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PREFACE

This research consists of the development of a com-
puterized technique to assist the physician in analyzing a
patient's health. Using the patient's physical examination
as the primary source of input, this technique assists the
physician in analyzing a patient's health by 1) summarizing
the patient's prior medical data, 2) determining if the
patient is normal or abnormal, 3) identifying those clinical
variables which are significantly affecting the patient's
health, and 4) observing any significant longitudinal drift
in the patient's health.
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CHAPTER I
FORMULATION OF THE PROBLEM
Origin of the Problem

The health of a nation's people has traditionally been
measured by the rate at which they die. A nation's death
rate which is decreasing is considered an indication of an
increase in the nation's hea1£h. However, in recent years
the concepts of health have undergone significant changes.
No longer are decreasing death rates being considered as a
measure of health. Instead, emphasis has shifted to the
total quality of life rather than the length of life and to
the positive elements of good health rather than merely the
absence of disease.

It has been suggested that in the future it‘may be
possible to compile a health index similar to the gross
national product index. Such an index could be called the
gross national health deficit. ‘This index would combine all
the days of healthful living which are lost each year by the
sick, the days of life lost through death that comes too

soon, and all the impairments suffered because of lack of



medical treatment and advice. Such an index still stresses,
as do conventional health statistics, the negative aspects
of health.

The applications of computers to medical research and
practice are relatively new. In the early 1960's computers
were almost unknown in medicine. Today the situation has
changed considerably. Many leading hospitals use computers
for many different purposes from calculating doses of medi-
cines to planning menus. However, the use of computers to
assist the physician is still in its infancy. There is
little doubt that because of the rapid increases in the
volumes of medical data, the physician of the future, ané
also of the present; will need new methods of arriving at
diagnoses. Computers, with their large storage capacities
and their fast computational capabilities, offer the means
of assisting the physician.

Before computers can be used to assist the physician in
diagnosing, it is important to understand the process used
by physicians in making a diagnosis. An oversimplified
explanation of the diagnosis process follows. First, the
physician obtains the case facts from the patient's history
questionnaife, physical examination, laboratory tests, etc.
Second, he evaluates the relative importance of the

different signs and symptoms. Some of the data may be more



heavily weighed than other data in his evaluation. Third,
the physician makes a diagnosis. The diagnosis consists of
listing all abnormalities which the case can resemble.

Then, by an exclusion process on the compiled list of abnor-
malities, a specific abnormality is deterhined; or it may
be that the abnormality cannot be determined.

Quite often the physician, after seeing the patient,
has a "feeling" about the case. This "feeling" which is
difficult to explain, is generally a summation of the
physical impressions concerning the way the data seems to
fit together, the patient's reliability, general appearance,
facial expressions, and so forth.

Errors do occur in diagnosing; however, it is widely
believed that the majority of errors resuit from excluding
possible abnormalities during the diagnosis than from any
other source. It is here where the computer can provide a
valuable service to the physician by reminding him of all
possible conditions and abnormalities associated with the
case.

One area where computers have tremendous potential in
assisting the physician is in analyzing a patient's health.
Such an analysis of a patient's health is commonly
accomplished through a routine physical examination. A

phrase in vogue for this area of analysis is multiphasic



health screening. The concept behind multiphasic health
screening is to detect any abnormalities that a patient may
have with the minimum number of tests and for a nominal fee.
Those patients having abnormalities, or possible abnormal-
ities, are then referred for further and more detailed
examination.

The computer's réle in multiphasic health screening is
illustrated by the flow diagram in Figure 1. A patient
arrives at a medical clinic for a routine physical exami-
nation. Upon arrival, the patient completes a medical
history questionnaire., The responses to the questionnaire
are stored in the computer. A routine physical is then
administered to the patient. Medical technologists gener-
ally administer the majority of the tests without the
physician's assistance. A typical physical includes such
tests as vision, hearing, physical characteristics, blood
chemistry, urine analysis, chest x-ray, electrocardiogram,
and pulmonary functions. The results of these tests are
also stored in the computer.

After the physical examination the patient sees the
physician. The physician reviews the medical history
guestionnaire and the results of the physical and then makes
a diagnosis. To assist him in his diagnosis, the physician

has access to the computer. Since all the patient's data
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is stored in the computer, the computer is used as a tool
to assist the physician in analyzing the patient's health.

For example, the patient's measurements could be com-
pared with predefined norms, corresponding to his sex and
age, and bé displayed via a cathode ray tube., Those
measurements falling outside the predefined limits could be
flagged. Various statistical tests could also be made on
the patient's data. Measurements from the patient's present
physical could be compared and displayed with his previous
physicals in hopes of detecting any drift in the patient's
health. Also, significant data from the patient's past
medical history could be retrieved from the computer and
brought to the physician's attention.

