
of the Indian Health Service. Annual cost will be estimated
for several treatment policies and over a range of diagnostic
- glucose levels. A mathematical model will be developed which
is designed to assist the decision maker in evaluating the
cost associated with whatever policy and definition of
diabetes he might select. The question raised here concerns
what impact the various clinical policies have on total

cost.



A Mathematical Model for the Evaluation of
Clinical Management Policies

It is obvious that before building a mathematical
model which is designed to evaluate various clinical policies
one must determine which policies are to be evaluated and
which variables are relevant to the disease process. For
diabetes, the relevant policies and variables are by no
means obvious. In this analysis, the policies and relevant
variables are identified by studying the results of various
other investigations as reported in the medical literature.
Identification of the relevant policy, state, and decision
variables is the subject of Chapter 2.

Policy variables identified in Chapter 2 have to do
with the relationship of treatment to glucose level and to
the classic symptoms. An additional policy consideration is
whether or not an active screening program should be used.
Another policy variable is the frequency with which known
diabetics have their glucose level monitored.

The principal decision variable, glucose level, has
been mentioned above. It is influenced by certain state
variables over which the decision maker has no control,
These are age and sex. In addition, glucose levels are
known to vary from one population to another; consequently,
the distribution of glucose levels for the population

analyzed is discussed in Chapter 3. This chapter also gives
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information regarding the general data base for the popula-
tion.

. Finally, it is necessary to discuss the relationship
between glucose control and prevention of various conditions
which frequently afflict diabetics. Here, one is faced with
a wide variety of opinions with little supporting evidence.
Some of these opinions about this relationship are cited in
Chapter 2 and a method of incorporating the decision maker's
opinion into the analysis is given in Chapter 4.

Once the variables have been identified, they are
incorporated into a mathematical model. This model is
presented and evaluéted in Chapter 4. It is designed to
evaluate the expected annual cost of diabetes programs for
the Sells Service Unit. The model is constructed in such a
way that the decision maker inputs his policy, definition,
and in some cases, opinion about diabetes. He receives as
an output the expected annual cost of the program he has
defined. The model incorporates costs incurred by the
patient as well as those incurred by the Service Unit.

Summary, Conclusions, and Recommendations
for Further Research

The analysis is summarized in Chapter 5. The major
assumptions used in the analysis are restated and the model
inputs and outputs are summarized.: Particular emphasis is
given to those inputs which the decision maker is able to

control. In addition some recommendations are given with



respect to- the implementation of the analysis and with
respect to improvements in record keeping, Chapter 5 is

concluded with a discussion of future research possibilities.



CHAPTER 2

THE DISEASE PROCESS AND THE DECISION, POLICY,
AND STATE VARIABLES

Many a long dispute among divines may be thus
abridged. It is so; It is not so; It is so; It
is not so, -- Poor Richard

It will be recalled that the total cost of diabetés
is the product of the treatment costs times the number of
cases. In the next chapter a model will be presented which
evaluates treatment costs. Before going on to the model, it
is necessary to discuss the model inputs, which are the sub-
ject of the present chapter.

The decision and policy variables used in the
clinical management of diabetes are related to the disease
process. Diabetes is a complex metabolic disease. It is
necessary to review the disease and its complexities in some
detail since the choice of policy variables and the values
of the decision variable are directly related to what is
known (or assumed) about the disease process. It will be
shown that the primary policy variables are related to
screening, monitoring, and treatment and that the primary
decision variable is glucose level. In addition, two state

variables, age and sex, will be shown to influence the

decision variable.

10
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Since much of the literature on diabetes refers to
glucose level, it is appropriate to begin the chapter with a
discussion of this subject. This includes the metabolic
rationale for using glucose level as the decision variable,
methods for measuring glucose level, interpretation of the
measurements, variations associated with glucose level, and
identification of state variables which influence glucose
levels. |

Before discussing the policy variables, it is
necessary to present some preliminary topics. These include
a description of the clinical conditions of diabetes, the
impact of glucose control in preventing other chronic condi-
tions, stages of diabetes, and treatment methods. From this
discussion, the relevant policy variables are derived.

Metabolic Rationale for Using Glucose Level
as the Decision Variable

The following discussion of normal and abnormal
glucose metabolism is summarized from a review (Waife, 1967,
pp. 19-27) of the subject. Diabetes is associated with a
derangement of the carbohydrate metabolism of the body.
Sugar (glucose) is derived from dietary carbohydrates,
protein, and fat. Insulin is required to facilitate
transport of glucose to certain tissues and is also required
in the conversion process of glucose to glycogen. When
diabetes is present, normal glucose metabolism is upset.

Neither the storage nor the conversion mechanism are normal.
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Glucose accumulates in the bloodstream and, after certain
limits are reached, it is discharged in the urine. |

Accordingly, clinical tests for diabetes are based
on glucose levels in the blood and the presence of glﬁcose
in the urine. Under normal circumstances, there is no
glucose in the urine, but there is according to some sources,
a "normal" blocod glucose level. The problems defining

'normal" blood glucose levels are discussed later.

Glucose Tolerance Tests

Diagnostic Tests

The primary diagnostic tool for the detection ofa
diabetes is the glucose tolerance test and glucose level is
the essential decision variable used in clinical management.
Thus, the glucose tolerance test will be discussed in detail.
Other tests which may be used to detect diabetes are glucose
in the urine (glycosuria) and presence of the classic signs
and symptoms (frequent urination, excess thirst, and extreme
fatigue). These diagnostic techniques are usually used in a
confirmatory or supportive role to blood glucose levels
since glycosuria usually takes place in the latter stages of
the disease and since the presence of the classic signs and
symptoms are in some sense based on the judgment of

clinician- and patient.
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Units of Measure for Glucose Levels

Glucose levels may be determined using either plasma
or whole blood and it is important to distinguish between
these two methods. In this investigation, the terms "plasma"
glucose level and "blood" glucose level will be used to
indicate the method‘of determination. Since McDonald,
Fisher, and Burnham (1964, pp. 515-521) have shown that
plasma glucose levels are linearly related to whole blood
glucose levels, there is no difficulty in converting one
value to another. Since the two methods produce numerically
different results, it is important to note whether a given
numerical value is stated in terms of plasma or whole blood.
.The term "glucose level" will be used here to describe
glucose determination in general. The units of measure for
glucose level are milligrams of glucose per hundred
milliliters of plasma (or whole blood). In the literature,
these units are sometimes referred to as "milligrams per

cent."

Specific Glucose Tolerance Tests

There is a wide variety of tests which are used to
detect diabetes. These are known as glucose tolerance tests
because they indicate the degree to which a patient's systenm
can tolerate a glucose load. Typically, a test requires a
patient to fast for a specified time period. Following the

fast, a glucose level determination is made; the result is
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known as the fasting level. Then the patient is given an
oral glucose load. Glucose determinations are then made at
specified periods after the glucose load is given. A
typical time sequence of the events is shown in the bottom
half of Figure 1.

In the nondiabetic patient, the glucose level rises
and then falls with time. In the diabetic, glucose level
falls less rapidly. The top half of Figure 1 shows a
typical result for diabetic and nondiabetic patients.

There are several types of glucose tolerance tests.
They differ with respect to the size of the glucose load and
with respect to the.timing of the glucose determination.

In addition, each test has a different criterion by which
the diagnosis of "diabetic" or "not diabetic" is determined.

The American Diabetes Association's (1969, pp. 240-
310) Committee on Statistics provides the most exhaustive
review of glucose tolerance tests. They note three differ-
ent glucose tolerance tests. The first is the Wilkerson
method which consists of a fasting determination and then
application of a 100 gram oral glucose load. This is
followed by glucose determinations at 1, 2, and 3 hours
after the load is administered. A second test is due to
Fajans and Conn. In this test a glucose load of 1.75 grams
per kilogram of ideal body weight is administered. Glucose
levels are determined at 1, 1-1/2, and 2 hours later. A

third test is that proposed by the University Group Diabetes
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Program. 1In this method a glucose load of 30 grams per
square meter of estimated body surface is administered to
the patient. Glucose levels are determined at fasting state
and at 1,. 2, and 3 hours after the glucose load.

Other tests which are used are usually single points
on a glucose tolerance curve. For example, fasting glucose
levels may be used or glucose levels may be obtained two
hours after eating a meal (postprandial test). In the next
chapter, data will be given from another test due to Bennett,
Burch, and Miller (1971, p. 125). This test is calied a
modified glucose ;olerance test. The test consists of
administering a 75 gram glucose equivalent carbohydrate load
and determining glucose level two hours later. In this test,

no consideration is given to the time of the last meal.

Interpretation of Glucose Tolerance Tests

Criteria for Diagnosis

There is disagreement as to how glucose tolerance
tests should be interpreted. The American Diabetes
Association's Committee on Statistics notes that standard
test conditions as well as criteria for interpretation are
arbitrary. In addition, the Committee notes that it is
desirable to standardize test conditions so that diabetes
data may be compared or pooled. In an attempt to standardigze
the criteria of the three tests discussed above (Wilkerson,

Fajans and Conn, and the University Group Diabetes Program),
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Committee has adjusted the original criteria so that all
glucose levels are stated in terms of plasma and the glucose
load is set at 40 grams per square meter of body surface
(American. Diabetes Association, 1969, p. 300).
After making these adjustments, the Committee

suggests the following interpretation of the Wilkerson

method:
Time Plasma Glucose (mg/100 ml) Points
FPasting 130 (oxr more) 1
1 hour 195 (or more) 1/2
2 hours 140 (or more) 1/2
3 hours 130 (or more) 1

If a patient's measured glucose levels exceed the indicated
levels, then the corresponding points are assigned. (No
points are assigned if the patient's measured levels are
less than the stated levels.) 1If a patient's total points

are greater than or equal to 2, a diagnosis of diabetes is

given.
The adjusted values for the Fajans and Conn test
are:
Time Plasma Glucose (mg/100 ml)
1 hour 185
1-1/2 hours 165
2 hours 140

A diagnosis of diabetes is indicated if all three glucose
levels are exceeded.
A diagnosis of diabetes is indicated by the

University Group Diabetes Program method if the sum of the
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0, 1, 2, and 3 hour plasma glucose levels exceed 600 mg per

100 ml1 (American Diabetes Association, 1969, pp. 303-304).

Critique of the Diagnostic Criteria

One would hope that the three criteria, as adjusted,
would yield the same diagnosis when applied to the same
patient. Unfortunately, this is not always the case.
Kobberling and Creutzfeldt (1970, pp. 870-877) administered
glucose tolerance tests to 746 first degree relatives of
diabetics under conditions very siﬁilar to those suggested
by the Committee. The results of the tolerance test were
used to classify each patient as "diabetic" or "not
diabetic" according to the three criteria discussed above
(and two other criteria proposed by Kobberling and
Creutzfeldt).

The author analyzed these data in order to determine
the. degree of similarity of diagnosis-by the different
criteria. The analysis is restricted to the three methods
discussed by the Committee's report. For 68.2 per cent of
the sample, a diagnosis of "not diabetic" was given by all
three criteria. For 12.5 per cent of the sample a positive
diagnosis of "diabetic" was given by all three criteria.
The remaining 19.3 per cent of the sample had mixed
diagnoses. Thus, when the same measurements were subjected
to the three criteria, a different diagnosis was indicated

by at least one of them in 19.3 per cent of the cases.
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The subject of mixed diagnoses is important in the
present analysis. If one could say that mixed diagnoses
occurred at random, then there would be some basis for
claiming that the three methods do in fact make the same
diagnosis. Also, it would follow that mixed diagnoses were
a result of sampling fluctuations. Thus a true diagnosis
could be approached by increasing the sample size; that is,
the true diagnosis could be approached by repeated tests.
Under such conditions, one might conclude that the three
criteria were equivalent and that an operational definition
of diabetes exists.

The data obtained by Kobberling and Creutzfeldt in
which mixed diagnoses were indicated were further analyzed
by the author. The purpose of the analysis was to see if
the probability of a positive diagnosis of diabetes is the
same for eacn of the three methods. The alternative
hypothesis is that the three methods do not have the same
probabilities of a positive diagnosis. The Cochran é test
(Siegel, 1955, pp. 161-166) is an appropriate statistical
test for this situation. One might visualize the situation
by considering the three diagnostic methods as "judges" and
seeing what conclusion each "judge" reaches when presented
with the same set of glucose levels.

In this case, the Q statistic is distributed
approximately as chi-square with two degrees of freedom.

The data yield a test statistic of Q = 159.3 which is
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significant at a level less than 0.00l. Thus, if a mixed
diagnosis is given by the methods, one rejects the notién
that the three tests yield the same probability of a posi-
tive diagnosis; that is, one cannot conclude that thé
methods disagree at random. Instead, one is led to the
conclusion that when the three methods yield a mixed
diagnosis, the difference is significant.

The result of this analysis has important implica;
tions for the present discussion because one doubts the
existence of a universally accepted definition of diabetes
in terms of glucose levels. Thus, instead of saying,
"Given a diagnosis of diabetes, the cost implications are
¢+ » »," a more prudent course is to say, "If you choose to
define diabetes in a given manner, then the cost implica-
tions are . . . ." In addition, it is necessary to include
in any definition of diabetes by glucose level the particu-
lar method by which the glucose ievel is to be determined.

Before leaving the topic of glucose level criteria,
it should be noted that none of the criteria discussed above
consider cost factors. While the cost implications of
diagnostic criteria are the subject of Chapter 4, it is
elear that the choice of a given glucose level as a
definition of "diabetes" has economic implications. If one
sets the criterion glucose level too low, then one will
assuredly diagnose most diabetics correctly, and con-

currently have a high proportion of false positives. The
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false positives will require unnecessary followup resources.
Setting the criterion level too high will reduce the false
positives and concurrently cause one to classify incorrectly
a high proportion of diabetics. The incorrectly classified
diabetics will not receive the appropriate treatment. This

is covered in detail in Chapter 4.

The Vicissitudes of Glucose Tolerance Tests

Sources of Variations

The glucose tolerance test is an attempt to measure
glucose levels in the blood stream. When one considers all
of the variations which take place in glucose level over
time, it is clear that the three or four points used in a
glucose.tolerance test are in reality only a small sample of
what is happening in the blood stream over time; conse-
quently, there is variability in the result of the tests.
It is convenient to discuss the variability of glucose
tolerance tests in terms of replicability of the test
results, sources of variations which are not clearly
associated with well defined state variables, and sources
of variation which are associated with state variables. The
purpose of this discussion is to identify those variables
which are associated with variation in glucose level so that

they may be entered into the mathematical model presented in

Chapter 4.
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Replicability of Test Results

It has been demonstrated that repeat tests do nét
correlate perfectly with the first test. For example,

Sisk et al. (1970, p. 855) determined that correlation
coefficients between first and second readings on the same
glucose tolerance tests ranged from approximately 0.5 to
0.7. The intervals between tests ranged from 2 to 7 weeks.
While Sisk and his co-workers note that the correlations |
are significant in a statistical sense at the 0.05 level,
this investigation clearly indicates that the clinician
needs to exXercise caution in making a diagnosis on the basis
of a single test. The clinical literature also contains
admonishments against making a disgnosis on the basis of a
single test (see for example, Danowski et al., 1970, p. 21).

It has been observed (Jackson et al., 1970, pp.
1283-1287) that subsequent tests on groups of children
‘tended to have reduced readings on the second test. The
authors attribute the lower second readings to the psycho-
logical uneasiness of the children on the first test. It
is theorized that on the repeat test the subjects were
accustomed to the procedure and were more at ease.

An investigation (Gough et al., 1970, p. 388) gives
evidence that persons with high glucose intolerance tend to
a certain degree to have lower readiﬁgs on a subsequent
test. Approximately 25 per cent of the subjects having a

2-hour plasma glucose level greater than 160 mg/100 ml
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regressed below this level on a subsequent test. It should
be noted that a 2-hour level of 140 (or more) with the
Fajans and Conn criteria is a necessary condition for a
diagnosis of diabetes. The implication is that many of
those tested in this study would be incorrectly classified
as diabetic on the basis of a single test.

In order to formulate a mathematical model, it is
necessary to make some assumptions concerning the basis on
which a diagnosis of diabetes is made. In accordance with
the clinical and statistical references cited above, it will
be assumed that a positive diagnosis of diabetes is not made
on the basis of a single test. In order to avoid a
permanent misclassification of false positives as diabetics,
it is assumed that a diagnosis of diabetes is made on the
basis of a series of tests.

Sources of Variation Which are not Included in
the Analysis

It is worthwhile to inquire why glucose levels vary.
The Committee on Statistics (American Diabetes Association,
1969, pp. 300-301) notes several factors which may influence
the results of a glucose tolerance test other than diabetes..
Among these are general diet conditions for séme time period
preceding the test, level of physical activity, illness,
pregnancy, and drugs which are being used by the patient.

It also recognized that psychological factors may tend to

modify the values given by a glucose tolerance test. The
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Committee makes a variety of suggestions for the preparation
of the patient prior to administration of the test. Thé
purpose of these suggestions is to reduce the influence of
these factors on glucose levels. In a practical sensé, it
is doubtful that they can be easily applied (at least in the
case of mass screening). The implication of the Committee's
suggestions is that the clinician needs to be aware of the
patient's general physiological and psychological state ahd
to exercise caution in making a diagnosis on the basis of a
single test.

It is difficult to incorporate the factors given
in a mathematical model for a variety of reasons. Factors
such as "level of physical activity" are defined vaguely.
Other factors, such as pregnancy, are clearly defined but
data are generally not available which correlate this
condition with glucose level. The author does not wish to
imply that factors such as those indicated by the Committee
on Statistics are unimportant in the interpretation of a
particular glucose tolerance test. For pragmatic reasons
however, they must be excluded from the analysis.
Sources of Variation Which are Included
in the Analysis

There are certain sources of variability in glucose\
levels which may be accounted for in an analytical sense.
These sources are age and sex. This is well documented in

the literature. In general, it is known that mean glucose
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levels increase with age and that females have higher mean
glucose levels than males. These variations have been
observed by Garst (1966, p. 2) and Steinberg et al. (1970,
p- 246).- A comprehensive discussion of increased glucose
levels with age is given by Andres (1971, pp. 835-897). The

mathematical model presented in Chapter 4 will specifically

include age and sex as state variables.

Variations Observed in Various Ethnic Groups

Variability of glucose levels among various ethnic
groups has been observed by Steinberg et al. (1970, pp. 237-
264), by Garst (1966, p. 2), and West and Kalbfleisch (1966,
pp. 9-18). The latter measured glucose levels for several
groups. The distributions for two of these groups are

presented below:

Two-Hour Uruguay East Pakistan
Glucose Level (Per cent) (Per cent)
less than 50 3.5 6.0

50-69 . 23.3 27.9
70-89 32.6 : 46.4
90-109 23.3 16.0
110-129 6.6 1.7
130-149 3.7 0.4
150-169 1.0 0.2
170-189 0.8 0.2
190-239 2.1 0.8
greater than 239 2.9 0.4

100.0 100.
N = 484 N = 519

The author analyzed these data to see if any statistically

significant difference existed for these two groups. The -
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Kolmogorov-Smirnov test for independent samples indicates
that one cannot accept the hypothesis that these samples are
from the same population at a level which is less than
0.001.

At present, there is no clear explanation why these
differences exist. Rimoin (1971, pp. 813-814) cites further
references to this phenomenon and states that the differ-
ences cannot be entirely explained by dietary factors. It
is tempting to attribute the differences to geography or
climate. However, other arguments tend to indicate that
diabetes is a genetic condition; consequently, one might
anticipate that the differences are indeed ethnic in origin.
The cause of the difference is not germane to the analysis
of the following chapter. It is important to recognize that
different groups do have different glucose distributions,
and this will be incorporated into the analysis.

It is interesting to note that if one were to apply
the criterion of Fajans and Conn to the distributions
presented above, one would conclude that there are about
four times as many diabetics in Uruguay as East Pakistan.
Whether or not there are actually differences of this
magnitude is subject to debate., The example serves.to call
into question the practice of applying a diagnostic cri-

terion based on one ethnic group to another.
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Summary of the Discussion of the Decision Variable

Before going on to the policy variables, it is well
to summarize the discussion of glucose level. In spite of
the difficulties associated with glucosevaetermination, this
remains the clinician's principal diagnostic tool for the
detection of the metabolic disorder known as diabetes. It
has been shown that no test or definition based on glucose
level is universally accepted. In addition, there are
several factors which influence glucose level. Age and sex
are two of these factors which can be taken into account in
a mathematical model. Other factors which cannot be
included easily in a model are generally accounted for in
practice by taking a series of tests before making a posi-
tive diagnosis.

It is interesting to note that none of the criteria
for diagnosis of diabetes based on glucose tolerance
includes consideration of variability due to age, sex, or
ethnic origin. Steinberg (1965; pp. 601-602) notes that a
conventional definition of diabetes would cause one to
classify half of the United States female population at age
60 as diabetic. A similar observation is made by Andres
(1971, p. 839). It is clear that inattention to age, sex,

and ethnic variability can lead to diagnostic error.



Introduction to Policy Considerations

Attention is now directed to the policy decisions
which must be made with respect to detection, tfeatment, and
classification of diabetics. Policy variables are by no
means explicitly stated in the literature. Before con-
sidering alternative treatment policies, it is necessary to
understand what is being treated and why. Unfortunately,
expert opinion is not unified on this subject.

Treatment methods are frequently discussed in the
literature in terms of disease stages and clinical
classifications of diabetes. It is necessary to préface the
discussion of treatment policies with some comments on
various staging and classification schemes. After these
preliminary topics are covered, a statement of alternative

policies will be given.

Clinical Conditions of Diabetics

Categories of Clinical Conditions

In order to see what is meant by "treatment" of
diabetes, it is necessary to understand that there are a
variety of clinical conditions which diabetics frequently
experience. It is convenient to divide these conditions
into two categories. The first is a group of conditions
which are known to be related to hyperglycemia and the
second is a group of conditions which are related to

cardiovascular disease and infections.
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Conditions Related to Hyperglycemia

Polyuria (freguent urination), polydipsia (excessive
thirst), and extreme fatigue are given as the classic signs
and symptoms of diabetes (see for example Danowski et al.,
1970, p. 33). These symptoms are generally thought to be
related to hyperglycemia, and their remission occurs if
glucose levels are reduced. While it is true that these
conditions are referred to as symptoms, it is also true that
they are at least an annoyance to the patient and may in
fact restrict his normal activities. In this analysis, the
symptoms themselves are considered to be a condition requir-

ing treatment,

Nonhyperglycemic Clinical Conditions

The second category of clinical conditions which
frequently accompanies diabetes is associated with cardio-
vascular disease and infections. Waife (1967, p. 178) sub-
divides cardiovascular conditions into large and small-
vessel diseases., Two common types of small-vessel disease
are retinopathy and renal disease. The former may lead to
blindness and the latter to death. Cardiovascular disease
accounts for 77 per cent of the deaths in the diabetic
population (McDonald, 1968, p. 68). The impotrtance of non-
hyperglycemic clinical conditions is that these conditions

are responsible for approximately 2/3 of the restricted
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activity and bed disability of the diabetic population
(Bauer, 1967, p. 7).

It is convenient to have a term which describes the
cluster of clinical conditions which frequently accompany
diabetes. In this analysis, the term "nonhyperglycemic
conditions" will be used to refer to all clinical conditions
of diabetics other than the classic signs and symptoms
(polyuria, polydipsia, and extreme fatigue). This defini;
tion should not be construed to mean that there is no
relationship between control of glucose levels and other
diabetic conditions. It simply means that as a matter of
definition, the classic signs and symptoms will be
separated from other diabetic conditions. The relationship
of control of glucose levels to nonhyperglycemic conditions
is discussed in the following section.

Relationship of Glucose Level Control to the
Prevention of Nonhyperglyvcemic Conditions

One of the areas of controversy in the study of
diabetes is the relationship between control.of glucose
levels to the nonhyperglycemic conditions. There are two
schools of thought here. One philosophy is that the non-
hyperglycemic (cardiovascular and infectious) problems are
primarily related to the duration of the disease; that is,
as the disease progresses in time, it is more likely that
the diabetic will develop cardiovascular or infectious

proolems. The other school of thought says that the
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cardiovascular and infectious problems may be preventable
and the method for prevention is careful control of glucose
levels.

Many examples of this divergence of opinion are
available from the literature. Many individuals associated
with the Joslin Clinic tend to believe that control of
glucose levels is important in preventing cardiovascular
disease. See for example Chazan et al. (1970, pp. 565-
569). Waife (1967) comments, "Treatment of all patients
with retinopathy begins with an attempt to bring about
strict control of the diabetes" (p. 189). Goodner (1965)
comments on both arguments and then concludes, "In view of
the lack of resolution of this important question, the
prudent course would seem to be to strive for the best
control possible short of crippling the patient's ability
to enjoy his life" (p. 50).

On the other side Bondy and Felig (1971) note:

Even under the best of circumstances, it is

impossible with present methods to restore the
metabolism of the diabetic entirely to normal.
As a result, it has been impossible so far to
determine whether complete normalization of the
metabolic defect would prevent complications.
Attempts to study the question by statistical
studies~~whether retrospective or prospective--
are unconvincing because of the absence of
adequate controls, because of the impossibility
of producing complete normalcy in the diabetic,
and because attempts to measure the adequacy of
treatment are so crude as to be of dubious value.
In spite of these serious limitations, most
physicians believe that frequent serious lapses

in diapetic control are associated with an
increased incidence and rate of progression of
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diabetic complications; but their belief muét‘be
considered a manifestation of faith rather than of
scientifically proven fact (p. 896).

In the face of this disagreement among experts, the
author has taken the approach of allowing the decision maker
to enter his opinion on this issue. This is accomplished by
obtaining the decision maker's answer to the following
guestion: "If a patient is detected at the time he becomes
diabetic, what proportion of all of his nonhyperglycemic
conditions do you believe can be prevented?" In Chapter 4,
this proportion will be entered into the mathematical model.

It is interesting to note that although the term
"control" (of glucose levels) is used throughout the litera-
ture, an operational definition appears to be lacking. Does
control mean that glucose levels are the same as for a non-
diabetic? Does it mean that some proportion of glucose
levels should be less than some criterion level? If this is
so, what proportion, what level, and what testing procedure
are to be used? Instead of using proportion 6f glucose
levels, is it more appropriate to use a definition based on
the presence (or absence) of the classic signs and symptoms
regardless of the glucbse level at which they appear? Does
Eontrol mean that glycosuria is absent?

In the following chapter, a definition of control
will be introduced. It is based on the proportion of

glucose levels which are less than the diagnostic level.

This method will be used because data are available to make
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the definition operational and because there is no indica-
tion from the literature regarding what definition should

be used.

Clinical Classifications of Diabetics

Before discussing policy alternatives with respect
to treatment of diabetics it is useful to examine clinical
terms which are used to classify diabetics and staging
schemes which are used to describe the disease process.
Disease staging will be discussed in the following section.

There are three commonly used clinical classifica-
tions of diabetics (two will be excluded from further
consideration in this and the next chapter). The classifi-
cations are (1) the adult stable diabetic (adult onset),

(2) the adult unstable diabetic, and (3) the juvenile
diabetic. The unstable diabetic is sometimes referred to as
a brittle or labile diabetic. The juvenile diabetic is more
frequently found in children before they reach the age of
puberty, although age correlation is not perfect. The
juvenile diabetic is characterized by a rapid onset of the
classic symptoms. Usually, the juvenile diabetic must be
treated eéxclusively with insulin. The adult stable

diabetic has a slow, sometimes almost imperceptible onset of
the disease. The adult stable diabetic is frequently treated

with diets or oral agents or some combination of the two.
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The adult unstable diabetic may be characterized by
vacillations between hypoglycemia and hyperglycemia.

The adult unstable and the juvenile diabetic are
easy to recognize, but frequently difficult to treat.} They
are less numerous than the adult stable diabetic. Waife
(1967, p. 2) presents data which indicate that the adult
unstable and the juvenile diabetic comprise only about 10
per cent of the total diabetic population. Since these tWo
clinical classes of diabetics are easily recognized and
difficult to treat, much of the literature on diabetes is
devoted to these classes. This is particularly true of the
early literature (c. 1920). The topic continues to receive
attention. For example, an interesting though somewhat
unorthodox approach to the treatment of the unstable
diabetic is taken by the Chinese Academy of Medical Sciences
(1968, pp. 386-399).

Despite the attention given to these two classifi-
cations, it would appear that the adult stable diabetics
which comprise approximately 90 per cent of the diabetic
population are by force of numbers the larger consumers of
resources. For this reason and since it is difficult to
generalize treatment policies, the unstable and juvenile

diabetic are excluded from the analysis which follows.
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Disease Staging

There are several schemes for staging diabetes.
These generally suffer from being unrelated or insensitive
to the decision variable (glucose levels). For exampie, a
scheme due to Fajans (1971, p. 794) uses four stages:

l. Prediabetes

2., Subclinical Diabetes

3, Latent Diabetes

4, Overt Diabetes
Only stages 3 and 4 can be detected by means of a glucose
tolerance test. At present, afflicted persons can only be
classified as prediabetics (1) retrospectively. Fajans
notes that a special glucose test (cortisone glucose
tolerance test) can be used to detect the subclinical
diabetic. Waife (1967, p. 16), however, notes that this is
disputed by other sources. (Another staging scheme is
presented in the next section in connection with treatment
policies.) The problem with all staging systems seems to
be the perplexing task of detecting the early stages and
the unavailability of treatment techniques *o prevent or
delay subsequent stages.

In this analysis, a simple two-stage system will be
useful., The stages are defined in terms of the classic
symptoms and glucose level. In the first stage, the patient
has a glucose level above the diagnostic level, but doés not

exhibit the classic symptoms. A patient in this stage is
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called asymptomatic. In the second stage the pétient has an
elevated glucose level and exhibits the classic symptoms.
The latter is called the symptomatic stage. One objective
of treatment is to induce the remission of symptoms. In
terms of staging, the objective is to keep the pafient in
the asymptomatic stage. This is accomplished by applying
one of the treatment methods discussed in the following
section.

Before leaving the subject of staging, it is well to
mention that if diabetes is not treated, the final stage may
be diabetic acidosis-coma. The latter condition leads to
death if it is not successfully treated. Data on the number
of persons reaching this stage is difficult to obtain.
McDonald (1968, p. 68) notes that deaths due to diabetic
coma have been decreasing over the years. Although the
consequences of diabetic’ ketosis and diabetic acidosis-coma
may be severe, there is a general feeling that these condi-
tions appear infrequently in the adult stable diabetic (see
for example Danowski et al., 1970, p. 32; Goodner, 1965,
pp. 18-20). Sometimes the term "ketosis-resistant"
diabetic is used synonymously with "adult stable" diabetic.
Although these severe conditions may receive wide attention,
they do not appear to be associated with the type of

diabetes considered in this analysis.
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Treatment Policies

In this analysis treatment is defined as the
specific clinical steps taken to reduce glucose levels. For
the adult stable diabetic, it is possible to try various
treatment methods in order to f£ind one which is suited to
the patient and which is efficacious. The general approach
in treatment seems to be:

1. Attempt to reduce glucose levels by dietary means
and weight reduction.

2. If dietary methods are not efficacious, attempt to
reduce glucose levels by means of oral hypoglycemic
agents.

3. If neither of these treatment plans are efficacious,
then insulin therapy is indicated.

There seems to be agreement that these steps are the appro-
priate ones to be taken in the treatment of the adult stable
diabetic (see for example Goodner, 1965, pp. 46-49: Danowski
et al., 1970, p. 84). '

The dispute in treatment centers on timing. The
question seems to be whether drug therapv should be applied
to the asymptomatic diabetic or whether drugs should be
reserved for symptomatic patients. In order to obtain some
idea of the fluctuating opinion on this subject, it is
necessary to examine some excerpts from the literature,

The first excerpt describes a staging and treatment

system given by Danowski et al. (1970, pp. 32-33). (It is
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presented in its entirety because it will be necessary to
deduce a statement of treatment policy from it.) These'
authors use the term "insulin-independent" diabetic to refer
to "adult stable" diabetic and the term "insulin-dependent"

diabetic to refer to "juvenile diabetic":

Insulin-Independent:

Stage I (prediabetes) This stage predates the
actual development of the disease in a patient who
is genetically predisposed to it. The patient has
no disturbance of carbohydrate metabolism and the
fasting blood sugar, the glucose tolerance and
other indices are within normal limits. Unless the
patient is the nondiabetic identical twin of a
diagnosed diabetic, you cannot make a confirmed
diagnosis. You should suspect it if the patient
has a family history of diabetes, is obese, or has
a history of unusual pregnancy (spontaneous
abortions, still births, neo-natal deaths, babies
weighing nine or more pounds at birth, glycosuria,
hyperglycemia, polyhydramnios, toxemia, etc.). :

Treatment is merely prophylactic. Caution a
suspected prediabetic against overweight and
repeated pregnancies. The prediabetic should avoid
corticosteroids, oral contraceptives and thiazides,
and guard against infection and exposure to stress
as best he can.

Stage II (stress-induced diabetes) This is a
transient form to which the prediabetic is more
prone than the nondiabetic. While present, the
patient's fasting blood sugar may be either normal
or elevated, the glucose tolerance decreased, and
the postprandial sugar elevated. Stress-induced
diabetes may occur during illness, pregnancy,
immobilization, surgery, therapy with diuretics,
or the administration of cortisone. Once the
stress is removed, the diabetes disappears.

The transient stress diabetic, once the hyper-
glycemia disappears, does not require any medica-
tion but should observe the same precautions as
the prediabetic.



Stage III (chemical or latent diabetes) The
commonest form of undiagnosed diabetes, it may be
unrecognized because the fasting blood sugar is
normal and the disorder can be detected only by
means of a glucose tolerance or postprandial blood
sugar test.

Stage IV (overt diabetes) This is the most
commonly recognized form of diabetes. A more
severe phase of stage III, the patient's fasting
blood sugar is elevated, an indication that he can
no longer maintain glucose homeostasis during
periods of fasting. He still has considerable
residual ability to put out insulin and the disease
is usually relatively mild.

The absence of ketosis in stages III and IV
distinguishes them from the remaining stages.
Adult patients in either of these stages rarely
progress to stages V, VI or VII and, if necessary,
you will be able to take time to find the ideal
therapy for a particular patient by trying first
one and then another of the following methods:

- Restrict calories and urge weight loss--
particularly for a patient under 35.

- If the dietary approach fails, as is likely
if the patient is over 25, prescribe one of the
sulfonylurea drugs: chlorpropamide (Diabinese),
tolazamide (Tolinase), acetohexamide {Dymelor)
or tolbutamide (Orinase). These drugs encourage
the pancreatic islets to put out insulin and
block the output of glucagon.

—~ Prescribe phenformin (DBI) which enhances
utilization of glucose without increasing the level
of insulin and regulates absorption from the GI
tract. This is very useful in treating the obese
diabetic. :

- Prescribe a sulfonylurea as well as
phenformin.

- Exercise your option of using insulin, either
alone or with phenformin, if your treatment is not
efficacious after several months' trial.

39
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Insulin-Dependent:

Stage V (Diabetic ketosis) In addition to
fasting and postprandial hyperglycemia, the patient
has a minimum of ketone bodies--products of excess
fat--in the urine. But a measurement of the titer
shows no significant ketone accumulation in the
plasma. The CO2 is normal.

Unless the onset of this stage is sudden and
acute--more likely in a child than in an adult--
the patient is apt to exhibit the classic symptoms
of polydipsia, polyuria, polyphagia, weight loss
and perhaps itching of the genitalia. In making a
differential diagnosis of an asymptomatic patient,
remember that a starving individual will have a
degree of ketonuria, as will a patient who
recently had insulin hypoglycemia. If ketonuria
is due to starvation--perhaps an effect of shock--
expect to find less sugar in the urine than if it
is due to intensification of diabetes.

Stage VI (Diabetic keto-acidosis) In this
stage, ketonuria is more pronounced than in stage
V, there are ketone bodies in the plasma, a
reduction of the serum CO; content to the 20-10
mEq./l/range, and a falling serum pH (7.3 to 7.1).
Tachypnea is common and over-breathing--more than
26 respirations a minute--may develop. At least
20 per cent of children with recent onset diabetes
are diagnosed in stage VI or VII,

Stage VII (Diabetic acidosis~coma) The patient
will have marked accumulation of ketone bodies in
both the plasma and urine, a decrease in serum CO,
to less than 10 mEq./L, and reduction of serum pH to
values as low as 6.8 or 6.9. Kussmaul overbreath-
ing is almost always present.