An example of the multiphasic screening concept can be
seen at the Kaiser Permanente Clinic in California (1) (2).
This clinic is often cohsidered the birthplace of multi-
phasic screening. At the clinic patients register at a
rate of two every five minutes. Patients ﬁndergo a battery
of medical tests, passing from one test station to another
like parts in an assembly line. Computers are extensively
used to store, retrieve, and analyze the patient's data.
A similar program is being operated by the Tennessee Valley
Authority (3). The TVA is using mobile multiphasic testing

facilities.



Research Objective

Evidence of an abnormality in a patient presumes a
knowledge of the same patient in a different state of
health. This difference may be noted by oﬁserving the
patient when he was normal. Or, this difference may be
noted by comparing the patient to a hypothetical group who
possess similar characteristics, such as sex and age.

A phenomenon of most physiological variables is that
the distributions of these variables are generally normal.
Therefore, it is possible to define a tolerance region
which would contain a certain percentage of the values.
Likewise, given a value of a clinical variable, a statis-
tical test could be made to determine, with a given confi-
dence, if the value is within defined limits.

One technique for detecting a patient's abnormalities
is to compare each of his measurements against a distri-
bution of that measurement for which the patient might be
considered a member.

If only one variable is used to classify a patient as
normal or abnormal, the patient's value could be compared
with the distribution of that variable as in Figure 2. For
any value falling within the tolerance region the patient

would be classified as normal. Likewise, for any value



outside the tolerance region the patient would be clas-

sified as abnormal.

Tolerance Region

Variable x

1

Figure 2. Single Variable Tolerance Region

If two clinical variables are used to classify a
patient as normal or abnormal, the tolerance region would
appear as a rectangle as shown in Figure 3. The patient's
two variable observation can be plotted as a point in a
plane. The assumption has been made that the two variables
are independent. This is a common assumption in developing
techniques for analyzing clinical variables. However, such
an assumption does not consider the possible correlation
which may exist between the variables.

If the dependence between the variables is considered,
the tolerance region for the two variable observation is no
longer a rectangle. Instead, the tolerance region becomes

an ellipse as shown in Figure 4.
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A two variable observation falling in the cross
hatched areas within the ellipse could be quite normal, but
would be considered abnormal when compared with the toler-
ance limits in Figure 3. However, more seriously, a two
variable observation falling in the shaded area outside the
ellipse might be abnormal, but would be considered normal
when compared with the limits of the individual variables.

In actual practice more thén two variables are consid-
ered in determining if a patient is normal or abnormal. In
general, an n-dimensional tolerance region must be consid-
ered. A patient's n-variable observation can then be tested
to see if it falls within the tolerance region. If the
point falls within the tolerance region, the patient would
be classified as normal; otherwise, he would be classified
as abnormal.

Once the patient has been classified as abnormal, a
next logical step is to determine which of the clinical
variables contributed most significantly to the patient's
abnormal classification. By identifying those significant
variables it should be possible to diagnose the patient's
abnormality.

Another area of considerable interest is to obtain
some measure of the patient's health and to observe this

measure as a function of time. By observing any
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longitudinal drift, it should be possible to detect a
change in the patient's health.

In summary, the purpose of this research is to develop,
for use primarily in occupational or multiphasic, clinics,
a computerized technique to assist the physician in analyz-
ing a patient's health. Using the patient's physical exam-
ination as the primary source of input, the automated
technique will assist the physician in analyzing a patient's
health by 1) summarizing the patient's prior medical data,
2) determining if the patient is normal or requires addi-
tional medical attention, 3) identifying those clinical
variables which are significantly affecting the patient's
health, and 4) observing any significant longitudinal drift

in the patient's health.

Related Research

Early interest in the subject of logical analysis of
medical diagnosis may be attributed to the realization by
some physicians that some sort of device was needed to aid
diagnosis. The earliest diagnostic aids were handbooks
listing the various signs and symptoms associated with
various abnormalities.

In 1954 an English physician constructed a mechanical

device similar to a slide rule which enabled a physician
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to match various combinations of eighty-two signs and
symptoms in order to choose the most likely diagnosis from
a possible 337 diseases. Sﬁch a device could be helpful to
a physician during consultation; however, it could hardly be
considered an entirely satisfactory crutch for the physi-
cian's memory.

Other investigators in the 1950's devised mechanical
methods using cards. Initially, card and needle systems
were used. Later punched cards and card sorters were intro-
duced. Note that all the above approacheé did not utilize
probabilistic relationships between symptoms and diseases.
It was not until the introduction of the digital computer
that probabilistic relationships could be considered.

Since the introduction of the digital computer in the
early 1960's, a variety of approaches have been applied to
the area of medical diagnosis. Several of these approaches

are briefly discussed in the following paragraphs.