In stage V, VI, and VII, your therapsutic
options become markedly reduced. Because these
patients have a critical shortage of insulin or of
insulin action, insulin must be given and is the
only agent which may be used alone. Any attempt to
maintain patients in these groups on an oral
diabetic agent as sole therapy is tantamount to
malpractice. Once the diabetes is controlled by
insulin, phenformin with the insulin may be
beneficial.
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Childhood or prematurity-onset diabetes is
almost always in stage IV, V, VI, or VII when
diagnosed. Children with newly-diagnosed
diabetes are in stage V, VI, or VII 30 per cent
of the time, in contrast to adult diabetics who
are in these stages only rarely. It is common
to see such children regress from stage VI or
VII to stage V and stabilization in stage IV
once the emergency state is controlled by rapid-
acting insulin.

The labile or "brittle" diabetic with undue
hyperglycemia and ketosis alternating with
hypoglycemia is between stage III and VII
(Danowski et al., 1970, pp. 32-33).

According to this scheme, drug therapy is apparently indi-
cated whenever hyperglycemia is present.

For example, stage II apparently requires medication
so long as stress which induces the hyperglycemia is
present. Stages I1I and IV are detected primarily by the
presence of an abnormal glucose tolerance test and an
elevated fasting blood sugar respectively. Also, note that
the classic symptoms are not indicated as being present
until stage V. One might summarize this scheme by saying
that medications should be used to control glucose levels
in the asymptomatic patient. It is again noted that
criteria for hyperglycemia and for control are not given.

A different view is expressed in a study known as
the University Group Diabetes Program (UGDP). This study
was designed to evaluate the long-run effectiveness of drug
therapy (American Diabetes Association, 1970). It showed

that mortality (due to cardiovascular disease) of patients

treated with tolbutamide was higher than patients treated
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with a placebo. The study concluded that tolbutamide may
have played a "toxic" role. The mortality data of this
report constitute the topic of still another controversy
which is not germane to this analysis.

The impact of the UGDP study on this analysis is
that it has called into question the use of oral agents for
asymptomatic diabetics. For example, Henry T. Ricketts an
associate editor of the Journal of the American Diabetes
Association notes:

Tolbutamide, as well as other oral hypo-
glycemic agents, has no place in the routine
treatment of chemical or latent diabetes,
suspected diabetes, or prediabetes. Such
therapy has never had a place in diabetic
ketoacidosis or in those prone to it. The
clearest indication for oral agents is diabetes
of mild or moderate severity in a patient who
proves to be poorly controlled with diet and
who is unable or unwilling to take insulin
(American Diabetes Association, 1970, p. v).

Charles Edwards, Commissioner of Food and Drugs
(FDA) notes:

Pending results of such studies, the Food and
Drug Administration recommends that the use of
Orinase (tolbutamide) and other sulfonylurea type
agents, Dymelor (acetohexamide), Diabinese
(chlorpropamide), Tolinase (tolazamide), should
be limited to those patients with symptomatic
adult onset non-ketotic diabetes mellitus which
cannot be adequately controlled by diet or weight
loss alone aad in whom the addition of insulin is
impractical or unacceptable. The oral hypoglycemic
agents are not recommended in the treatment of
chemical or latent diabetes, in suspected
diabetes, or in prediabetes, and are contraindi-
cated in patients with keto-acadossis (American
Diabetes Association, 1970, p. ix).
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It is clear that these views are diametrically opposite to
those given by Danowski et al. (1970). In view of this
unsettled state of affairs, the matter of drug therapy will

be left as a policy variable for the decision maker.

Monitoring and Screening Policies

In addition to selecting a policy with respect to
treatment, two other policy matters need to be considered.
The first is related to monitoring the glucose levels of a
diabetic once treatment has been initiated. The purpose of
monitoring is to check the efficacy of the treatment. If
glucose levels are not responding in a satisfactory manner,
then the clinician may wish to adjust elements of the
patient's treatment program. In terms of a policy, the
issue is hoﬁ often should monitoring be performed.

Finally, a decision needs to be made with respect
to the mefhod by which diabetes is detected. There are
essentially two policy alternatives. Either one maintains
an active program in which diabetics are sought out by
means of a screening program or one waité until the
diabetic complains about his condition and presents himself
for treatment. This choice largely depends on what the
decision maker believes should be done with the asymptomatic
patient. It will be recalled that the asymptomatic patient
can be detected by means of a glucése tolerance test (pro-

vided a criterion glucose level is agreed upon). By



44
definition, the asymptomatic patient does not have the
classic symptoms and consequently has no self-evident reason
for suspecting that he has diabetes or presenting himself
for treatment. Thus, to find the asymptomatic patient, one
would need to screen the population secking out the
asymptomatic diabetic by means of a glucose tolerance test.

There are several reasons for actively seeking the
asymptomatic diabetic. 1In the previous section, it was
noted that some authorities hold that these individuals
should receive drug therapy. In addition, one might hold
that the asymptomatic patient should be admonished to watch
his weight and diet. The decision maker might believe that
it is essential to follow closely the progress of the
asymptomatic patient so that drug therapy can be initiated
at precisely the right moment. These or any other reasons
require that asymptomatic patients be identified and this
in turn implies that the population be screened by means of
some type of glucose tolerance test.

The alternative to conducting an active screening
program is to rely on the patient presenting himself for
treatment. This is likely to happen when the patient's
condition advances to the symptomatic stage. This inactive
approach might be adopted by those who hold that there ig
no benefit associated with the identification of the
asymptomatic diabetic and who hold that the only objective

of treatment is to relieve the classic symptoms.
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Summary of Policy Variables

In the previous sections, several policy issues have

been presented. They may be summarized by the following

questions which the decision maker needs to answer:

l.

Should drug therapy be apvlied to the asymptomatic
patient or should it be rescrved for the symptomatic
patient?

Should the asymptomatic patient be identified?

How frequently should the diagnosed diabetic's

glucose levels be monitored?

It should be noted that if one chooses to apply drug therapy

to the asymptomatic patient, then one presupposes that the

asymptomatic patient has been identified.

The various possible answers to these questions

indicate three types of policy statements (diabetes pro-

grams).

1.

They are:
Actively screen the population for diabetics.
Apply drug therapy to both symptomatic and
asymptomatic diabetics. Monitor the glucose levels
of all diagnosed diabetics.
Actively screen the population for diabetics.
Apply drug therapy only to the symptomatic diabetic.
Monitor the glucose levels of all diabetics.
Do ﬁot actively screen the population for

diabetics. When the patient becomes symptomatic,
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apply drug therapy. Monitor the glucose levels of
diagnosed diabetics.

In Chapter 4, the cost implications of these programs will

be investigated.

Summary

In this chapter, the variables associated with
diabetes have been discussed. In spite of all the diffi-
culties associated with glucose level, this variable which
is measured by the glucose tolerance test remains the
principal means by which diabetes is detected. There
appears to be no universally accepted criterion for
interpreting glucose level. In Chapter 4, jlucose level is
entered into the model as a decision variable. The method
will allow the decision maker to define his own criterion
level.

Several factors influence glucose levels. Those
which are readily quantified are sex, age, and ethnic
group. These will be entered into the model as state
variables. Other factors influence glucose level in more
subtle ways and are generally accounted for in diagnosis by
precluding a positive diagnosis on the basis of a single
test.

Diabetics frequently exhibit the classic symptoms,
and these are thought to be related to hyperglycemia.

Remission of the classic symptoms is accomplished by
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reducing a patient's glucose level. In addition to the
classic symptoms, diabetics may suffer from a cluster of
conditions which may be described as cardiovascular and
infectious diseases. The relationship between preventing
these conditions and control of glucose levels is subject
to debate. In the mathematical model which follows, the
decision maker will be able to enter his opinion about this
relationship.

Although juvenile and adult unstable (labile)
diabetes have received much attention in the literature,
it is adult stable (adult onset, kitosis-resistant) diabetes
which is the most frequently found condition. This analysis
is restricted to the latter classification.

Once a criterion diagnostic glucose level has been
selected by the decision maker, several policy decisions
need to be made. The decision maker needs to decide whether
to actively screen the population for diabetics, whether to
apply drug therapy to asymptomatic diabetics, and how
frequently to monitor diagnosed diabetics.

Each set of decisions has a different cost implica-
tion and in Chapter 4 these cost implications will be

evaluated.



CHAPTER 3

CHARACTERISTICS OF THE DIABETIC AND NONDIABETIC
POPULATIONS OF THE SELLS SERVICE UNIT

Before going on to the mathematical model, it is
necessary to cover some preliminary topics. These are the
glucose distributions associated with the population to be
analyzed and the data base which will be used to compute
resource expenditures.

In the previous chapter, it was shown that glucose
level is the principal decision variable in the diagnosis of
diabetes. It was also shown that glucose levels vary with
age, sex, and ethnic origin, and that it is necessary to
specify the particular type of glucose tolerance test being
used. In the following chapter a mathematical model will be
presented which is designed to evaluate various treatment
policies in terms of expected annual cost and as functions
of glucose level. Since the analysis will be presented for
a particular population, it is necessary to describe this
population and the distribution of glucose levels which
pertain to it. '

The population to be analyzed is the Sells Service
Unit of the Indian Health Service. In this chapter, a
brief description of the Service Unit population is given.
The Sells Service Unit consists primarily of members of the

48
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Papago Indian Tribe. The distribution of glucose levels has
not been determined for the Papago Tribe, but the distribu-~
tion is known for the Pima Indians. In this chapter, this
distribution is described, and reasons are given why one
might expect it to be applicable to the Papago Tribe.

One reason for selecting the Sells Service Unit as
the population to be analyzed is that data concerning
inpatient and outpatient visits are available through the
automated Health Information System (HIS). In order to see
the strengths and weaknesses of this system with respect to
resource expenditures, several outpatient records are
examined. This also serves to illustrate some difficulties
associated with the measurement of resources expended on
diabetes based on HIS records.

Once the distribution of glucose levels is knowh,
one is faced with the problem of selecting a criterion
diagnostic glucose level. One method‘for making this selec-
tion has been given in the literature and it is summarized
in this chapter. This method is based on using the glucose
level which minimizes the expected number of persons mis-
classified. One difficulty with this analysis is that it
does not incorporate cost considerations. Although the cost
consequences of various policies are the subject of the
folloWing chapter, a brief discussion of the cost structure
associated with a fixed diagnostic glucose level is given

in the preseﬁt chapter.
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In order to obtain estimates for the cost structure
referenced above, it is necessary to translate data which
are available on HIS records into cost terms. This in turn
requires a detailed examination of the outpatient experience
of diabetic and nondiabetic patients. The recoxrds of 63
diabetic and 63 nondiabetic patients are analyzed in this
chapter. The purpose of this analysis is two-fold: (1) to
obtain a method of using HIS records to measure costs and
(2) to obtain estimates of the proportion of resources which
is used to control hyperglycemia and of the proportion of
resources which is used for nonhyperglycemic conditions.
These proportions are necessary because hyperglycemic and
nonhyperglycemic conditions are handled in different ways;
and accordingly, the mathematical model treats these two
classifications in different ways.

A general consideration in the cost analysis is that
- the cost of operating the outpatient clinic is known in
aggregate terms and that the cost of treating a specific
patient or the costs of treating certain types of patients
are not available. Cost estimates are available in terms
of average cost per outpatient visit and the cost analysis
will be developed in such a way that these average figures

can be incorporated.



51

Population Analyzed

The Sells Service Unit is an administrative uni£ of
the Indian Health Service which is responsible for the
health care of‘Indians residing in Pima and Santa Cruz
counties and a portion of Pinal county in southern Arizona.
The facilities of the Sells Service Unit consist of a
hospital and three outpatient clinics. The estimated
population serviced by the unit is 9174 and the age-sex
distribution is given in Table 1. The patients serviced
by the Unit are primarily from the Papago Tribe.

In addition to ready availability of data from the
automated Health Information System, the Sells Service Unit
was selected for another reason. The Papago Tribe, the
principal recipient of the Unit's medical services, has an
unusually high prevalence of diabetes (40 to 50 per cent for
some age groups). Thus, the large quantity of resources
expended on this disease is a matter of concern to the
Service Unit management.

Unfortunately there is no information on glucose
distribution for the Papago Indians, but this information is
available for the Pima Indians of Arizona. In this analysis,
the distributions of glucose levels for the Pima Indians are
assumed to be representative of Papago Indians. A descrip-
tion of glucose levels for the Pima Indians and a discgssion
of the applicability of these data to the Papago Indians are

given in the next two sections.
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Table 1. Sells Service Unit Population

Age Group Males Females
0-4 580 . 556
5-9 654 632

10-14 577 511
15-19 465 489
20-24 360 425
25-29 313 343
30-34 300 294
35-39 ' 228 289
40-44 ' 182 224
45-49 150 178
50-54 157 175
55-59 132 151
60-64 99 135
65-69 119 90
70-74 80 . 56
Over 74 _126 _104

Total 4522 4652
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Glucose Levels for the Pima Indians

Screening Program for the Pima Indians

The National Institute of Arthritis and Metabolic
Diseases has conducted a mass screening of glucose levels
for the Pima Indians. Between 1965 and 1969, 2,917 Pima
Indians were given a modified glucose tolerance test (MGT).
The MGT consisted of administering a 75 gram oral carbohy-
drate load and measuring the plasma-glucose level two. hours
after loading. The test was administered without regard to
age, weight, time of day, time of last meal, or a previous
diagnosis of diabetes. The subjects were half- to full-
blooded Pimas. Approximately 83 per cent of the 1966
population was included in the sample (Bennett, Burch, and

Millexr, 1971).

Sample Statistics

The results of the mass screening are described by
Steinberg et al. (1970, p. 241). - The sample statistics by
age-sex group are presented in Table 2. In general, these
data exhibit the characteristics of glucose levels found in
other groups: that is, higher mean glucose levels for females
than males, and increasing mean glucose levels with

increasing age.
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Table 2. Plasma Glucose Valuesb Determined Two Hours after
Challenge with 75 gm of Glucose

Males Females

Age No. Mean s.pn.2 No. Mean s.pn.2
Pima Indians
5-14 550 99.9 19.6 606 104.8 24,0
15-24 245  107.4 61.8 314 112.1 50.5
25-34 139 154.4 117.4 195 151.2 96.3
35-44 146 204.8 166.7 186 226.2 165.9
45-54 96 208.7 140.5 112 256.6 165.7
55—64 83 214.9 143.2 106 293.1 l6l.5
65-74 81 210.0 141.1 52 229.4 130.6

2s.D. = Standard deviation.

Png/100 mi.

Glucose Level Distribution

Histograms of some age-sex groups are shown in
Figure 2. When glucose levels are transformed to 1og10 of
glucose level (as shown in Figure 2), the data show a strong
tendency to exhibit two gfoups (i.e., the distribution is
bimodal). Steinberg and his co-workers have assumed, as a
working hypothesis, that the distribution of glucose levels
is generated by two discrete populations--~one diabetic and

the other nondiabetic. They further assume that the two
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component distributions are loglo normal. The composite
distribution is assumed to be the weighted sum of the tﬁo

component distributions:

@,  =(xu)? o, ~(X-p,)?
£(X) = ——— exp 5 + exp ————5—
ol JZW 20l ol JZW 202

where: X

loglO of plasma-glucose level
K, = mean of nondiabetic population

mean of the diabetic population

r
N
I

0, = standard deviation of the nondiabetic
population

o, = standard deviation of the diabetic population

a. = proportion of the total population which is
nondiabetic

&, = proportion of the total population which is
diabetic

It follows from these definitions that o +a, = 1. A
summary of the maximum likelihood estimates of the parameters
(found by Steinberg) is given in Table 3 (Steinberg et al.,
1970, pp. 240-242). In Figure 2, the composite curve is
superimposed on the histogram and the tails of the

component distributions are indicated by dashed lines.

The following statements about the means and standard
deviations of the component distributions are the conclu-
sions of Steinberg et al.:

l. The mean and standard deviation of the diabetié

group are the same for all age-sex groups. Pooled
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Table 3. Maximum Likelihood Estimates of d;, &;, H,, &,,
and a. Using Loglo Plasma Values 6f a Sample of
Pima }ndians

Age No. “1 cl al “2 ’ 02
Males

5-14 550 1.991 0.088 1.000

15-24 245 1.987 0.10¢9 0.975 2.527 0.245
25-34 139 2.029 0.099 0.811 2.488 0.215
35-44 146 2.037 0.137 0.714 2.611 0.139
45-54 96 2.069 0.109 0.657 2.554 0.139
55-64 83 2.073 0.104 0.645 2.566 0.123
65~74 81 2.112 0.121 0.746 2.610 0.105
Females

5-14 606  2.009  0.098  1.000

15-24 314 2.015 0.017 0.984 2.645 0.040
25-34 195 2.081 0.130 0.916 2.627 0.088
35-44 186 2.121 0.103 0.660 2.571 0.169
45-54 112 2,168 0.159 0.685 2.660 0.104
55-64 106 2.177 0.134 0.507 2.623 0.103
65-74 52 2.178 0.130 0.645 2.538 0.148

estimates of the mean and standard deviation are

A, = 2.588 and 5, = 0.141.

2. The standard deviation of the nondiabetic group is
the same for all age-sex groups. A pooled estimate
for the parameter is 31 = 0.107.

3. The mean of the nondiabetic group varies with sex
and linearly with age. For males the relationship
is

d;(a) = 1.9473 + 0.0023a 15 <a <74
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For females the relationships are

IA

a 54

IA

fd,(a) = 1.9050 + 0.0054a 15
A, (@) = 2.175 54 < a < 74

The linear relationships in these three statements aré
regression equations in which the independent variable is
age (a) measured in years (Steinberg et al., 1970, pp. 245-
247). The units of measure for all means and standard
deviations are 1oglo (milligrams per 100 milliters).

Estimates of o, are computed from the estimates of
%y in Table 3 by using the relationship a, = 1 - % . An
inspection of the maximum likelihood estimates for a, indi-
cates that these are a curvilinear function of age.
| Steinberg et al. (1970, p. 245) attribute the decrease in
a, at the higher age groups to the higher death rate of
diabetics as compared to nondiabetics. The curvilinear
regressions (performed by the author) are given in Figure 3
for males and Figure 4 for females.
Interpretation of the Composite and Component
Glucose Distributions

Steinberg and his associates have appropriately
indicated that the labeling of the two component distribu-
tions as "nondiabetic" and "diabetic" is a hypothesis. If
there were some method, independent of glucose level, of
distinguishing "diabetic" from "nondiabetic," it would not

be necessary to make this hypothesis. In the absence of an
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independent method, one must turn to other lines of reason-
ing to check the validity of the hypothesis.

There appear to be two reasons for believing the
component distributions are correctly labeled as "non-
diabetic" and "diabetic." The first is an observation that
bimodal distributions frequently reflect the fact that two
distinct populations have been included in the analysis
which could, in theory, be distinguished by means of an
additional discrete nominal variable. In this case the
additional variable might be "diabetic or nondiabetic." The
second reason for believing that the component distributions
are correctly labeled is based on additional data gathered
by Bennett and his associates. These data and a statistical
analysis pe;formed by the author are presented in Appendix
A, The thrust of this argument is based on the associated
chronic vascular complications of retinopathy and
nephropathy. Bennett, Miller, et al. (1971) note that
these conditions "are found only very rarely, if ever, in
subjects without diabetes mellitus" (p. 2). Appendix A
shows that there is evidence to indicate the presence of
these conditions in the region of the diabetic component
distribution and the absence of these conditions in the
region of the nondiabetic component distribution.

At the present time, there.seems to be no sure
method for confirming the hypothesis that the two component

distributions represent diabetic and nondiabetic populations
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respectively. However, on the basis of the reasoning
presented here, it is assumed that the component distribu-
tions represent distinct diabetic and nondiabetic popula-

tions.

Applicability of the Pima Glucose Distributions
to the Papago Indians

The glucoée distributions described in the previous
section pertain to the Pima Indians and the analysis of the
following chapter is for the Papago Indians of the Sells
Service Unit; consequently, it is necessary to comment on
the applicability of these distributions to the Papago
Indians. It is convenient to turn to the literature on
anthropology to obtain some insight on this matter. A
general discussion of the terms "Pima" and "Papago" is given
by Castetter and Bell (1942, pp. 1-11). Specifically, these

authors note:

The Pimans, a name applied to the whole group of
Pima-Papago in both Mexico and the United States,
anciently extended in irregular distribution from
southern Sonora to the Gila River, occupying a
slightly larger territory than at present, but
living in essentially the same areas since they
were first discovered. The division of these
Pimans into two groups designated Pima Bajo
(Lower Pima) and Pima Alto (Upper Pima) is purely
geographical, not linguistic; formerly both were
continuous, and in Kino's day there was inter-
course between them (p. 1).

and again:

Papago and Pima speak the same language, with
but slight variations. They are combined under
one name, The People, differentiating themselves
as Desert People (Papago) and River People
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(Pima). . . . It was not until after the mission’
period that those changes were initiated which
resulted in the formal demarcation of Papago and
Pima (p. 7).
Anthropologists generally seem to be agreed that the terms
"Pima" and "Papago" reflect the imposition of definitional
terms by elements external to the Indians. These terms
reflect slight geographical differences and do not indicate
differences of ethnic origin (Fontana, 1972).
In this analysis it will be assumed that the glucose
levels for the Pima Indians are applicable to the Papago

Indians. (This assumption could be verified by a mass

screening program of the Papago Indians).

Selection of a Criterion Diagnostic Glucose Level

Methods of Selection

From Figure 2 it can be seen that the tails of the
component distributions overlap; conséquently, it is
impossible to set a criterion glucose level which will not
misclassify some individuals in the population. The
question is: By what method shall the criterion diagnostic
level be determined? One method is to select a criterion
diagnostic level so that the total expected proportion of
persons misclassified is minimized. Another approach is to
select the diagnostic level that will minimize expected

cost.
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Minimum Expected Proportion Misclassified
An analytical solution to this problem is presented

by Steinberg et al. (1970, pp. 251-252). The function to be
minimized is

M = pl’al + pz'CLZ
where: M = expected proportion of the total population

which is misclassified

P, = probability that a nondiabetic is classified
as a diabetic (false positive)

Py, = probability that a diabetic is classified as a
nondiabetic (false negative)

and where ay and @, are the nondiabetic and diabetic propor-
tions of the population. It will be recalled that %y and a,

depend upon age and sex. Let

XC = log10 of the diagnostic criterion glucose level.

Figure 5 shows a schematic representation of the distribu-
tions. The valuesofpl and p, will depend upon the value of
XC. In addition, the value of Py depends on age and sex.
The problem is to find a value of Xc' say Xc*, which
minimizes M. The results of Steinberg's analysis are given
in Table 4 for various age-sex groups (Steinberg et ai.,

3970, p. 256).

Eipected Cost
The analysis given above is not designed to include

cost information. The glucose levels which minimize the
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Table 4. Values of Criterion Glucose Levels Which Minimize Total Proportion
classified and Probabilities of Misclassification
Males Females
Anti-Log Anti-Log
Age Xc* xc* P2 Py ’Xc* Xc* P2 Py
15-24 2.3436 220.6 .0420 . 0040 2.3696 234.2 .0613 . 0004
25-34 2.3093 203.8 .0244 .0033 2.3687 233.7 . 0605 .0027
35-44 2.3091 203.8 .0243 .0061 2.3536 225,7 . 0487 . 0157
45-54 2.3156 206.8 .0270 . 0091 2.389%94 245.1 . 0801 .0217
55-64 2.3276 212.6 .0328 .0117 2.3629 230.6 .0557 .0381
65-74 2.3558 226.9 .0503 .0100 2.3831 241.6 .0737 .0249

99
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expected proportion misclassified may be interpreted as the
levels which minimize expected costs if the cost of a félse
positive equals the cost of a false negative and if equal
costs are associated with persons who are correctly |
classified as diabetic or nondiabetic. An additional
limitation of the above analysis is that the proportion of
the popﬁlation which is diabetic (az) is based on cross-
sectional data and consequently it does not reflect how 16ng
individuals have been in the diabetic state. Thus, if
treatment costs vary with duration of diabetes, then the
minimizing procedure given above does not necessarily pro-
duce a minimum cost.

In the following chapter, a model will be presented
which incorporates the costs associated with correctly and
incorrectly classified diabetics and nondiabetics. 1In
addition, it will be shown that costs associated with
diabetics do in fact change with the duration of their
diabetes and this variation will be incorporated into the
analysis. The analysis which follows is designed to find
the expected cost for each treatment policy over a range of
glucose levels. For certain policies a minimum cost obtains
and the corresponding glucose level will be identified. 1In
order to see the general structure, a brief description of

the cost elements is given in the following section.
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Cost Structure of a Diabetes Program

Cost Classifications

It should be noted that the specification of a given
value of the decision variable (Xc) divides the population
into four groups: (1) correctly classified nondiabetics, (2)
correctly classified diabetics, (3) incorrectly classified
nondiabetics (false positives), and (4) incorrectly
classified diabetics (false negatives). The situation is
shown schematically in Figure 5. The costs associated with
each group vary with the treatment policy in a manner which
is described in detail in the following chapter, but a brief
discussion of the cost elements is given in the next para-
graphs.
Costs Associated with Correctly Classified
Nondiabetics

In the previous chapter, it was noted that certain
treatment policies presuppose an active and perpetual
screening program. Screening is done to obtain information
on which the classification "diabetic" or "nondiabetic" is
based and accordingly is performed by administering a
glucose tolerance test. Since $creening is used to detect
diabetes, it is not used for persons who have been classified
previously as "diabetic." Screening is performed on persons

who were classified as "nondiabetic" on a previous screening
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effort. Thus this is the cost associated with a correctly
classified "nondiabetic."

Costs Associated with Correctly Classified
Diabetics

Once a diabetic has been correctly classified,
resources are expended on the patient in two ways. First,
actions are taken to reduce glucose levels. As indicated
in the previous chapter, these actions vary with treatment
policy, but they may consist of admonishments concerning
diet and weight réduction and drug therapy. In order to
check the efficacy of treatment, it is necessary to monitor
glucose levels. Thé second consideration is associated with
the cluster of conditions, other than hyperglycemia, which
diabetics frequently exhibit. (These conditions will be
discussed later in this chapter.) In the previous chapter,
this cluster of conditions was referred to as "non-
hyperglycemic" conditions.
Costs Associated with Incorrectly Classified
Nondiabetics

The cost associated with patients in this classifi-
cation is related to the resources expended to correct the
misclassification error. In the previous chapter, it was
noted that individuals in this category have a tendency to
have lower glucose levels on subsequent determinations and
that good medical practice requires that subsequent

determinations be made before a positive diagnosis is given.
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Thus, the cost associated with the incorrectly classified
nondiabetic is the cost of the subsequent glucose tolerance
tests.
Costs Associated with Incorrectly Classified
Diabetics

These costs are particularly elusive because the
impact of the misclassification error is not known. Once
correct classification is obtained, these patients receive
the same type of treatment as a correctly classified
diabetic; that is, they receive treatment designed to
relieve hyperglycemia and treatment for nonhyperglycemic
conditions. In the analysis presented in the following
chapter, it will be assumed that once correct classification
is obtained the nonhyperglycemic costs are proportionately
higher for incorrectly classified diabetics as compared with
correctly classified diabetics. Although the method for
determining this cost is reserved for the following chapter,
it will suffice at present to say that the excess cost is a
function of the duration of misclassification and of the
decision maker's opinion regarding the proportion of non-

hyperglycemic conditions which can be prevented.

The Health Information System Data Records - .

The automated Health Information System (HIS) is one
basic data source used in the measurement of resources

expended on diabetes. In order to see what can and cannot
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be determined from this system, it is necessary to examine
a few examples. A typical outpatient record is shown iﬁ
Figure 6.

Certain demographic information (identificatién
number, residence, date of birth, etc.) is given at the top
of the record. This is followed by the record of each
outpatient visit listed by date and clinic. Four general
types of information are recorded for each visit. These ére
(1) diagnoses made, (2) laboratory tests performed, (3)
medications prescribed, and (4) minor operations performed
in the clinic.. Each diagnosis and operation is given by a
code number. For example, the code number 2509 designates a
diagnosis of diabetes without acidosis or coma.

A cursory examination of Figure 6 gives some notion
of the difficulty associated with translating outpatient
records into resource expenditures. Perhaps the most out-
standing difficulty is that no record is given concerning
the amount of time spent on each patient. Thus, it is not
possible to translate a specific visit into some time measure
of resources such as M.D. hours.

Another difficulty is related to the use of the
diagnosis code for diabetes (2509). For example, the first
two visits on Figure 6 simply records "2509 diabetes
mellitus" without stating what action (if any) was taken by
the clinician. It is not known if the patient was advised

that he has diabetes, or if he was given dietary advice or



INT. ID. RESIDENCE
08972 CHIAWULI TAK (FRESNAL VILLAGE)

08/18/69  SELLS HOSPITAL/CLINIC 2509
10/23/69  SAN XAVIER CLINIC 2509
10/28/69  SAN XAVIER CLINIC 7595

2509
11/04/69  SAN XAVIER CLINIC 2509
’ ROUTINE URINALYSIS, WITHOUT MICROSCOPZggs
11/25/69 SAN XAVIER CLINIC Zggg

ROUTINE URINALYSIS, WITHOUT MICROSCOPIC
GLUCOSE, QUANTITATIVE, NOT AUTOMATED

2509
TAB 500 MG

02/27/70  SAN XAVIER CLINIC
ACETOHEXAMIDE
X-RAY, CHEST, ROUTINE
ROUTINE URINALYSIS, WITHOUT MICROSCOPIC
UREA NITROGEN, NOT AUTOMATED
GLUCOSE, QUANTITATIVE, NOT AUTOMATED

02/02/70  SAN XAVIER CLINIC Y031
2509
GLUCOSE, QUANTITATIVE, NOT AUTOMATED
03/06/70 SAN XAVIER CLINIC Y031
2509
PYRIDOXINE HCL TAB 50 MG
ACETOHE XAMIDE TAB 500 MG
ISONIAZID TAB 100 MG

ROUTINE URINALYSIS, WITHOUT MICROSCOPIC
GLUCOSE, QUANTITATIVE, NOT AUTOMATED

Y003
7969
ROUTINE URINALYSIS, WITHOUT MICROSCOPIC

03/24/70 SAN XAVIER CLINIC

05/07/70 SAN XAVIER CLINIC 2509
PYRIDOXINE HCL TAB 50 MG
ISONIAZID TAB 100 MG
ACETOHEXAMIDE TAB 500 M3

Figure 6.

HOUSE NO. SEX

9999 M

72

BIRTHDATE
08/26/94
DIABETES MELLITUS
DIABETES MELLITUS

KLINEFELTER S SYNDROME
DIABETES MELLITUS

DIABETES M
KLINEFELTER S SYNDROME

KLINEFELTER S SYNDROME
DIAB M

DIABETES MELLITUS

o 1 TIMES DAILY
PPD CONVERTER
DIAB M
PPD CONVERTER
DIABETES MELLITUS
1 1 TIMES DAILY
0 1 TIMES DAILY
3 1 TIMES DAILY
LAB TEST
MED REFILL
DIABETES MELLITUS
1 TIMES DAILY
3 TIMES DAILY
1 TIMES DAILY

Typical Outpatient Record
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if he simply complained about his condition. Examination of
other records reveals that the code 2509 is used in a wide
variety of ways. For example, in patient number 6646
(record not shown) this code was used to indicate a diabetic
ulcer, amputation of a toe, and treatment of gangrene. It
is clear that the code for diabetes is used for a wide
variety of conditions and that one may anticipate that these
conditions do not consume resources in a uniform manner. |
Thus the code 2509 is used to represent the condition
"diabetes" regardless of the severity of the disease.

An additional difficulty with the outpatient record
is that variety of conditions may be diagnosed and treated
in a single visit. This is illustrated by the third and
fourth visits on Figure 6. No indication is given which
would describe what proportion of the visit is associated
with a particular condition. One method which has been
devised to handle the problem of mixed diagnoses is the
"primary encounter method." The Health Information System
records one diagnosis per visit as the primary encounter
and this is listed as the first diagnosis in each visit.

One difficulty with this method is illustrated by the fifth
visit on Figure 6., It will be noted that this visit would
not be counted as a primary diabetic encounter, despite the
fact that a urinalysis and a glucose test were given to the
patient. An additional difficulty with the "primary

diabetic encounter" method is that it is not clear (to the
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author) how the designation "primary" is determined in
practice. For example, it is not clear whether a primary
encounter represents the clinician's estimate of the primary
reason for the visit or his estimate of the primary resource
consumption of the visit, or whether it is the complaint
presented by the patient. Finally, a significant difficulty
associated with the primary diabetic encounter method is
that it ignores resources expended on diabetics other than
for diabetes per se. This situation is examined in detail
in the following section.

Comparison of Diabetic and Nondiabetic
Outpatient Records

In this section, some measures for the expenditures
of outpatient resources will be examined. One purpose of
this section is to develop some measures which can be stated
in terms of data which are available on HIS and can be used
in conjunction with available average cost figures. A
second purpose is to obtain estimates of the proportion of
resources used to contrbl hyperglycemia and the proportion
used for nonhyperglycemic conditions.

In order to obtain some notion of resource expendi-
tures, it is useful to examine a sample of cutpatient
records. A random sample of 63 persons who had a diagnosis
of diabetes was selected from the HIS data file. These
diabetics were matched with persons who had no diagnosis of

diabetes. Matching was made on the basis of age (+ 4 years),
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sex, and village. For each group, a tabulation was made of
each diagnosis and of the total number of visits which took
place during fiscal year 1970. The results of this tabula-
tion’are given in Table 5. In order to make the results
more tractable, individual disease diagnoses have been
collected in disease categories, according to a taxonomy
prepared by Reinhard (1971).

Inspection of Table 5 reveals several interesting
features. Diabetics had about seven times the number of
diagnoses and six times the number of visits as cowmpared
with their nondiabetic counterparts. Except for one disease
category, diabetics had at least as many diagnoses within
the category in comparison with nondiabetics. In fact, 18
of 21 categories showed more diagnoses for diabetics. The
latter observation tends to support the position that
diabetics consume more resources over the entire spectrum
of disease categories and not just for diabetes per se.
Earlier the term "nonhyperglycemic conditions" was used to
describe‘the'cluster of conditions, other than hyper-
glycemia, which afflict diabetics. From the table, it can
be seen that nonhyperglycemic conditions are an important
aspect of the resource expenditures for diabetes. An
estimate of the proportion of resources expended on hyper-
glycemic and nonhyperglycemic conditions will be made later
in this section, but first it is necessary to devise a

method of measuring resources from HIS records.
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Table 5. Diagnoses of Diabetics and Nondiabetics by Major
Disease Categories

Number of Diagnoses

Difference -
Major Disease Non- (Diabetic-
Category diabetic Diabetic Nondiabetic) Total
A Gastroenteritis-
Diarrheal disease 0 4 4 4
B Tuberculosis 6 33 27 39

C Bacterial

diseases, other

than diarrheal,

VD, or TB 1 3 2 4
F Other parasitic

and infectious

diseases 0 1 1 1
G Neoplasms . 2 2 0 4
H Endocrine,

metabolic, and

nutrition 5 369 364 374
I Blood dyscrasians 1 1 0 2
J Mental disorders 2 14 12 16
K Disease of

nervous systems

and sense organs 10 27 17 37
L Cardiovascular

diseases 15 54 39 69
M Upper respiratory

diseases 9 27 18 36
N Influenza and

pneumonia 4 11 7 15
O Digestive system 7 27 20 34
P Urinary disorders 8 25 17 33
Q Genital tract

disease 2 3 1 5
R Childbirth and

complications 9 7 -2 16
S Skin diseases 6 34 28 40
T Musculoskeletal

diseases 3 22 19 25
W Symptoms, senility,

and ill--~defined 3 20 17 23
X Injuries 7 14 7 21
Z Supplementary :

care 12 33 21 45

Total 112 731 843
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Number of Diagnoses

Difference
Major Disease Non- (Diabetic~
Category diabetic Diabetic Nondiabetic) Total

Number of patients 63 63 -
Number of visits 84 510 426
Diagnoses per visit 1.33 1.43 0.10
Diagnoses per

patient 1.78 11.60 9.82
Visits per patient 1.33 . 8.10 6.77
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From the examination of a typical outpatient record
(Figure 6), two important conclusions are made: (1) seQeral
diagnoses might be made in a visit and (2) no indications of
length of visit or severity of the patient's conditioﬁ are
given. Thus, one must turn to other methods to measure
resources expended. Accordingly, the following assumption
is made:

1. Resources expended on a patient visit are pro-
portional to the number of diagnoses made in the
visit,

Justification of this assumption rests with the notion that
the variable outpatient costs (laboratory tests, medications,
M.D. and nurse hours, etc.) are proportional to the number
of diagnoses made.