Probabilistic Approach

Warner (4) was the first investigator to successfully
use a Bayesian conditional probability model, with the
assistance of computers, to diagnose heart disease. Since

1961 the Bayesian approach has been applied to the
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diagnosis of bone tumors (5), the classification of psy-
chiatric patients (6), and the diagnosis of thyroid
function (7).

The Bayesian approach does have its limitations. It
requires that the diseases in question be mutually exclu-
sive and that the symptoms be independently distributed
given the diseases.

Using the BaYesian approach‘the problem is to determine
the probability that the patient has disease Dj' when it is
known that the patient has symptom Ss- The data upon
which P(Djlsi) is derived comes from medical knowledge.

Such medical knowledge is generally given in the form of
conditional probabilities: namely, the probability P(SiIDj)
that a patient having disease Dj' will have symptoms.si.

Therefore, if medical knowledge is in the form of
P(Sile): the problem is to determine the diagnosis
P(Djlsi): namely, the probability of having disease Dj‘given
that the patient has symptoms Si‘ Using the Bayesian

approach, P(Djlsi) is computed as

P(D;) P(S4]Dy)

P (Dy] 51) , (1)

2. P(Dy) P(s;]Dy)
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wWhere the summation is over all possible diseases under

consideration.

Decision Table Approach

Decision tables have been used effectively in the past
few years in several areas of medical diagnosis. One use
has been for identifying heart defects (8). The applica-
bility of decision tables to medical diagnosis stems from
the fact that the diagnostic process is primarily logical
rather than computational. Decision tables are an ideal
means for expressing complex logical relations between
symptoms and diagnosis in a compact and readily understand-
able form.

The decision table approach is a straightforward
approach. Each decision table is divided into four quad-
rants as in Figure 5. The upper quadrant contains a series
of conditions or guestions which are to be tested. The
lower left quadrant describes the action to be taken depend-

ing on the outcome of the tests.

Miscellaneous Approaches

Several other statistical technigques have also been
used in diagnosing. One of these techniques is discriminant

analysis. Overall (9) has applied the technique to the
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study of psychiatric diagnosis as a means of increasing the
objectivity and the reliability of classification proce-

dures for psychiatric patients.

Rules

Conditions
L

Actions
- Y

Figure 5. Typical Decision Table Used in Diagnosing

Another statistical technique used in medical diagnosis
is factor analysis. Again Overall and Williams (10) have
applied the technique fo the study of thyroid function
diagnosis. One hundred and sixty cases were selected at
random for the study and twenty-seven measures of thyroid

activity were selected for consideration in the analysis.
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'Uniqueness of Proposed Approach

All of the approaches discussed in the preceding
sections have one thing in common: each approach is oriented
toward diagnosing specific diseases or abnormalities. There-
fore, each approach relies heavily on obtaining a valid
sample of patients, who possess the required diagnoses
and/or symptoms, to develop an approach capable of detecting
the disease or abnormality.

On the other hand, the approach proposed in this
research is to develop a generalized technique which only
classgifies a patient as normal 6r abnormal. Such an
approach has value as a screening tool for rapidly and
economically determining, in general terms, if a patient
is healthy or has some abnormality. Should the patient be
classified as abnormal (based on a decided risk factor), the
patient could be subjected to more thorough testing and/or

referred to a specialist for treatment.



CHAPTER IT
APPROACH TO THE PROBLEM

This chabter presents the approach to the problem.
Included in this chapter are a statement of the problem, the
constraints placed on the problem, the source of data, the
selected clinical variables, and a discussion of the‘nor—

mality existing in physical variables.
Statement of the Problem

The medical diagnostic process may be divided into the
following four general steps:

1. Review of the patient's medical
record

2. Comparison of the patient's infor-
mation with available medical
information

3. Diagnosis of the patient

4. Treatment of the patient.

The first step, the review of the patient's medical
record, involves the physician familiarizing himself with

the patient's medical record. This familiarization con-

sists of reviewing the patient's history data, such as
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family disease history, present medications, and smoking
habits; his physical examination and lab results; and other
procedures, such as chest x-ray and electrocardiogram
results.

The second step involves the physician comparing the
patient's medical information (i.e., his signs and symptoms)
with available medical information, The physician may need
to review medical literature or recent medical knowledge to
determine the possible causes of signs and symptoms which he
has not frequently seen or to reassure himself that he has
indeed made the correct diagnosis. bne area of assistance
to the physician in reviewing available medical literature
is the Medical Library Automated Retrieval System (MEDLARS)
which is being developed by the National Library of Medi-
cine. MEDLARS is a computer based medical information and
retrieval system with remote terminal capabilities.

The third step in the medical diagnosis process is the
actual patient diagnosing. It is very difficult, if not
impossible, to write a computer program which performs a
complete diagnosis. Care must be taken to separate research
on the diagnostic processes of the physician from research
on the computer techniques which give a medical diagnosis.
The diagnostic process for the physician may involve a

pattern recognition procedure in the first stage of
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diagnosing in order to focus quickly on a group of possible
diseases (i.e., the differential diagnosis). The second
stage involves the physician using his memory of statistics
(i.e., subjective probabilities) to arrive at a final
diagnosis. .