If one is willing to accept this assumption, then
the data given in Table 5 give some additional information
about how resources are expended. The average number of
diagnoses per visit for a diabetic is 1.43 as compared with
1.33 for a nondiabetic. The difference in sample means,
though small, is large enough to cause one to accept the
hypothesis that diabetics have a higher mean number of
diagnoses per visit at the 0.10 level of significance. A
second observation from Table 5 is that the average number
of visits per diabetic patient is 8.10 as compared with 1.33

for nondiabetic patients. The difference in these sample
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means is significant at the 0.001 level. This sample in-
formation leads to the following assumption:

2. More resources are expended on diabetics in two
ways: (1) a diabetic outpatient visit is more
expensive in terms of diagnoses par visit and (2)
diabetics have a higher number of visits.

The higher number of diagnoses per visit for diabetics
requires an additional comment.

The author attributes the difference in the higher
resources expended per visit to the actions taken to control
hyperglycemia. Thus, the following assumption is made:

3. The difference in the resources expended per visit
for diabetics as compared with nondiabetics is due
to the actions taken to control hyperglycemia. In
addition, the proportion of resources used to
control hyperglycemia is computed from the average
number of diagnoses per visit for both groups and is
found to be

1.433 ~ 1.333
1.433

= 0.07

Thus, it is assumed that 93 per cent of the resources ex-
pended on diabetics is used for controlling nonhyperglyéemic
¢onditions.

' These proportions may be considered to give too.
little weight to controlling hyperglycemia, but a closer

look ‘at the actions taken to accomplish this objective

supports the notion that the estimate may be realistic. The
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actions taken to control hyperglycemia may include admonish-
ments concerning weight reduction, advice on diet, and
prescription of medications. In order to check the effec-
tiveness of these actions, a urinalysis and a glucose. level
determination may be made. It would appear that these
actions are reasonably straightforward and not particularly
time consuming. In addition, it will be recalled that
discussion is limited to the adult onset diabetic and that
juvenile and labile diabetics are excluded from the discus-
sion, In the latter cases, controlling hyperglycemia is a
much more difficult task and might be expected to consume a
larger proportion of resources. In any case, the estimation
procedure used above reflects a limitation of the data base.
(In the final chapter of this report, some suggestions will
‘be made concerning changes in the HIS records so that
improved estimation procedures can be implemented in the
future, )

One final observation can be obtained from Table 5.
It can be seen that the diabetics in the sample had 426 more
visits than nondiabetics. From the standpoint of estimating
the costs of a diabetes program, these excess visits are
assumed to be a measure of costs which are atpributable to
diabetes per se. It will be recalled that the sample data
were produced from the records of persons who were randomly
selected and who were matched on the basis of age, sex, and

village. Part of the reason for matching is to produce a
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" sample in which the elements were subjected to as nearly the
same conditions as possible. Thus, influences exogenous to
diabetes may be removed. For example, a village may have an
epidemic of food poisoning to which both diabetics and non-
diabetics are subjected. If both types of patients reguire
outpatient resources to treat the food poisoning, then it
does not seem reasonable to attribute these expenditures to
diabetes. Such influences are negated by using the differ-
ences in visits as a measure of the costs which can be
attributed to diabetes. Thus, it is assumed
4. Costs attributable to diabetes may be measured by
the excess frequency of visits of diabetics as
compared with matched nondiabetics.
In the following chapter, the matched pair data will be sub-
jected to additional analysis.

Earlier, the notion of "primary diabetic encounters
(visits)" was discussed. 1In the sample, 331 of the 510
diabetic visits would be counted as primary diabetic en-
counters. In terms of the 426 excess visits, the primary
diabetic encounters account for about 80 per cent of the
excess visits. Thus, using primary diabetic encounters
tends to underestimate the costs attributable to diabetes.
For this reason, as well as those indicated egrlier, the
author considers the primary diabetic encounter to be an
unreliable measure of costs which are attributable to

diabetes.
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The California Relative Value System

One additional method of measuring resources was
considered and rejected by the author. This method is
known as the "California Relative Value System" and is
designed to help clinicians in private practice establish a
fee schedule for their services. The system is described in
detail elsewhere (California Medical Association, 1969), but
the idea is that value points are assigned to various
services which a physician might perform. For example, 12
points are assigned to an office call during which a "brief
examination" is made and 50 points are assigned for situa-
tions calling for "extended reevaluation" of a condition.
Fees are charged proportionately to the ratio of value
points. Thus, if a physician charges $10 for a visit during
which "brief examination" takes place, then he should charge
$41.67 for a call which requires "extended reevaluation.”

There are several reasons why this system was not
used by the author. First, this system is designed to set
fee schedules and is not designed to measure resources.
Second, the system is primarily designed to set fees for
surgical procedures and there is a relative paucity of in-
formation regarding outpatient visits. Third, the system is
divided into major sections such as office cails, surgery,
laboratory, etc., and users are specifically admonished not
to compare value points from one major section with those of

another. 1In the Service Unit's outpatient clinic, various
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services ("office calls," minor surgery, laboratory work,
etc.) may be performed within the framework of a single
visit. In the author's opinion, this system could not be
implemented for the Service Unit unless all aspects of the

clinic's operation were incorporated into the analysis.

Summary

In this chapter some characteristics of the diabetic
and nondiabetic populations of the Sells Service Unit have
been examined and these are primarily related to glucose
distributions and resource expenditures. This investigation
indicates that there are several limitations to the data
base which cause the followihg assumptions to be introduced:

l. The glucose distributions for the Pimas indicate the
preéence of a diabetic and of a nondiabetic popula-
tion. In addition, this distribution is assumed +to
be applicable to the Papago Tribe.

2. Resources expended on an outpatient visit are pro-
portional to the number of diagnoses made during the
visit.

3. More resources are expended on diabetics in two
ways: (1) a diabetic outpatient visit is more
expensive in terms of the number of diagnoses per
visit and (2) diabetics have a higher number of

visits.
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4. The difference in the average number of diagnoses
per visit for diabetics as compared with non-
diabetics is due to the actions taken to control
hyperglycemia. It is estimated that 93 per cent of
the resources used in a visit made by a diabetic
patient are used for nonhyperglycemic conditions.
5. Costs attributable to the condition diabetes per se
may be measured by the excess frequency of visits of

diabetics as compared with matched nondiabetics.

At this point all of the necessary preliminary
topics have been examined and attention is directed to the

mathematical model.



CHAPTER 4
EXPECTED ANNUAL COST ATTRIBUTABLE TO DIABETES

It is desired to compute the annual cost of diabetes
in terms of the policy and decision variables. Policy
variables are related to the decision maker's choice of a
treatment and monitoring program and the decision variable
is glucose level. The model will incorporate certain state
variables which the decision maker cannot control. These
variables are sex, age, and duration of diabetes. An
additional variable, misclassification, is also incorporated
in the model. The proportions of persons misclassified are
determined by the glucose level set by the decision maker.
The model is designed so that the decision maker can input
his choice of program and criterion giucose level and
receive as an output the expected annual cost associated
with the values of these variables.

Since a principal objective of this analysis is to
compute the cost of a diabetes program per se, annual cost
is defined to be the excess cost of diabetes as compared
with the situation where no diabetes exists. ’Although the
specific details of excess costs will be developed throughout
the analysis, two examples will help to illustrate the idea
at this point. Medications used to treat diabetes are

85
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clearly an expense which can be attributed directly to a
diabetes program since this expense would not be incurréd if
diabetes were not present. As another example, consider the
resources expended for outpatient visits. Both diabefic and
nondiabetic patients use outpatient resources, but they do
so at a significantly different frequency. Thus, only the
difference in frequency between these two groups will be
used in computing the cost of a diabetes program.

An additional consideration used in computing annual
costs is that the annual cost figures should reflect some
measure of social cost as well as Service Unit cost. 1In
this analysis, social cost will be approximated by the value
of time lost by patients due to outpatient visits, hospital-
ization, and mortality.

In computing the annual cost, it is convenient to
divide .the Service Unit population into four classifications:
(1) new diabetics, (2) old diabetics, (3) nondiabetics, and
(4) diabetic deaths. The expected cost of each of these
classifications is computed by multiplying the average cost
for one individual in each category by the expected number
of persons in each category. The total cost is then found
by summing the cost of the four categories. The first step
in the analysis is to compute the expected number of persons
in each of these classifications.

Many parameters and functions used in the following

analysis change with sex; consequently, the approach taken
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here is to complete the analysis for the male population.
After completing the analysis for the male population, .
appropriate changes in the functions and parameters will be
introduced for the female population and the analysis'will
be repeated for this group.

Balance Equations for the Male
Population

The study by Steinberg et al. (1970, pp. 240-242)

provides a method of estimating the proportion (az) of the
population which is in the upper portion of the bimodal
distribution of glucose levels. Figure 3 which was pre-
sented in Chapter 3 shows the plot of o, vs. age for males.
The least squares equation (fitted by the author) for a, as
a function of age is also given in Figure 3. It is important
to recognize that oy simply tells one the proportion by age
of the male population which is diabetic. It does not tell
one anything about how long persons have been in the upper
(diabetic) group. It will be shown later, that cost asso-
ciated with diabetics increases with duration and hence it
is necéssary to have an estimate of the expected number of
old cases as a function of age and duration.

The general approach is to coansider the persons born
in a fixed year and write a series of balance equations for
successive ages for this group. The information from these

balance equations together with certain assumptions will be
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used later to estimate the number of persons in each
category in the desired cross sectional form.

The time series balance equations are based on the
following assumptions: The function o, which is detefmined
from cross sectional data may be used to describe the pro-
portion of persons born in a fixed year who are diabetic as
a function of their age. It is also convenient to make the

following definitions:

az(i) = the proportion of persons born in the fixed year
who are diabetic at the end of age i;

the number of persons born in the fixed year who
are alive at the end of age i.

N(i)

It follows that the number of persons in this group who are

diabetic at the end of age i is given by

0, (i) * N(i) (4.1)

It is also convenient to make the following definitions:

NEW(i) = the number of persons born in the fixed year
who become diabetic during age i;

the number of persons born in the fixed year
who became diabetic during age i who died
during age j where j > i.

D(i,j)

These definitions will now be used to develop a sequence of
balance equations for each age.

From Figure 3 it is observed that there are no
diabetics until the age of 12 years is attained. In general,
let £ be the first age such that az(z) > 0. Then at the end

of the £th age
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i= 4: NEW(L) = GZ(I/)'N(.@) (4.2)

At the end of the £ + 1 age, the number of persons who are
diabetic is given by a2(2+1)'N(£+1). This quantity is equal .
to the number of new diabetics who entered the diabetic
group during the £+1st age plus the new diabetics at the end
of the £Lth age less the number of psrsons who were new cases
at the end of the £th age and died during the £+1 age. In

equation form this is expressed as

i = £+1: NEW(Z) - D(4,4+1) + NEW(L+1) = a,(4+1)°N(L+1)
(4.3)

For the 4+2 age, the balance equation is given by
i = 2+2: NEW(2) - D(4,£41) - D(£L,%+2) + NEW(2+1)

- D(4+41,4+2) + NEW(4L+2) = a2(2+2)°N(z+2) (4.4)

In general, the balance equation for the ith age is given by

i-1 . i
r [NEW(kx) - £ D(k,m)] + NEW(i) = a,(i)N(i) (4.5)
k=4 m=k+1

The expression inside the brackets in Equation (4.5) repre-
sents the persons who entered the diabetic group prior to
age i and who are alive at the end of age i. It is con-

i

venient to introduce the notation

i
01d(k,i) = NEW(k) - £ D(k,m) for k < i (4.6)
m=k+1
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to describe the number of diabetics who entered the diabetic
group duryng age k and are alive at the end of the ith age.
To complete the notation describing old cases, it is con-

venient to define
01d(i,i) = NEW(i).

This latter equation simply reflects the equivalence of
persons who become diabetic during the ith age and survived
to the end of the ith age with the definition of NEW(i).

Notice that the sequence of Equations (4.2) to (4.5)
can be solved for NEW(i) by subtracting balance equations
for adjacent ages. For age £4+1, Equation (4.2) is sub-

tracted from Equation (4.3) giving

-D(£,2+1) + NEW(4+1) = @, (£+1) N(L+1) - o, (L) N(L).

Solving for NEW(4+l), we have

NEW(£+1) = a2(2+1)-N(z+1) - az(z)-N(z) + D(g,L4+1) (4.7)

Using the same procedure for age 4+2, we have

NEW(£L+2) = a2(£+2)'N(z+2) - a2(2+1)°N(£+1) + D(4,4+2)

+ D(4+41,4+2) (4.8)
In general for the ith age, we write

-1
T D(k,i) (4.9)
k=4

i
NEW(i) = az(i)'N(i) - az(i-l)'N(i—l) +
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Notice that the right hand side of Equation (4.9) is
expressed in terms of information which is known at the end

of the ith age.

Numerical Evaluation of the Balance Eguations
for the Male Population

The balance equations developed in the previous
section may be used to compute the expected number of new
cases, old cases, and diabetic deaths in a cross section of
the present Service Unit population. In order to derive a
cross sectional estimate for the number of persons in each
category, it is assumed that the Service Unit population is
static with respect to time; that is, it is assumed that the
population reproduces itself in such a way that a constant
cross section is maintained over time. Thus, if N(a)
represents the number of persons of age a, then the value
of N(a) remains constant over time. It is further assumed
that values of N(a) are given by the present Service Unit
population. Figure 7 shows the present Service Unit popula-
tion by age for males. This figure also includes the least
squares estimate (fitted by the author) of population size
versus age.

In order to achieve a numerical evaluation of the
sequence of balance equations, it is necessar& to have
numerical values for N(i), az(i), and the probability of
death. Values for N(i) are computed from the function given

in Figure 7 which is
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N(i) = 135.68294 -~ 2.64729 + i + 0.0002039613
for 0 < i < 80. (4.10)

The value of az(i) is computed from the function given in

Figure 1, which is

az(i) = 0.004345953 - 0.005532689 - i

+ 0.0005676097 - i2 - 0.000006257264i3

for 12 <i £ 79 (4.11)

These functions taken with (1) the assumption that the
function az(i) describes the proportion of the male group
which is diabetic at age i and (2) the assumption that the
population is static are sufficient to find the required
values of az(i) and N(i) for the balance equations.

In order to find the number of 0ld cases and diabetic
deaths, it is useful to consider what will happen to the
diabetic cases which were new at the end of the Zth age.
Equation (4.2) gives a numerical value for NEW(4). The
expected number of persons from this group who will die

during the Z+1st age is given by
D(4,2+1) = NEW(£)*P(4,64+1) (4.12)

where P(Z,4+1) is the probability of death during the £4+1
age given survival to the end of age 4 and given onset was
during age 4. It should be noted that at this point

Equation (4.7) can be evaluated for NEW(Z+1l), provided the
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probability of death used in (4.12) is known. (Estimation
of the probability of death will be established shortly.f

Since D(4,4+1) is the expected number of deaths
during the £#+lst age from the group NEW(Z), the expected
number of diabetic persons surviving at the end of age

L+1 is
01d(4,4+1) = NEW(4) - D(4,2+1). (4.13)

For the NEW(4) group, the expected number of deaths at the

end of age 4+2 is

D(4,4+2) = 01d(4,4+1)+P(4,4+2) (4.14)

and the expected number of persons surviving at the end of

age 4+2 is given by
01d(4,4+2) = 01a(4,4+41) - D(2,8+2). (4.15)

Thus, based on the assumptions and initial functions stated
above and once NEW(4) is known, the expected number of
deaths (and old cases) from this group can be calculated for
each subsequent age.

It was previously noted that the calculation of the
expected number of deaths from the group NEW(4) is sufficient
to solve Equation (4.7) for NEW(4+l). Once NEW(4+l) is
known, the same procedure can be used to find D(24+1,4+2), .
D(£4+1,4+43), ..., and 01d(4+1,4+2), 01d(4+1,4+3), ... . The

expected deaths from the two groups NEW(Z) and NEW(Z+l) are
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used to calculate NEW(£+3). This iterative procedure con-
tinues until the last positive value of NEW(i) is found.

Before discussing the numerical evaluation of
probability of death, it is best to describe what one would
like to have for a model of this type. Ideally, one would
like to have the probability that a diabetic will die during
each age subsequent to onset where the cause of death is
either diébetes or other causes or both. Thus, one would
hope for a series of conditional probability statements like
P(death during age i+l given onset at age j and given
survival at age i) where i > j. Unfortunately, this
informatioh is not évailable and it is necessary to estimate
these probabilities from data available on life expectancies.
In addition, the paucity of data forces oneito introduce
some additional assumptions.

These are:

1. The probébility of death due to diabetes is a
function of age at onset of diabetes.
2. The probability of death due to other causes is a
function of attained age.
3. These two causes of death are independent.
These assumptions substitute in part for unavailable data
and their introduction is of course a point of discussion.
Justification of the first assumption rests with the notion
that early onset of diabetes allows clinical treatment of

the condition to begin early in the patient's lifetime. At



96
this age, it may be easier to institute a weight control
program than it might be in a patient's later years. Iﬁ
addition, it can be argued that early onset allows the
clinician more time to check glucose levels and adjust drug
therapy. Justification of the second assumption is based on
the general observation that the probability of death for
all persons changes as a natural consequence of aging. The
independence assumption is a more complex issue and it is.
useful to examine it from the point of view that some
dependence between the two causes exists. Two arguments
seem plausible. One can argue that given early onset of
diabetes, the joint probability of death. for the two causes
is reduced because diabetics see a clinician more frequently
(due to their hyperglycemia) and consequently receive closer
attention for all ailments. The other argument is that
early onset tends to increase the joint probability since
diabetics are biologically weakened and consequently have a
higher propensity towards other ailments. Unfortunately,
little data are available to support either argument and the
independence assumption essentially represents a middle
course. . Although these assumptions have been introduced
because of data limitations, it should be noted that the
logic of the balance equations is not disturbed by the
estimation procedure for the probability of death. Thus, if
the desired empirical probabilities were available, they

could be substituted into the balance equations.
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The general approach is first to determine the
probability of death due to diabetes as a function of aée at
onset and the probability of death due to other causes as a
function of attained age and then combine these probabilities
in order to obtain the probability of death due to either

cause. Formally, let

P(death during age i+l given onset at age j and given
durvival at age i) '

= Pd(j) + Pn(i+l) - PA(j)-Pn(i+l) (4.16)

where: Pn(i+l) = the probability of death at age i+l due to
nondiabetic causes given survival to age i

and where:

Pd(j) = the probability of death due to diabetes
given onset occurred during age j.

Since the probability of death refers to the probability of
death during the i+lst age given that age i has been
attained, the notation P(j,i) will be used to replace the
more cumbersome left hand side of (4.16).

Since the probabilities on the right hand side of
(4.16) are not known, expressions for them must be derived
in terms of known quantities. In this case, these are
expected life functions; and estimation of these functions
will be discussed now. Let

ELN(i) = the expected life remaining given survival
at the end of age i
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and let

ELD(j) = the expected life remaining for diabetics
given their onset occurred during age j.

Since expected life data are not available for the popula-
tion under consideration, it is necessary to use information
which might be expected to closely approximate the data for
the Service Unit population. Estimation of ELN(i) is based
on data for the general United States non-Caucasian popula-
tion. The data given in the Statistical Abstract of the
United States (1970) for expected life given attained age
were used by the author to compute the following least-
squares line:

ELN(i) = 60.88278 - 0.7745 =+ i
(4.17)

for 0 <ix<70.
The same procedure was used to find the expected life of a
diabetic as a function of age at onset. In this case, the
only data source known to the author is the records of the
Joslin Clinic as reported by McDonald (1968). The estimated
function is

ELD(j) = 36.625 - 0.3725 - j
(4.18)

for 12 < j < 80.
The functions ELD(j) and ELN(i) will be used along with
appropriate probability theory to obtain the probabilities
Pd(j) and Pn(i+l) respectively.

Estimation of Pd(j) is the simpler case and wiil be

discussed first. It will be recalled that the probability
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of death due to diabetes has been assumed to be determined
by age at onset. Accordingly, this probability remains
constant throughout the life of a diabetic. Under these
circumstances, the geometric probability distribution is an
appropriate model. The geometric distribution may be
described by defining a random variable X which can be equal
to k, where k =0, 1, 2, ... . Probabilities are assigned
to each value of the random variable according to the rela-
tionship P(X=k) = qkp where p and g are ﬁositive constants
such that ptg = 1. In the present context, q represents the
probability of "no death during a year" and p represents the
probability of "death during a year." Thus, the probability
that an individual attains age kX and does not attain age k+l1
is qkp. The expected value of X is given by E(X) = q/p (see
Feller, 1957, pp. 252-253).

For the problem at hand, the expected value is known
from (4.18) and the task is to solve for the probability of
death. In terms of previous notation, one sets p = Pd(j)

and q = 1-Pd(j). Then

ELD(j) = L—;Flgi;-(yﬂ.

Solving this equation for Pd(j), one obtains

. 1 '
Pa(j) + T + ELD(3) ° (4.19)

It will be recalled that the probability of death due to

diabetes is assumed to be a function of age at onset. Thué,
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there is a different geometric distribution for each age at
onset. Equation (4.19) describes the method of finding each
constant Pd(j) for each geometric distribution corresponding
to each age at onset j.

In order to evaluate the probability of death due to
either cause (4.16), is is also necessary to estimate the
probability Pn(i+l). Later in this chapter the expected
life function for nondiabetics (4.17) will be used in the
computation of mortality costs. Thus, it is desirable to
compute the probability Pn(i+l) in a way which is consistent
with the expected life function ELN(i).

It is helpful to note that the probability Pn(i+l)
is actually a conditional probability; that is, it is the
probability of death in the next year given survival at age
i. One begins the analysis by.defining a random variable X
such that X = j is the event "an individual dies during the
jth age," i.e., the individual attains the age j but does
not attain age j+l. Let the probability of this event be
represented by P(X=j). For convenience, let P(X=3j) = Pa(j).
Now the conditional probability that an individual dies |
during the age j+k given that his attained age is greater

than or equal to j may be calculated using laws of proba-

bility as

P(X=3+k |X>j) = P?g“’k) (4.20.1)
1 - % Paf(i)
i=0
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where k = 0, 1, 2, ... . The numerator in (4.20.1) repre-
sents the probability of death during age j+k and the
denominator represents the probability that death did not
occur during age 0, or age 1, ..., or age j-1l. ©Note that
(4.20.1) evaluated at k=1 is the same as Pn(j+l), the
desired probability for (4.16). In order to find the latter
value, one must be prepared to evaluate (4.20.1) for all
values of k.

It will be recalled that the expected life function
ELN(j) as defined in (4.17) is the expected remaining life
given that age j has been obtained. In terms of conditional

probabilities this may be written

(-]
T k-Palj+k)
. k=0
ELN(j) = 51 (4.21)
1 - % Pal(i)

i=0

The approach is to solve the sequence of equations (4.21)
where the sequence is defined by j=0, 1, 2, ... for the
probabilities Pa(j).

Now it is assumed that life is finite and N is the
last year of life. This assumption implies Pa(X>N) = 0.

Thus, ELN(N) may be written from (4.21) as

0-Pa(N+0)
ELN(N) = o
1- ¥ Pal(i)
i=0

or ELN(N) = O. For j = N-1, (4.21) is written
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0.Pa(N-14+0) + 1.Pa(N-1+41)

ELN(N-1) =

N-2
1 - % Pa(i)

i=0

or more simply as
Pa(N)
BLN(N-1) = $27R-1) % Pa(®) °

The latter equation may be solved for the ratio Pgé?ﬁl) .
Thus one obtains

Pa(N) = = ELN(N-1)
Similarly, for j = N-2, (4.21) is written

0-Pa(N-240) + 1-Pa(N-2+1) + 2Pa(N-2+2)

ELN(N-2) = Pa(N-2] * Pa(N-1) + Pa(N) :
éolving the latter expression for the ratio 2%&%%%1 , one
obtains

Pa(N-2) _ Pa(N-1) =~ (1-ELN(N-2)) + (2-ELN(N-2)) . (4.21.2)
Pa (N) Pa(N) ELN(N-2) ELN(N-2) - TeT

It should be noted that all quantities on the righthand side
of (4.21.2) are known. The expected life values are found
from (4.17) and the ratio Pa(N-1)/Pa(N) from (4.21.1).

Using a similar procedure for j = N-3, one obtains

Pa(N-3) _ Pa(N-1) , (2-ELN(N-3)) , Pa(N-2) (1-ELN(N-3))
Pa(N) ~ ~Pa(N) ELN(N-3) Pa(N) = ~ ELN(N-3)

(3-ELN(N-3))

ELN(N-3) . (4.21.3)

+

For j = N-4, the ratio is
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Pa (N-4) Pa(N-1) (3-ELN(N-4)) Pa(N-2) (2-ELN(N-4))

Pa(N) =~ (Pa(N) = — ELN(N-4) ' "Pa(N) °~ = ELN(N-4)
Pa(N-3) . (1-ELN(N-4)) _ 4-ELN(N-4)
* TPa(N) ELN(N-4) ' "ELN(N-4) ° (4.21.4)

In general for j = N-k, one obtains

Pal(l) = BLN(N-K) T.Z |7Pa(m) ELN (N—k)

Pa(N-k) _ k—ELN(N-k) k_l[Pa(N—j) ) (k-j+ELN(N—k))]
j=1

(4.21.5)
Now since the righthand sides of the equations (4.21.1),

(4.21.2), (4.21.3), (4.21.4), and (4.21.5) are known, these

equations may be summed

N-1
y Pall-k) _ . (4.21.6)

xel Pa(N) =

where C represents the sum of the righthand sides. Since

N-1
£ Pa(N-k) = 1-Pa(N),
k=1

(4.21.6) may be solved for Pa(N),

L .
Pa(N) = 1T+ C ° (4.21.7)

At this point, each of the equations (4.21.1) ..., (4.21.5)
may be solved for the remaining Pa(j).

Now it will be recalled that equation (4.16) requires
a numerical value for Pn(i+l), the probability that an.

individual dies due to nondiabetic causes given that he has
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attained age i. These values may be obtained from (4,20.1)

by setting k = 1 which gives

Pa(i+l)
i-1
1- £ Pal(j)

j=0

(4.20.2)

Pn(i+l) = P(X=i+l|X>i) =

The quantities which are necessary to compute the proba-
bility of. death due to either cause in (4.16) are now known
and attention is directed to the balance equations.

At this point all of the information required to
solve the balance equations (4.2), (4.7), (4.8), and (4.9)
is knoﬁn. The solution proceeds in an iterative manner as
previously described. The number of new cases for each age
is shown in Figure 8. The term incidence is sometimes used
to mean new'cases per 1000 population. In terms of the
notation used here, age specific incidence is given by
NEW(i).1000/N(i). The age specific incidence is shown in
Figure 9. The fluctuations in the curves in Figures 8 and
9 which begin at age 55 are due to the estimated function
for the male population (4.10). (Discussion of this will
be developed later in this chapter after the corresponding
curves for the female population have been presented.)

In order to illustrate the impact of mortality on
new cases, attention is directed to new cases at age 40.
The sequence 014(40,41), Old(40,425, ..., 01a(40,79)

describes the expected number of persons surviving from
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NEW(40) for each succeeding year. Similarly, the sequence
D(40,41), D(40,42), ..., D(40,79) describes the expected
number of deaths in each succeeding year. These sgquencés

are shown graphically in Figures 10 and 11, respectively.

Cross Sectional Estimate of the Service
Unit Diabetic Population

In this section an estimate of the expected number
of 0ld cases in the present Service Unit population is made
by present age and age at onset. A similar estimate is made
for the expected number of deaths. These estimates are
predicted on the assumption that the population is.static
and the function az(i) (Equation 4.15) remains the. same for
persons born in each fixed year.

If one looks at the Service Unit diabetic population
at the end of a year, one sees that there are new cases of
various ages, that there are 0ld cases of various ages and
ages at onset, and that there are deaths of persons at
various ages and ages at onset. The old cases may be
regarded as survivors of cases which had their age at onset
at 12, 13, ..., 79 years.

Figure 10 shows the number of surviving cases as a
function of age for new cases with an age at onset of 40
years. The total number of surviving cases of a given age
is found by summing over sequences. (like the one shown in
Figure 10) with age fixed. Thus, the total number of sur-

viving cases at age i is given by
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01d(-,i) = ¥ o01d(j,i) (4.22)

where the dot represents summation over age at onset. In a
similar fashion, the expected number of deaths for each age
i is given by

D(-,i) = £ D(j,i). (4.23)

These sums are shown graphically in Figures 12 and 13.

For the static assumptions, the number of new cases
in the population for each age is the same as the sequence
NEW(i) previously developed from the balance equations. In
order to check the numerical accuracy of the model, a
computation of new cases in the population can be made in a
different way and compared with the sequence NEW(i). Since
az(i)oN(i) represents the total number of diabetics in the
population at the end of age i, the quantity az(i)-N(i) -
01d(. ,i) must represent the number of new cases which have
entered in the year under consideration. Thus, the computa-

tional error is given by
ERROR(i) = az(i)-N(i) - 01d(-,i) ~ NEW(i). (4.24)

A plot of (4.24) as a function of age is shown in Figure 14
(this figure shows the error in less than 0.00008).

The desired cross sectional estimates of expected
new cases, expected old cases, and expected deaths are shown

in Figure 15. These values are given in terms of cases per
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surviving diabetics or 484.2 cases.



112

8.0—
6.0} ] .
o Y
o
4 --.n
c 4.0_ ..
u) -
> .
B
0]
m' .
» N
‘U .
w 2.0 .
=] .
o
)] -
o] .
0
o
q-‘ .:
o
y  l.0- .
[}]
% 0.4- .
a .
T} 0.4
[e]
\ ~
~ 0.4 .
-
"
8 (1]
™
jea
0.2
| | ] 1
0 20 40 69 80

Figure 14. Error vs. Age —- Error (i) = ap(i) -+ N(i)
- [New(i) + 01d(-,i)].



113

500.0F
5 .~ 01d Cases R
p o '
‘U L .
= 100.0}- .
'ﬁ‘ . »
0 Ll
7 . .
S .
o 50.0 *
— .
H .
[oR Deaths
0 .
¢ R — .
® o .
[ &) "_' o
r- I S Wew .
@ geettTTeee :.':..‘ / Cases

o 10.0- ]
E . :

5.0

1.5 - ' : '

0 20 40 60 .80
Age
Figure 15. Male Diabetic Population Profile —- Expected

number of new and old cases and diabetic
deaths per 1000 population vs. age.



114
1000 population. This figure represents what might be
called a "profile" of the diabetic population.

Before going on to computation of program cost, it
is worthwhile to notice that one more useful item can be
computed from the information developed in this section.

The term yield is sometimes used to describe the number of
new cases detected per 1000 persons screened. If a per-
petual screening program is maintained over time, the number
of persons screened is N(i) - 0O1d(.,i): that is, one screens
those persons in the population not previously found to be
diabetic. Thus the yield of such quscreening program is

L4

given by

. N NEW (i)
Yield(i) = gy = o1d (= 1) 1000. (4.25)

The age specific yield is shown in Figure 1l6.

Care must be exercised in the interpretation of the
yield values for two reasons. First, the computation of
yield according to Equation (4.25) assumes that screening
is done on a perpetual basis. Second, the computation of
yield is based on the assumption that all diabetics can be
detected by screening. In the next section, it will be
shown that screening based on glucose levels will mis-
classify certain portions of the population. In addition,
the portions misclassified will depend upon the glucose
level selected by the decision maker to define diabetes.

Thus, the yield figures presented here should be interpreted
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as the maximum yield which would be obtained with perpetual

screening using a perfect screening technique.

Impact of Criterion Glucose Level
on Misclassification

At this point, it is important to recognize that the
estimates of o0ld cases, new cases, and diabetic deaths are
based on the statistically measured proportion az(i). This
measure is determined from the distribution of glucose levels
in thevpopulation.' An additional complexity arises when a
clinician attempts to decide whether a patient is or is not
a diabetic. The difficulty arises becaluse the patient's
‘glucose level is used to determine the classification.

The usual classification procedure is to set some
criterion glucose level and classify an individual as
diabetic if his level is above the criterion value. If the
individual's glucose level is below the criterion value, he
is classified as normal. Figure 17 shows that this pro-
cedure will produce errors in classification. In the
absence of a diagnostic technique which is independent of
glucose level, classification errors will always exist
regardlesé of the criterion glucose level selected. It is
the purpose of this analysis to estimate the cost conse-
quences of any criterion glucose level that the decision
maker might select.

In order to formalize the situation, the following

description of the distribution of glucose levels is given
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(Steinberg et al., 1970). For the diabetic (upper modal)
group, the distribution is loglo normal with My = 2.588 and

0, = 0.141. For the normal (lower modal) group, the

2
distribution is also loglo normal with 0 = 0.107. The mean
of the normal group varies with age. For the male popula-

tion, the mean is given by
My o= 1.9473 + 0.0023 . i (4.26)

where i represents age.

In order to discuss misclassification, let
X, = 1oglo(criterion glucose level).

Also, let

Pl(XC,i) = probability of correctly classi-
fying a normal having age i.

Then it follows that 1 - Pl(Xc,i) is the probability of mis-
classifying a normal with age i as a diabetic. Similarly,

let

PZ(X ) = probability of misclassifying a
c ; .
diabetic as normal.

Then it follows that 1 - PZ(XC) is the probability of
correctly classifying a diabetic. The relationship of these
probabilities to the criterion glucose level is as shown in

Figure 17. -

Costs of Inpatient and Outpatient Services

It was shown in the previous section that the

selection of a criterion glucose level divides the population
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into four groups: correctly classified normals and
diabetics and incorrectly classified normals and diabetics.
It is convenient to formulate annual cost in terms of these
four classifications; consequently, it is desired to compute
the cost of one individual in each classification. Persons
within each classification will incur certain component
costs which need to be discussed first. These components
which will be defined and discussed in the following section
are hyperglycemic costs, non-hyperglycemic costs, screening
costs, and mortality costs. The inclusion or exclusion of
these components in the four classifications depends on the
particular classification and on the treatment policy
selected.

Consumption of Service Unit resources is measured in
terms of the average cost of outpatient visits and the
average cost of hospital days. This basis was selected
because the most reliable accounting information for the
Service Unit is stated in terms of these quantitites. 1In
addition, outpatient visits and hospital days were selected
because the frequency of these guantities can be obtained
from the automated records of the Health Information System. .

It is also desired to incorporate in the cost
equation costs incurred by the individual patient. This is
accomplished by evaluating the time lost to a patient for a
hospital day or outpatient visit. Time lost is converted

into monetary terms by using a median annual per capita
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income for individuals in the Service Unit. Time lost is
estimated as one day for each hospital day and one half day
for each outpatient visit. Based on the income figure of
$3,694 as suggested by Reinhard, Felsman, and Moody (1970,
p. 404), the cost to an individual of one outpatient visit
is

POPV = $7.10.
The cost to an individual of one hospital day is

PHD = $14.20.

Based on unpublished Service Unit figures, the average cost

to the Service Unit for one outpatient visit is
SOPV = $5.21.

The cost of one hospital day is
SHD = $54.75.

Next, attention is directed toward the definition and
estimation of the component costs: hyperglycemic, non-

hyperglycemic, screening, and mortality.

Hyperglvcemic Costs

The actions taken by the clinician to control hyper-
glycemia have been discussed in Chapter 2. Briefly, these
actions are to apply medications to lower gluéose level, to
provide the patient with instruction regarding diet, to
monitor periodically glucose level, and to monitor period-

ically urine specimens for sugar. The expenditures used
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to conduct these activities are defined to be hyperglycemic
costs.

It can be seen that these activities involve several
different types of personnel and equipment associated with
the outpatient clinic. Since cost data are not available to
evaluate expenditures on each of these activities in terms
of personnel and facilities, it is assumed that the
activities used to contrbl hyperglycemia are equal to the
cost of one outpatient visit each time they are performed.