The first stage of the diagnostic process, the proce~
dure used to arrive at a list of possible diseases, is a
difficult area to étudy. It is very difficult to determine
how the physician arrives at a differential diagnosis. Con-
sequently, it is even more difficult to develop a computer
program which will perform a differential diagnosis in the
sense that, when a new patiént is presented, all nonperti-
nent diseases are screened out and a list of pertinent
diseases is retained.

The second stage of the diagnostic process involves the
physician making a diagnosis from a given set of diseases.
It is this second stage where various mathematical and
statistical techniques, using computers, have been applied
to arrive at a medical diagnosis. Several of the applica-
tions of statistical techniques to medical diagnosis are
briefly discussed in Chapter I.

The fourth step in the medical diagnosis process is the

actual treatment of the patient.
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The research in this thesis is focused on the first
three steps in the medical diagnosis process. Emphasis is
placed on developing a computerized technique to assist. the
physician in analyzing a patient's health. No attempt is
made to‘diagnose specific diseases. The primary source of
input is the patient's physical examination. Using the
physical examination as a basis, the computerized technique
will assist the physician by 1) summarizing the patient's
prior medical data, 2) determining if the patient is normal
or requires additional attention, 3) identifying those
clinical variables which are significantly affecting the
patient's health, and 4) observing any significant longi-
tudinal drift in the patient's health.

Since emphasis is placed on the physical examination
as the primary source df data input, the aﬁtomated technique
for analyzing a patient's health is best suited for occupa-
tional health centers, such as industrial medical centers,
and for clinics which operate various screening programs.

By emphasizing the physical examination as the primary
source of input, the following quantitative variables are
available: physical characteristics, vision, hearing, blood
specimen, urine specimen, chest xX-ray, electrocardiogram,

and pulmonary functions.
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Imposed Problem Constraints

To adequately limit this research, certain constraints
are placed on the problem. These constraints are defined in
the following paragraphs.

The first constraint is placed on the selection of the
clinical variables. Only data from a patient's physical
examination and laboratory tests is considered in this
study and then only those variables which are gquantifiable.
This constraint immediately rules out such variables as
psychological variables and other qualitative variables.

A second constraint is imposed because of the availa-
bility of data. Because of the researcher's association
with the George C. Marshall Space Flight Center's (MSFC)
Medical Center, this research is limited to the availability
of data from that Center. This constraint should in no way
hinder the research. Should the research done on £he
available data from the Medical Center prove meaningful, it
would be just a matter of expanding the number of variables
and obtaining an additional data source. The basic tech-
niques should not change.

Because of this second constraint, the majority of the
available data is only on males. This is because the major-

ity of employees at MSFC are males. Therefore, only males
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are considered in this research. This constraint is not a
serious constraint since the model could readily be expanded
to include females provided sufficient data is available.

In addition, the majority of the data is on employees
between twenty-one and sixty-~five years old. Therefore,

only these ages are considered in this research.
Source of Data

The source of data for this study is the MSFC Medical
Center which is located in Huntsville, Alabama. Staffing of
the Medical Center consists of five medical doctors and the
necessary support personnel. The Medical Center also has
its own laboratory.

The primary function of the Medical Center is to over-
see the health of MSFC employees. As part of this effort,
the Medical Center administers physical examinations and
emergency treatment to MSFC employees. In addition, the
Center also operates:special,screening, monitoring, and
hazardous occupation programs.

The majority of the data which is generated as a result
of the Center's function is entered and stored in the com-
puter. A generalized flow diagram depicting the data input

flow is presented in Figure 6.
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When a patient visits the Medical Center one or more of
the following forms are completed, depending on the type of
«visit: history form, job status form, physical examination
form, laboratory form, and odcupational statistics form.

The history form is completed by the patient only upon
his first visit to the Center. The job status form is com-
pleted by Medical Center staff whenever there is a change in
the employee's job status.

The physical examination form is compléted by the
examining physician at the time of the patient's physical.
The laboratory form is completed by the technician after the
laboratory tests have been conducted. The occupational
statistics form is completed by the Medical Center staff
whenever an employee visits the Center. This includes non-
scheduled visits such as emergencies and accidents as well
as scheduled visits such as routine physicals.

After the forms have been completed, the Medical
Center staff conceal the patient's name on the form, assign
a unique medical number to the patient (reassigns the identi-
cal number if the patient has previously been assigned a
number), and then reproduce the form. By having a unique
medical number rather than the patient's name, the patient's

medical data is maintained confidential.
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All copied forms are forwarded to keypunch. The
punched cards are added to the medical data base on a
weekly basis. A generalized flow diagram of the updating
procedure is presented in Figure 7.

The Meaical Center started storing medical data in the
computer in 1968. To date, the data base contains data on
ovér 6,000 empioyees. Of the 30,000 records in the data
base, 5,000 are histories, 12,000 are physicals and labs,
and 12,000 are occupational statistics records. The pri-
mary use of the data base has been as an information storage
and retrieval system.

The source of data for this study is the physical
examination forms and the laboratory forms. Physicals are
given to employees who are less than thirty-one years old
every thirty-six months; to employees between thirty-one
and forty-five every twenty-four months; and to employees

over forty-five every twelve months.
Selected Clinical Variables

Based on the previously discussed constraints, thirty-
six clinical variables are selected for this study. These
variables can be categorized into physical variables;

variables related to blood; wvariables related to urine:
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chest x-ray variables; electrocardiogram variables; and

pulmonary function wvariables.
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Within each of these categories the following specific

clinical variables are selected:

Physical variables

N WN
L]

9.
1o,

Height (inches)

Weight (pounds)

Actual/Ideal weight

Pulse (beats/minute)

Systolic blood pressure (mm Hg)
Diastolic blood pressure (mm Hg)
Recumbent systolic blood
pressure (mm Hg)

Recumbent diastolic blood
pressure (mm Hg)

Arm skin folds (mm)

Back skin folds (mm)

Variables related to blood

11.

12.

13.

14,
15.
16.

17.

18.
19.

20.
21,

Bilirubin, total (mg/100 ml of
serum)

Bilirubin, direct (mg/100 ml of
serum)

Bilirubin, indirect (mg/100 ml
of serum)

White cell count (number/cu mm)
Cholesterol (mg/100 ml of serum)
Glucose, fasting (mg/100 ml of
serum)

Glucose, two hour fasting (mg/
100 ml of serum)

Hematocrit (% of blood volume)
Serum glutamic pyruvic

transamenase (SGPT) (units/liter)

Thymol turbidity
Uric acid (mg/100 ml of serum)

Variables related to urine

22.

White blood cells (number/high
power field)
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23. Red blood cells (number/high
power field)
24, Albumin

25, pH
26. Specific gravity
27. Sugar

Chest x~ray variables
28. Total heart diameter (cm)
29. Thoracic diameter (cm)
30. Total heart diameter/thoracic
diameter
Electrocardiogram variables
31. Heart rate (beats/minute)
32. PR interval (hundreths of second)
33. QRS duration (hundreths of second)
34. QRS axis (degrees)
Pulmonary function variables
35. Vital capacity (1iteré)
36. Forced expiration volume
in one second (FEVl) (liters).

A brief description of these clinical variables is pre-
sented in Appendix A.

A review of the data availability for the selected
variables indicated that recumbent systolic and diastolic
blood pressures are only taken when the patient has an ele-
vated blood pressure. Therefore, these two variables are
removed from the list. 1In addition, only total bilirubin
is being recorded without recording the direct and indirect

bilirubins. Therefore these two variables are removed from

thevlist.
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Glucose two hour fasting and thymol turbidity are pre-
sently not being measured; therefore, these two variables
are also removed from the list. Albumin and sugar from the
urine analysis are also not being measured; therefore, these
two variables are also removed.

After removing the above variables, twenty-eight var-
iables remain for use in developing the model. It should be
noted that once the model is developed, the adding of addi-

tional variables would be no major problem.
Phenomenon of Normality

A phenomenon present with clinical variables as with
many physical variables is that the distributions of these
variables are generally normal. Therefore, these distri-
butions are completely described by knowing their means and
standard deviations.

When considering clinical variables we are generally
interested in many variables which are not necessarily inde-
pendent; but which are correlated with one another. There-
fore, the joint distribution of these clinical variables
is a multivariate normal distribution (11) written as

1 1

£(x) = /2 ‘v 2
@ —7— exp[-1/2 x -y &-m]. @
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where x = is a vector of measurements (xl, Koy eees xp),
M = is a vector of mear—ls (/“l'/“z' ""/“p)' and
122 013 ... 9Ip |
V = covariance matrix 021 652 E .
031
ngi .o Cng

The quadratic form of the exponent of the multivariate
normal density specifies the equation of an ellipsoid in the
p~dimensional space when it is set equal to some positive

constant c. Mathematically, this ellipsoid is expressed as

(x -4) ¥ (x-p) =c. (3)

This ellipsoid defines a tolerance region in the p-dimen-
sional space. In effect, by varying c, the "size" of the
ellipse is varied. Therefore, c can be considered analogous
to defining a tolerance fegion.

If the values (xl, Kos «any xp) of a patient's clinical
variables are known, it is possible to construct a test,
with a confidence based on a function of the constant c, to
determine if the p-variable observation in the p-dimensional
space falls within the ellipsoid. The actual development of
this test is in a later chapter.