In symbolic terms, let HYPER (n) = annual hyper-
glyéemic cost per patient; n = number of times per year that
glucose level and ufine specimens are mohitored; and let M =
the annual cost per patient of the medications used to

control hyperglycemia. Then

HYPER (n) = n + (SOPV + POPV) + M. (4.27)

It should be noted that n is a policy variable which is
determined by the decision maker. The costs included in
hyperglycemic costs are all costs which are incurred because
the. condition of diabetes exists.

An attempt to evaluate the annual medication cost
(M) from a sample of prescription records was unsuccessful
61e to omissions in the records (a descripcion of the sample
is given in the following section). However, some con-
clusions could be made from the sample about medications

used to treat diabetics in the Service Unit. Oral
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hypoglycemics, rather than insulin, were used for the
majority of patients in the sample. Only one patient was
~recorded as having insulin prescribed and this patiént was
concurrently taking oral hypoglycemics. Although it is
difficult to be precise, it appeared as if tolbutamide
(orinase) was used most frequently. The magnitude of the
dosage could not be estimated from the records but the
dosage appeared to be in the maximal range.

In view of these difficulties, an estimate of
medication cost was made based on a maximal daily dosage
(2.5 gram) of the tolbutamide (see Ferguson, 1965, p. 930).
Present wholesale prices indicate that the cost of this drug
?s $82.86 per bottle of 1000 0.5 gram tablets. In terms of
énnual cost per patient, this information implies that M =

$151.22 per patient per year.

Nonhyperglycemic Costs

It is generally recognized that diabetics have
health problems which require more resources than non-
diabetics. One example of this is the resource required to
treat hyperglycemia per se. This was discussed in the
previous section. Diabetics also require additional re-
sources for other reasons. Many examples of additional
health problems of diabetics are frequently cited in the
literature (see Waife, 1967). For example, diabetics

require special care in surgery and pregnancy. The chronic
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complications of diabetes (large-vessel disease, small-
‘vessel disease, and susceptibility to infection) were dis—
cusscd in Chapter 2 and provide more examples of additional
resource requirements for diabetics. It is convenien£ to
define nonhyperglycemic costs as the expenditures required
to treat all of these additional conditions. The term non-
hyperglycemic is used to indicate that actions taken to
treat hyperglycemia per se are accounted for separately.

Before discussing the evaluation of nonhyperglycemic
costs, it is worthwhile to note that attempts to evaluate
costs on the basis of subclasses of nonhyperglycemic condi-
tions were not successful. The principal difficulty is that
several conditions may be diagnosed and treated in a single
outpatient visit or hospital day. It is not clear from the
records how much time and effort are devoted to each condi-
tion; consequently, costs by condition cannot be calculated
readily.

The approach taken to evaluate nonhyperglycemic
cqsts is to measure the difference in the frequency of out-
patient visits and difference in hospital days for diabetic
patients.and nondiabetic patients. The differences in
frequencies are then multiplied by the average cost of an
outpatient visit or hospital day. It should be noted that
using difference in frequency allows one to measure excess
resources used to treat additional or more severe conditions

incurred by diabetics as compared with nondiabetics. This
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technique is in keeping with the objective of evaluating the
‘cost of a diabetes program. ‘

The rationale of differential frequency is further
illustrated by the following example. Both diabetic énd
nondiabetic females consume resources due to pregnancy. By
using the concept of differential frequency one measures the
additional resources required to care for diabetic preg-
nancies.

In order to measure the differential frequency, a
random sample of 63 persons was selected from all persons
having a diagnosis of diabetes. These individuals were
matched by sex, age (+ 4 years), and village with persons
having no diagnosis of diabetes and whose prescription
records indicated the absence of any diabetes medication.
The inpatient and outpatient records for fiscal year 1970
were examined to determine the number of outpatient visits,
the number of hospital days, and present age for each
individual in the sample. This information was determined
from the Health Information System. For the diabetics, the
individual medical records were examined to determine the
age at earliest diagnosis of diabetes and the measured
glucose levels from age at earliest diagnosis to the present
age. This information was determined from historical
records not included on the automated Health Informatipn
System. Duration of diabetes was calculated by finding the

difference between present age and age at first diagnosis.



125

Table 6 gives the sample statistics calculated from
the data. Tests were performed to determine whether the
mean difference in frequency (diabetic less normal) is
negative or zero vs. the alternative that the difference is
positive. The tests were performed for both sexes and both
differential frequencies. The levels of significance that
would cause one to accept the hypothesis of positive differ-

ence are:
Hospital Days Outpatient Visits
Males 0.10 < 0.005
Females 0.025 < 0.005

Thus it may be concluded that diabetics have a significantly
higher number of hospital days and outpatient visits than
their corresponding matched nondiabetics.

Next, tests were performed to determine whether
males and females differed with respect to difference in
hospital days and whether they differed with respect to
difference in outpatient visits. The levels of significance
which would cause one to accept the alternative hypothesis
that the sexes differ with respect to these quantities are:

Hospital days: 0.8986

Outpatient Visits 0.2758
Thus, it is concluded that there is no significant difference
between the sexes with respect to differences in either

hospital days or outpatient visits. Thus, the data for both



Table 6. Summary of Sample Statistics

Difference in

Difference in Frequency of ‘
Frequency of Outpatient Present
Sex Hospital Days Visits Age Duration
Mean Males 2.48 5.72 52.80 3.92
Standard
Deviation 8.28 "6.25 15.13 3.15
Sample Size 25 25 25 25
Mean Females 2.21 7.45 52.29 6.66
Standard
Deviation 6.48 5.99 13.11 4,22
Sample Size 38 38 38 38
Mean Both 2.32 6.76 52.49 5.57
Standard
Deviation ‘ 7.19 6.11 13.83 4.04
Sample Size 63 63 63 63

9t
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sexes may be pooled with the resulting statistics as shown
in Table 6.

Finally, an analysis was performed to determine
whether the variables age and duration could account for any
of the variability in difference in hospital days or in
difference in outpatient visits. The approach taken was to
use the stepwise regression procedure using difference in
hospital days as the dependent variable and using age and
duration as the independent variable. In order to account
for nonlinearities, a general quadratic equation (in terms
of age and duration) was used as a starting point. A level
of significance of 6.05 was used for inclusion and exclusion
of terms in the equation. The results of the stepwise
regression procedure revealed that none of the terms in the
regression model accounted for any significant portion of
the variability in the difference in hospital days. Thus,
it is concluded the difference in the number of hospital

days per diabetic per year is given by
AHD = 2,32 (4.28)

for both sexes. Further, the result is independent of age
and duration.

The same procedure was used to determine the rela-
tionship between difference in frequency of outpatient
visits and the independent variablés age and duration. The

stepwise regression procedure was used with the same level
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of significance and starting with the same general quadratic

model. The result of the stepwise procedure is

AfOPV(d) = 5.4001 + 0.0289 - &2 (4.29)

where AfOPV(d) = difference in frequency of outpatient
visits per diabetic per year and d = duration of diabetes
in years. The range of d in Equation (4.29) is 0 to 18
years. The result in (4.29) holds for both sexes. In the
previous chapter it was estimated that 93 per cent of the
excess outpatient visits are attributable to nonhyperglycemic
causes. Thus, (4.29) should be multiplied by 0.93 to obtain
the desired quantity.

At this point an expression for nonhyperglycemic

costs may be written

NHYPER(d) = 0.93(SOPV+POPV) . AfOPV(4) +

(SHD+PHD) - AHD (4.30)

where NHYPER(d) = the nonhyperglycemic costs per diabetic
per yvear. The quantities in parentheses in (4.30) represent
the costs to the patient and the Service Unit of one visit
or hospital day.

It should be noted that the observations of out-
patient visits and hospital days were made under the condi-
tion that the efforts taken to control hyperglycemia were
producing some degree of control over glucose levels. The
‘issue of degree of control was discussed in Chapter 2. From

that discussion, it is clear that there is no uniformly
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accepted definition of control. For the purposé of this
analysis, the following definition is adopted: Degree of
control is the proportion of glucose levels taken since the
diagnosis of diabetes which is less than or equal to the
criterion diagnostic glucose level XC. The symbol g(XC) is
used to represent this proportion. Degree of control as
determined from the sample is shown in Table 7 for various

values of Xc-

Table 7. Observed Proportion of Glucose Levels Which are
Less Than or Equal to XC

Glucose Level Proportion Less Than Xc

Anti-Log X (mg/100 ml) g(Xc)
105 0.000
200 0.105
210 0.114
220 0.136
230 0.168
240 _ 0.206
250 0.213
260 0.225
270 0.234
280 0.265
290 0.280
300 0.290
320 0.33°
340 0.378
360 0.401
380 i 0.449
400 0.490
500 0.604
750 "0.824
1050 0.927

1550 0.991
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The relationship between classification errors,
hyperglycemic costs, nonhyperglycemic costs, measured
degree of control, and the decision maker's opinion about
the efficacy of treatment is a complex one. These elements

will be drawn together in a following section.

Screening Costs

Certain treatment programs implicitly require an
active screening program to determine the glucose level of
patients not previously determined to be diabetic.
Screening requires the same activities used in monitoring
diabetics; thet is, it requires determination of glucose
level and a urinalysis. By using the same reasoning given
in the section on hyperglycemic costs, the annual cost of
screening one individual is taken to be the cost of one

outpatient visit. Thus, screening cost is given by
SCREEN = (SOPV + POPV) (4.31)

Screening cost reflects the total cost to the Service Unit
and to the individual. Again, it is noted that screening
is a cost which may be directly attributed to a diabetes

program.

Mortality Costs

It is known that diabetics have a shorter life
expectancy than their nondiabetic counterparts. McDonald

(1968, p. 56) notes that in general diabetics have
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approximately 2/3 the life expectancy of nondiabetics. The
procedure used to calculate the cost of mortality in this
analysis is based on decreased life expectancy of diabetics.

In a previous part of this analysis, the expected
number of deaths by age was computed (see Equation [4.23]
and Figure 12). The remaining years of life for a non-
diabetic was given by Equation (4.17). If a diabetic dies
at age i,Ahe loses ELN(i’ years of life as compared with his
nondiabetic counterpart. If there are D(., i) diabetic
deaths per year for diabetics of age i, then the number of
man years lost due to diabetes for persons of age i is
D(-,i) « ELN(i).

In order to convert man years lost into monetary
terms, it is necessary to discount costs to the present.
Mortality cost is assumed to be the median per capita income
figure previously given as $3694. It is assumed that this
amount of money is lost for each year of life lost. The
discount factor is thus a uniform series discount factor.

Thus, if

PV(r, ELN(i) = uniform series present value factor at
r per cent interest and ELN(i) years,

then the discounted mortality cost of diabetics who die at
age i is

3694 + PV(r,ELN(i)) - D(-,i).
By summing this quantity over all appropriate ages, the

discounted mortality cost is given by
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79
MORT = I 3694 - PV(r,ELN(i)) <+ D(-,6i) (4.32)
i=12

where MORT is the discounted annual cost of mortality. For
an interest rate of r = 5 per cent, the discounted annual

mortality cost as computed by (4.32) is $1149872.

Annual Cost per Individual

At this point expressions can be written for the
cost of one individual in each of the four classifications:
misclassified normal, misclassified diabetic, correctly
classified diabetic, and correctly classified normal. The
symbols A, B, C, and D respectively will be used to repre-
sent these costs. The felationship between these costs and
the various tails of the glucose distributions is shown in
Figure 18.

The magnitude of these costs will depend on the
choice of treatment policy and on the decision maker's
opinion about the efficacy of the actions taken to control
hyperglycemia on nonhyperglycemic conditions. In Chapter 2,
the following alternative treatment policies were developed:

1. Apply medications and monitor all patients having
glucose levels above the criterion value (Xc).
2. Apply medication and monitor symptomatic patients.
- Monitor, but do not apply medications, to all
persons having a glucose level greater than the

criterion value (XC).
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Cost of one Correctly
Classified Normal

Cost of one
Correctly Classified
Diabetic

] Cost of one Incorrectly
Cost of one Incorrectly Classified Normal
Classified Diabetic

Figure 18. Schematic Representation of the Bimodal
Distribution and the Associated Cost
Functions
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It can be seen that these two policies differ on the matter
of application of medications. Policy 1 calls for applica-
tion of medication to all patiehts having a glucose level
above the criterion value. Policy 2 calls for medications
only in the event that symptoms are present. Implementation
of either policy presupposes knowledge of each individual's
glucose level and hence both of these policies require an
active screening program.
The third policy discussed in Chapter 2 is:
3. Apply medications and monitor only symptomatic
patients.
Policy 3 does not depend on knowledge of a patient's glucose
level since it presumes that patients will present themselves
for treatment when they become symptomatic.
The policy used is essentially the result of the
decision maker's answer to the following questions:
1. Should an active screening program be used?
2. Should asymptomatic patients be given medications?
In order to formalize the introduction of policy variables

in the model, the following policy variables are defined:

it

Y screening variable

medication variable

®
1

An affirmative answer to either of the above questions sets
the respective policy variable to 1 and a negative answer

sets the variable to 0. The following table shows the
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values of the policy variables implied by the three

policies:
Y €
Policy Screening Medication
1 1 1
2 1 0
3 0 0

These policy variables will now be incorporated into expres-
sion for correctly and incorrectly classified nondiabetics.
The cost of an incorrectly classified nondiabetic
resembles the hyperglycemic cost described in a previous
section. The reason is that a person in this classification
has a high glucose level and is consequently thought to be

diabetic. Thus

A(n,e,y) = Y * {n(SOPV + POPV) + eM}  (4.33)

In this equation the term €M represents the medication cost.
It wili have the value 0 unless policy 1 is used. The term
n(SOPV + POPV) represents the cost of monitoring a patient
thought to be diabetic. Multiplication of the sum of these
terms by Y gives the desired result that A = 0 if no screen-
ing program is used; that is, if one does nof screen then
one will not misclassify because of the results of screen-
ing.
Persons who are correctly classified as normal

simply incur the cost of screening. Thus

D(y) = Yy - SCREEN (4.34)
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where SCREEN is defined by (4.31). 1If policy 3 is used,
D = 0.

The cost of correctly and incorrectly classified
diabetics is a complex relationship which involves (1) the
decision maker's opinion about the effectiveness of the
actions taken to control hyperglycemia in reducing non-
hyperglycemic conditions, (2) the value of detection of a
diabetic at the time of onset, and (3) the degree of control
observed in the sample. The general approach by the author
is to compute what one might expect to be the maximum non-
hyperglycemic costs for the situation where no control is
exercised over glucose level. Then these maximum costs
are reduced according to the decision maker's opinion
fegarding the efficacy of treatment.

Adjustment of nonhyperglycemic costs is accomplished
by noting that the observed nonhyperglycemic costs are a
proportion of what one might expect under the condition of
no control over glucose levels. If g(Xc) is the proportion
of the sample that was controlled at the level Xc or less,
then 1 - g(Xc) is the proportion not controlled at X_. The
observed nonhyperglycemic coéts are taken to be 1 - g(Xc)

times the maximum uncontrolled nonhyperglycemic costs.

Formally,

NHYPER(4) = (l-g(Xc)) . MAX(d,Xc) (4.35)
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where g(Xc) is the proportion of glucose values in the
sample which are less than or equal to Xc' NHYPER(d) is
nonhyperglycemic cost observed in the sample and defined in
(4.30), and MAX(d,Xc).is the maximum nonhyperglycemic cost
which would occur in the total absence of control of glucose
levels.

The decision maker's opinion about the effectiveness
of clinical actions taken to reduce nonhyperglycemic
condition enters the analysis in the following way: Let
1-i be the proportion of all of the maximum (uncontrolled)
nonhyperglycemic conditions that the decision maker believes
he can prévent throughout the patient's life if a diabetic
is detected at onset. In this definition, i represents
proportion that the decision maker believes he cannot
prevent throughout the patient's life and may be any value
between 0 and 1. If the decision maker believes there is no
proportion he cannot prevent, then he would set i=0 and all
of the maximum nonhyperglycemic conditions would be pre-~
ventable according to his opinion. The oppoéite opinion
would be expressed by setting i=l. 1In this case, the
resulting opinion is that none of the maximgm nonhyper-
glycemic conditions can be prevented. An opinion between
these extremes can be expressed by selecting an intermediate
value of i.

A correctly classified diabetic incurs the cost of

actions taken to control hyperglycemic costs plus some
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portion of the maximum nonhyperglycemic costs which the

decision maker believes cannot be prevented. Thus
C(Xc,i,d,n) = HYPER(n)+ i - MAX(d,XC) (4.36)

where HYPER represents the hyperglycemic costs as defined

in (4.27), MAX(d,XC) represents the maximum nonhyperglycemic
costs as defined by (4.35), and i represents the proportion
of these latter costs which the decision maker believes
cannot be prevented.

In order to compute the cost of an incorrectly
classified diabetic, it is necessary to make an additional
assumption about how incorrectly classified diabetics are
eventually correctly classified. It is assumed that persons
incorrectly classified will eventually become symptomatic
and present themselves for treatment. The cost of an in-
correctly classified diabetic (after he is discovered) con-
sists of hyperglycemic costs plus a portion of the maximum
nonhyperglycemic costs which the decision maker believes

cannot be prevented. Thus,
B(xc,i,d,n,y) = Y{HYPER(n) + £ - MAX(d,X )} (4.37)

where HYPER represents the hyperglycemic costs as defined

by (4.27), MAX(d,Xc) is the maximum nonhypefglycemic cost as
defined by (4.35), and £ is the proportion of this latter
cost which the decision maker believes cannot be prevented
under the condition that misclassification has occurred.

Multiplicatidn of the expression in the brackets by ¥y
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reflects the fact that no misclassification results if
Policy 3 is used.

If one is willing to make some assumption about the
time it takes for an incorrectly classified diabetic to
become correctly classified (i.e., to become symptomatic),
then it is possible to posit a relationship between the pro-
portions i and £, The approach taken is to assume that £
increases linearly according to the length of time an indi-
vidual is misclassified. The value of f ranges from i to 1
where £ = i if the time until correct classification is O
and where £ = 1 if time until correct classification is at a
_maximum value.