If the rank of the multivariate normal depsity is two,

the density reduces to a bivariate normal which can be
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written as

2
1 1 Xq -
£(x,,x,) = exp { ~1/2 (J_'“L)-
1’72 2
X661 -p° 1-p 01

20 X) -M1) (%2 "'“2) +(x2 ‘ﬂz) . (4)
ai \ 02 a2

A plot of the bivariate density is shown in Figure 8.
If z, = (xl -/41)/0"1 and z, = (x4 —/12)/6_2, then f(xl,xz)

becomes a standardized bivariate density with means zero and

unit variances. Mathematically, this is

1 2

exp ‘ -1/2 (2,7 -
12 2 \Il —f’ 1 —f72

2/pz1z2 + 222)\ . (5)

Any vertical plane in Figure 8 cuts the curve into a
univariate normal distribution. Those vertical plane cuts
shown in Figure 8 are conditional normal distributions
f(xllxz) and f(lexl).

The curves formed by the intersection of the distribu-
tion surface and a horizontal plane is an ellipse as shown
in Figure 4. The shape of this ellipse is a function of the
correlation coefficient/o and the relative values of GE

and 0"2. The ellipse has its center at/“l and /42. If/= 0

and ifO"l = Q.

Y the ellipse becomes a circle.






CHAPTER III
DEVELOPMENT OF THE MODEL

Chapter III presents the development of the model for
analyzing a éatiént's health. Included in this chapter are
the classification of the data, the check of the univariate
densities for normality, the check of the multivariate den-
sities for normality, the patient classification procedure,
the major contributors to the chi—square, the model outputs,

and the computer programming and hardware regquirements.
Classification of Data

To begin the development of the model, it is assumed
that the norms (i.e., norms being the mean vector and
covariance matrix) describing a person will vary with time
(i.e., a person's age). Therefore, to account for any pos-
sible variation, the population is divided into age groups.
In effect, age is considered an independent variable: it
being the only variable which affects the other variables,

but which is not affected by the others.

33
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As previously stated in the imposed constraints, only
a small portion of the population is less than twenty-one
and older than sixty-five. Thefefore, the following age
groups are selected: 20-24, 25-29, 30-34, 35-39, 40-44,
45-49, 50-54, 55-~59, and 60—64.

In collecting the data only employeés who had physicals
between January, 1970, and October, 1971, are considered.
For those employees who, because of their age, had more than
one physical during this time period, only their last
physical is considered.

The distribution of employées within the nine age
groups is given in Table I. Because of the relative small
number of patients in the first two age groups, these groups
are combined into one age group, thus giving eight age
groups. The sample sizes of the variables within each of

the eight age groups are given in Table II.
Check of Univariate Densities for Normality

Given a set of p-dimensional observations (xll, Xigsees
le)’ (x21, Xogs =ees X2p)' e, (an' Rpor «ovs xnp), the
problem is to determine if the joint probability density
function f(xl,xz, e, xp) is normally distributed. To

check the joint density for normality, the marginal distri-

butions f(x;) must be normally distributed. If the



TABLE I

DISTRIBUTION OF PEOPLE WITHIN AGE GROUPS

Age Group Number of People
20-24 15
25-29 81
30-34 444
35-39 655
40-44 654
45-49 819
50-54 644
55-59 318
50-54 195
Total 3825

35
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TABLE II

DISTRIBUTION OF VARIABLES WITHIN AGE GROUPS

Variable Age Group

20~ 30- 35— 40~ 45- 50- 55— 60~ Total
29 34 39 44 49 54 59 o4

Height 92 216 644 639 805 634 311 155 3496
Weight 92 216 645 639 805 634 312 155 3498
Actual/Ideal Weight 91 212 634 630 795 629 308 154 3453
Pulse 91 214 637 626 791 626 300 149 3434

Systolic Blood Press 92 215 644 638 801 635 309 155 3489
Diastolic Blood Press 92 215 644 638 801 635 309 155 3489

Arm Skin Folds 50 86 244 220 436 349 171 77 1633
Back Skin Folds 40 87 245 220 429 347 170 77 1615
Hematocrit 95 224 654 650 819 644 315 155 3556
White Blood Count 95 224 654 649 819 644 315 155 3555
Glucose 95 216 647 642 811 639 314 154 3518
Cholesterol 95 218 647 641 812 640 314 155 3522
Uric Acid 95 216 645 542 812 639 314 155 3518
SGPT 87 199 600 599 739 562 279 138 3203
Bilirubin, Total 96 224 655 654 819 544 318 156 3566
Urine Red Cells 55 106 314 299 530 431 205 84 2024
Urine White Cells 55 106 314 299 530 431 205 84 2024
Specific Gravity 96 221 648 643 806 632 307 155 3508
Urine PH 96 222 651 649 814 636 310 155 3533
Total Heart Diameter 49 88 256 236 448 354 177 78 1686
Thoracic Diameter 49 88 256 236 448 354 177 78 1686
T.D./Th.D. 49 88 256 236 448 354 177 78 1686
EKG Heart Rate 93 214 536 633 802 636 311 155 3480
PR Interval 49 87 256 231 447 359 178 77 1684
QRS Duration 49 87 255 231 447 358 178 77 1684
QRS AxXis 89 194 572 565 666 507 241 105 2939
Vital Capacity 23 24 87 98 242 159 88 45 766
Forced Expiration 23 24 87 98 242 159 88 45 766

Sample size 96 444 655 654 819 644 318 195 3825
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marginal distributions are not normally distributed, then
f(x) cannot be normal. However, if f(xi) is not normal, it
may be possible to find a transformation of the variable

such that the transformed values are normally distributed.

Graphical Approach

A graphical approach is initially used to assist in
checking the marginal distributions for normality. The
observations for each clinical variable for each age group
are first ranked in ascending order. The expected cumula-

tive probability is computed as

rank number

(6)

sample size + 1

Each valﬁe is then plottéd against its expected cumu-
lative probability on normal probability paper. From these
plots the appropriate tfansformations are chosen and the
data replotted. 1In the majority of instances the data is
replotted on log normal probability paper. Sample plots of
the distributions are given in Appendix B. From the plots
of the cumulative distributions, the transformations given
in Table III are necessary to make the appropriate f(xi)

normal,



TABLE IIT

TRANSFORMATION OF VARIABLES

38

X, Variable Trans formation
X, " Height None
X, Weight None
X4 Actual/Ideal Weigh Loge (X3)
X4 Pulse ' Loge(x4)
X Systolic Blood Pressure Logg (x5)
Xc Diastolic Blood Pressure Loge (xg)
X7 Arm Skin Folds Logg (%7)
Xg Back Skin Folds Loge(xs)
Xg Hematocrit None
X109 White Blood Count Loge(xlo)
X11 Glugpse Loge (xq17)
X12 Ch91esF§rol Logg (%73)
X13 Ur;c Acid Loge§x13;
b 4 SGPT Log (%

14 14
Xi5 Bi}irubin, Total JX15 X 5 + T
X16 Urine Red Cells TX1g X 1
X17 Ur?ne Whit§ gells . VX117 +4¥l7 T 1
X Urine Specific Gravity None

18 ;
X590 Total Heart Diameter None
X201 Thoracic Diameter None
Xoo T.D./ Th.D. None
X513 EKG Heart Rate. _Loge(x23)
X24 PR Interval Loge(x24)
Xo5 QRS Du;ation Loge(x25 + 10)
X595 QRS Ax1is None
X9 Vital Capacity None
X Forced Expiration Volume None
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After plotting the data on probability paper, the data
is edited to remove outliers. The rejection of an extreme
value (i.e., an outlier) has several possible consequences.
One is that the extreme value is due to a faulty observation.
The second is that some specific cause has given rise to the
extreme value.

The Chauvenet (12) criterion is used for accepting or
rejecting extreme values. For a given initial distribution

two theoretical values ¥, and ¥ are defined by

1 n
n F(il) = 1/2, and (7)
nf1- F(xn)]= 1/2. (8)

From these equations, given n, F(ﬁi) and F(;n) are
computed. These values establish a set of "limits" which
are used in rejecting ouﬁliers. Since the distributions
are normally distributed, or have been transformed to
approximate the normal, these values correspond to the
z-values in the normal distribution with mean zero and
variance one. Therefore, by knowing z, the limits for

accepting values are defined by
M - z[F(S'El)]C‘ , and (9)

M+ z[rE |0 (10)
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As a result of using the Chauvenet criterion, 501
outliers are deleted. A distribution of these outliers by

age group is given in Table 1IV.

TABLE IV

DISTRIBUTION OF UNIVARIATE OUTLIERS

Age Group Number of Percent of

Outliers Sample
20-29 30 1.8
30-34 41 1.2
35-39 72 0.7
40-44 67 0.7
45-49 106 0.7
50-54 84 0.7
55=59 71 1.2
60~-64 30 1.1
Total 501 0.8

Statistical Check for Normality

In addition to plotting each variable on the appro-
priate probability paper, and after the outliers are removed,
a more rigorous test for normality is performed. The test
is the Kolmogorov-Smirnov (K-S) test (13). This test is

based on the fact that the observed cumulative distribution
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of a sample is expected to be fairly close to the theoreti-
cal distribution. The goodness of fit is measured by find-
ing the point at which the observed distribution and the
theoretical distribution are the farthest apart and then
comparing this distance with the entry in a table of criti~
cal values which indicate whether such a large distance is
likely to occur.
If the distance is too large, the chance that the

distribution is actually the theoretical distribution is

very small. Mathematically, the K-S test is

]( K-S value. (11)

Max [F(x) theo - F(x) actual

For sample sizes greater than 50 and a level of signif-
icance of 0.05, the K-S value is 1.36/yn. For a level of
significance of 0.10 the K-S value is 1.63/¥n.