The maximum time until correct classification is
estimated to be five years. This estimate is based on the
life expectancy of a diabetic prior to the time (c. 1900)
that there was any known treatment for diabetics except for
a crude form of dietary treatment. During his era,
diabetics were discovered by means of the classic signs and
symptams of diabetes. Since no treatment in the modexrn
sense was available, no control could be exercised over
glucose levels. Thus, the life expectancy of a diabetic
during the pretreatment era is taken to be the same as the
maximum time until correct classification in the present

situation. In symbolic terms

f=i+__1gl.t (4.28)
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where t is time in years until correct classification
occurs. According to this formulation, t may have any
value between 0 and 5. The relationship (4.38) is shown
graphically in Figure 19 for several values of i.

In short, the function £ allows nonhyperglycemic
costs to be weighted more heavily according to the time of
misclassification and according to the decision maker's
opinion about what he can accomplish if misclassification
can be avoided. The function f is assumed to achieve its
maximum value of 1 when t = 5 years. This corresponds to
the assumption that nonhyperglycemic condtions achieve their
'maximum value after five years of neglecting to control
glucose levels.

Strictly speaking, the expressions developed for
correctly classified diabetics do not apply if Policy 3 is
used. "Policy 3 reflects the position of those who discount
the argument that any of the nonhyperglycemic conditions can
be prevented. Those who hold this view would argue that the
actions taken to control hyperglycemia are more nearly -
designed to relieve the symptoms and that these actions are
independent of any of the nonhyperglycemic condition. Thus,
this argument leads one to conclude that the nonhyperglycemic
costs observed in the sample are representative of what one
should expect in general. Hence, for Policy 3 the cost of a
correctly classified diabetic is given by

C'(d,n) = HYPER(n) + NHYPER(Q) (4.39)
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where HYPER represents the cost of the actions taken to
relieve the symptoms as defined by (4.27) and NHYPER repre-
sents the observed nonhyperglycemic costs as defined by
(4.30).

At this point, a more detailed explanation can be
given for the rationale behind the analysis of correctly and
incorrectly classified diabetics. In Chapter 2 it was seen
that a wide variety of opinions has been expressed in the
literature regarding the impact of glucose control with
respect to what has been defined here as nonhyperglycemic
conditions. Since there appears to be no universal opinion
on this issue, it is the author's position that the decision
maker should be able to introduce his opinion into the
analysis. This is accomplished by letting the decision
maker select a value of i. There is no analytical problem
for those who argue that glucose control is independent of
nonhyperglycemic conditions. For this argument, no adjust-
ment of observed nonhyperglycemic costs according to an
observed degree of control is required since this view
argues independence of nonhyperglycemic conditions and
control.. For those who argue that the two actions are
related, it is necessary to adjust the observgd nonhypef—
glycemic costs according to the observed degree of control.
Correction is necessary because the influence of the program
in effect while the sample data were observed must be

removed before the decision maker can enter his opinion
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about the efficacy of a proposed program into the analysis.
Adjustment of the observed data must be to some common
bench mark and the bench mark used here is maximum un-
controlled cost. Thus, Bquation (4.35) is used to correct
the observed data. The decision maker's opinion is used in
(4.36) and (4.37) to reduce the maximum cost in accordance
with this opinion.

In the following section the several elements of
this analysis will be synthesized in a total cost equafion.
Before going on, it is well to consider the series of
questions a decision maker needs to answer before the model
can be used to calculate total cost. These questions are

shown diagrammatically in Figure 20.

Total Annual Cost Equation

At this point the elements of the analysis can be
drawn together in the form of an annual cost equation. The
elements of the analysis presented thus far are:

l. Computation of the number of persons categorized as
new cases, old cases, diabetic deaths, and non-
diabetic cases. The number of persons in each
category was found as a function of age and, where
appropriate, as a function of age at onset.

2. Computation of the proportions of persons correctly
and incorrectly classified as a function of the

criterion glucose level. In the case of the
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For which sex do you wish to
perform the analysis?

A
How many times per year do you
wish to monitor a diabetic's
glucose level? (i.e., set a
value for n)

\
Do you wish to screen actively

for diabetics or do you wish Screen
to wait until they become =1
symptomatic? Y=
Wait
y=0

,
At what glucose level do you
think diabetics become

symptomatic? (i.e., determine

X!)
<
¥

Costs are computed according
to Policy 3 (see Figure 25)

At what level do you believe
diabetes occurs and can be
controlled? (i.e., set a value
for Xc)

J

What proporfion of maximum (uncontrolled) non-
hyperglycemic conditions is not preventable if
diagnosis is made at onset? (i.e., set a value

Figure

of i) 7

20. Flow Chart of the Decision Maker's Alternatives
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Symptomatic Do you wish to give medications
: to all persons above Xg or only
e =0 to those who are symptomatic?

Costs are computed
according to Policy
2 (see Figure 24)

Costs are computed
according to Policy
1 (see Figure 21)

Figure 20.--Continued
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nondiabetic population, these proportions depend on
age as well as criterion glucose level.

3. Computation of the cost of one individual who is in
each of the four categories (correctly and
incorrectly classified nofmals and diabetics).

In this section, these elements will be synthesized into a
total annual cost egquation. ‘

Before writing these cost equations, it is necessary
to make some additional assumptions. The first has to do
with the method by which incorrectly classified normals are
correctly classified. In Chapter 2, a variety of expert
opinion was cited indicating that it is not generally
advisable to make a diagnosis of diabetes on the basis of a
éingle glucose tolerance test. Evidence was presented in
Chapter 2 indicating that some individuals who have a high
glucose level on one test tend to have a lower level on a
subsequent test. If one did not make subsequent determina-
tions, it is conceivable that a patient could be permanently
misclassified as a diabetic. It is assumed that the sub-
seqdent tests are indeed made and that a false positive can
be correctly classified as normal within one year on the
basis of at least two additional glucose determinations.
T.us, a minimum value for n (frequency of monitoring) is set
a£ 2. Departure from this assumption would appear to imply

following a policy which is generally regarded as poor
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medical practice. In terms of cost consegquence, violation
of this assumption is bound to increase costs unnecessarily.

The second assumption is related to the method by
which incorrectly classified diabetics are eventually
correctly classified. It is assumed that incorrectly
classified diabetics are correctly classified when they
become symptomatic and that symptoms will appear two years
from onset (Bennett, 1971). When symptoms appear, it is
assumed that the misclassified diabetic will present himself
for treatment. The impact of this assumption for the model
is to set t = 2 in Equation (4.38). Thus, if the decision
maker believes that.he cannot prevent one-half of the
maximum (uncontrolled) nonhyperglycemic conditions, i = 0.5
and Equation (4.38) gives £ = 0.7.

Finally, it is necessary to make an assumption about
the glucose distribution for new and old cases. It will be
recalled that the upper modal group consists of both new and
and old cases. At the present time, it is not known whether
diabetics of varying durations have different glucose dis-
tributions according to their duration. It is assumed that
the distribution of glucose levels does not change with
duration. Thus the glucose distribution for new cases and
0ld cases (of all durations) is taken to be the same.

The total cost equation will now be given for
Policy 1 and Policy 2. It is convenient to write the

equation in terms of new cases, old cases, nondiabetic
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cases, and diabetic deaﬁhs. Consider the number of new
cases of age a. It has been noted that 1 - PZ(XC) of the
new cases will be correctly classified. Thus, the number of

new cases of age a correctly classified is
NEW(a) * (1 - P,(X_)).
The cost of one new case classified correctly is given by

(4.36) with duration (d) set equal to zero. Thus, the cost

of all correctly classified new cases of age a is

NEW(a) - (1 - PZ(XC)) . C(Xc,i,o,n)

Summing over all ages, the annual cost of all new cases is

given by
79
COST(NEW) = I NEW(a)+(1-P, (X ))-C(X_,i,0,n) (4.40)
a=12 ¢ c

It should be noted that the proportion of new cases which
is not correctly classified is incorrectly classified as
normal and will not incur any expense during the present
year. Subsequently, persons incorrectly classified will
become symptomatic. At that time these cases will incur
costs which are higher than those costs incurred by
correctly classified new cases (see [4.37] and [4.38]).

The annual cost of o0ld cases is complicated for two
reasons. First, the cost of an old case is a function of
duration; consequently, the cost is a function of present

age and of age at onset. Second, old cases consist of
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persons who were correctly classified at onset and persons
who were incorrectly classified at onset. The latter have
become symptomatic subsequently and are now being treated.
Consider the old cases of present age a and age at onset o.
The proportions of 0ld(o,a) which were at one time in-
correctly classified is PZ(XC) and the proportion which was
correctly classified at onset is l—PZ(XC). For the given

0ld cases, the following expression gives the annual cost

o1d(o,a) - [Cl—PZ(Xc)) . C(Xc,i,a—o,n) + PZ(XC) .
B(Xcmi,a—o,n)].

In the above expression, the function C is the cost of a
correctly classified diabetic of duration a-o. This function
is defined by (4.36). Similarly, B is the cost of an in-
correctly classified diabetic where B is defined by (4.37).
In order to obtain total cost for old cases, the above
expression must be summed for all persons of a fixed age a
over all possible ages at onset. The possible ages at onset
range from 12 to a-l. The upper limit is a-1l, because a
person whose age is a and age at onset is a is by definition
a new case. The latter are accounted for in Equation (4.40).

Thus, the cost of old cases of age a is given by

a-1
0512 0ld(o,a) - [l—Pz(Xc)) . C(Xc,l,a—o,n) +

P,(X) + B(X_,i,a-0-n)].
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The above expression represents the cost of 0ld cases of
age a summed over all applicable ages at onset. Finally,

the above expression must be summed over all ages. Thus,

79 a-1
COST(OLD) = I Z 0ld(o,al[(1-P,(X_)) -
a=13 o=12

(4.41)
C(X_,i,a-o,n) + P2(XC) . B(Xc,i,a—o,n)]

represents the annual cost of all old cases.

Now the nondiabetic population of age a is given by
(l—az(a)) . N(a) where (l—az(a)) is the proportion of the
population which is in the lower modal group at age a and
N(a) is the population at age a. The proportion of this
group which is correctly classified is Pl(Xc,a) and the
proportion which is incorrectly classified is (l—Pl(XC,a)).

Thus, the cost of nondiabetics of age a is
(l—az(a)) - N(a) - [(l-Pl(XC,a)) - A(n,e,y) +

P (X ,a) - D(y)].

In the above expression, A represents the cost of an in-
correctly classified nondiabetic as defined by (4.33).
Similarly, D represents the cost of a correctly classified
nondiabetic as defined by (4.34). The latter is the
screening cost. The expression must be summed over all ages

to give the total cost of the nondiabetic group
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79
COST (NORMAL) = £ (l-a,(a)) - N(a) < [(1-P,(X_,a))
a=12
A(n,e,v) + Pl(Xc,a) - D(y)]. (4.42)

The total annual cost is given by the sum of (4.40), (4.41),
(4.42), and the cost of mortality. Thus, the total cost is

given by
TC(Xc,i,n,e,Y) = COST(NEW) + COST(OLD) +
COST (NORM) + MORT (4.43)

where MORT is the mortality cost of the diabetic deaths as
defined by (4.32). The total cost equation (4.43) holds for
Policy 1 or 2.

The. total cost equation must be written in a
different way for Policy 3. It will be recalled that Policy
3 does not involve screening; consequently, there are no
misclassifications based on screening information. Accord-
ingly, there is no screening cost (D = 0) and the costs of
inqorrectly classified individuals are also set to zero so
that B = 0 and A = 0. In addition, Policy 3 is based on the
assumption that glucose control is independent of non-
hyperglycemic conditions. Thus, the cost of a correctly
classified diabetic C' is given by (4.39). Further, Policy
3 assumes that all diabetics are correctly classified by
virtue of the fact that they are symptomatic. If Xc'

represents the glucose level at which symptoms occur, then
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(l—PZ(Xc')) is the proportion of the upper modal group
which is symptomatic. Thus, the total cost equation for

Policy 3 can be written

79
TC'(X',n) = £ NEW(a) - (1-P_(X _')) - C'(o,n) +
o 2 7¢c '
a=12
79 a-1
T ¥ o01ld(o,a) « C'((a-0o,n) -
a=13 o=12

(1-P2(xc')) + MORT (4.44)

where the first sum represents the cost of new symptomatic
patients and the second sum represents the cost of old
symptomatic cases. .The third term in (4.44) is mortality
cost as previously defined.

It is necessary to make a careful distinction between
the variables Xc and Xc'. The variable Xc is used in Equa-
tion (4.43) for Policies 1 and 2. The value of X_ is set by
the decision maker's answer to the following question: At
what glucose level do you wish to define and control
diabetes? The variable X ' is used in Equation (4.44) for
Polciy 3. The value of XC‘ is set by the decision maker's
answer to the following question: At what glucose level do
you believe that symptoms occur? In the following section,
the total cost equations are evaluated over a range of

glucose levels for a variety of policy parameters.
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Evaluation of Total Annual Cost Equation

In this section the total cost Equation (4.43) is
evaluated for Policies 1 and 2 and the total cost Equation
(4.44) is evaluated for Policy 3. These equations assume
that glucose monitoring is conducted quarterly (n = 4).
Mortality costs have been discounted at a rate of 5 per cent.

Figure 21 shows the total annual cost over a range
of glucose levels. The parameter on this graph is i (pro-
portion of maximum nonhyperglycemic cost which cannot be
prevented). The values used for i are 0.0, 0.25, 0.5, and
0.75. For a fixed gluéose level, the cost curves exhibit
higher costs for hiéher values of i, This result is in
agreement with what one might expect: that is, if all of the
nonhyperglycemic costs can be prevented (i = 0), one would
expect lower costs than if only one half can be prevented
(i = 0.5).

In addition, Figure 21 shows that an optimal cost
exists for each value of i. In order to see that these
optima exist, it is useful to examine the costs asscciated
with the diabetic and the nondiabetic populations as shown
in Figure 22. For the nondiabetic population, the cost
function decreases with increasing glucose level until a
level of 270 is attained. The shape of this curve reflects
the fact that fewer nondiabetics are misclassified with
increasing glucose level and that eventually a point is

reached where virtually the entire nondiabetic population is
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Expected Annual Cost in Millions of Dollars

1.0 1 ! [ !
100 200 300 400 500
Glucose Level (Anti-Log Xc)

Figure 21. Cost vs. Glucose Level for the Male Population
Using Policy 1 -- Monitoring: 4 times per vear,
Xc* denotes the minimum cost glucose level.
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Cost Curves Associated
with the Diabetic
Population

Costs Associated with the
Nondiabetic Population

Expected Cost in Hundred Thousands of Dollars

0 - L 1 L .
100 200 300 400 500
Glucose Level (Anti-Log X_)

Figure 22. Male Diabetic and Nondiabetic Costs Using Policy
1 -~ Monitoring: 4 times per year.
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correctly classified. At the latter point, the cost curve
is constant and this value represents the cost of screeﬁing
the nondiabetic population. It should be noted that for a
given policy and frequency of monitoring there is only one
cost curve for the nondiabetic population.

The cost curves for the diabetic population are
given in Figure 22. There is a separate curve for each value
of i, These curves exhibit a constant value at lower glucbse
levels where virtually all of the diabetic population is
correctly classified. This value represents the hypergly-
cemic costs and the proportion of the nonhyperglycemic costs
which cannot be prevented. As the glucose level increases,
larger portions of the diabetic population are misclassified
and costs increasé due to the misclassification error.

Since the slopes of the diabetic and nondiabetic cost curves
have opposite signs, minima obtain as shown in Figure 21.

The minima occur at different glucose levels and
since there is a single cost curve for the nondiabetic
population, the reason for the different optima rests with
the curves for the nondiabetic population as shown in Figure
22, The cost curve for the diabetic population at a given
value of i may be considered as the sum of the costs
associated with the correctly and incorrectly classified
diabetics. These components are shown in Figure 23 for
i =0.0 and i = 0.75. It should be noted that i = 0.0

represents the judgment of an optimistic decision maker who
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Figure 23, Costs for the Male Diabetic Population by
Classification Using Policy 1 -- Monitoring: 4
times per year.



158
believes that all of the nonhyperglycemic conditions can be
prevented for diabetics detected at onset. According to the
assumption about the consequences of misclassification of
diabetics--see Equation (4.36)--this view implies that 40
per cent of these conditions for nondiabetics cannot be
prevented; that is i = 0.0 implies f = 0.40. Similarly, a
value of 1 = 0.75 expresses a more pessimistic view and this
value of 1 implies f = 0.85. The impact of the assumed
relationship between i and f may be seen in Figure 23. One
who is optimistic about correctly classified diabetics
(i = 0.0) is also optimistic regarding incorrectly classi-
fied diabetics (f = 0.4) as compared with the more pessi-
nistic view (i = 0.75 and £ = 0.85). Thus, the cost curve
for the incorrectly classified diabetic rises more rapidly
for £ = 0.85 than for £ = 0.4 because less can be done for
the misclassified diabetic once he is detected. The implica-
tion is that misclassification has lower cost consequences
for the optimist as compared with the pessimist.

The addition of the cost curves for the correctly
and.incorrectly classified diabetics (Figure 23) produces
the corresponding diabetic cost curves shown in Figure 22.
The results show that for each fixed glucose level the cost
curves for the diabetic population have steeper slopes for
higher values of i. This in turn causes the optimal values
for fhe total cost curve (Figure 21) to occur at lower

glucose values with increasing values of i.
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The decomposition of costs according to correct and
incorrect classification produces another interesting
result. Table 8 shows the proportion of total cost (less
the constant mortality cost) which is attributable to.
correctly and incorrectly classified diabetics and non-
diabetics. These proportions are shown for various glucose
levels. It may be seen that the proportion of resources
expended on correctly classified diabetics and nondiabetics
are maximized at glucose level of 210. This is exactly the
point where total cost is minimized as shown in Figure 21.
At glucose values less than the optimal value, resources are
drawn to incorrectly classified nondiabetics and at values
higher than the optimal level resources are diverted to in-
correctly classified diabetics. Thus, at the optimal
glucose value, the maximal proportions of resources are
allocated for detecting diabetes (as reflected in the
screening costs of the correctly classified nondiabetics)
and for treating correctly classified diabetics.

Figure 24 shows cost curves for Policy 2. It will
- be recalled that Policy 2 does not call for application of
medication for all persons over a given value of Xc‘ Thus,
the cost of an incorrectly classified néndiabetic is less
for Policy 2 as compared with Policy 1. Thus, less weight
is given to incorrectly classified normals. The net impact

is to shift the cost curves to the left at lower glucose