The results of the’K—S tests are given in Appendix C.
The means in Appendix C for those variables which are
transformed, are the transformed means. For example, the
actual systolic blood pressure for age group 20-29 is the
natural log of 4.71612 which is 112. Tables V and VI
contain the actual means and standard deviations for the

age groups.



TABLE V

AGE GROUP MEANS

Age group
- Clinical variable - - 20-29 30-34. .. . . 35-39. ... 40-44. 45-49 . 50-54 55-59 60-64
HEL3HT 704780 714209 714Cés 70435 704372 704415 700188 494693
wE [5HY . 1690250 ———178e95-—————L1800 167 1794038 17%.025 1784755 1797 j6————370+0%9
ACTuAL wEIGHTZIDEAL JEIGHTY 14682 10127 14137 teldy 1elb3 1415} telb? 10169
PyLsE - 71977 73478 73+506 744693 FLTY.LE) 740679 74,804 T4eB42 —
SYSTOLIC BLOOV PRESSUKE L12.48) 112,047 1134473 115.874 118,277 123.118 1244490 129,075
- DIASTOLIC BLUOD PRESSURE - - 090382 204516 12480 - 73e430 - TS elle mr - T6o#27 ~ - T802I I PPy 678
ARM SKiN FOLDS 10553 11963 11:59¢ 124157 11413 I11e419 11e717 10+507
BaCx SKIN FOLDS e - 150133 - 16734 17 ebRs 18e447 184358 17758 18274 T 4647
MEMATOCRIET 46,042 454032 44,845 45,024 45,128 45,295 454169 44.904
UHITE vlL00O COUNT . s e 450859~ 670790 -~ 6BeNOY 724916 71.078 12762 716950714585 -
GLUCUSE FASTING 824319 844892 B4e475 864639 844954 87.356 87964 90.710
CCHOLESTEROL -  + mom = cmee o e = 30R 0T 34220 Mb——— T2 F by - 235, TH G — 23973k 24 0317 —— 2900732 gt bE
URIC ALLD 5.043 Sed2) 499 Se072 4498 4s962 5¢039 5.C38
SGPT e J4e0bF b B OLB2— 44979 14767 1336} S 134084 1202921882
TOTAL BILIRYBIN 3.021 2.612 . 3.046 3el146 3.181 3.185 3.176 ey
URINE RED CELL COUNT PUTE YQENRPY  f [ RRISPOSpR ¥ ¢ b ¥ S o300 «023 « 028 10— «103 -~
URINE wHITE CeLL cOUNT 16370 1.990 1409 1e244 1edte 14325 14426 1e649
JURINE SPECIFIC GRAVTY . ... . -0 1047 1-+L146 G ie 1e016. 1a018 - . 1016 - a0l 1 .06
URI~E PH 64090 5.904 54925 54924 Se897 54850 5.R49 5.976
TOTAL HEART DIAMETER 120428 24505 m -} 24959 13¢360 13.368 13+505 13067 )~} 3e552
THORACIC UVDIAMETER 30.521 310394 3te42g Ile54p 31248 310444 31532 JlelH2
TOTAL BEART DIA/THORACIC OLAMETER .. o407 0398 e 42 . cH24- 428 o430 «433- eH3E - -
EKG MEART KATE 634565 654932 644908 664604 664790 67312 674462 654646
PR. IHTERVAL oo ccomm = o cmme e ~§ 50729 $5ebd T 16000960379 140488 184520 1 60528
QRS INTERVAL 74673 74590 74586 74495 < 74500 74582 Te747 74782
QRS AxliS 67667 604520 440406 40000 THeb28. 304384 - 280487204946
VITAL CAPACITY (V) 44940 5.0C4 44773 4.608 4e415 44362 4,043 3.805
ol M eChb D8NG debdn 34432 34354 3el04—-— 2,908

FORCED_EXPIRATION VOLUME (FEVI) .

A4



TABLE VI

AGE GROUP STANDARD DEVIATIONS

Age group

Clinical variable 20-29 30-34 35-39 40-44 45-49 50-54 55-59 60-64
HEIGHT 2.502 2,330 24377 2,447 2,325 2,355 2.355 2,319
—wElGny 244160 —22+61} . —23,886 234554 24.0823 234901 23.516 —23.07%
ACTUAL WEIGHT/IDEAL wWEIGHT 133 127 o130 o129 137 «136 »135 132
PULSE 8.215 Fe128 9455, 9,632 9.349 94257 . 94757 8,736
SYSTOLIC BLOOD PRESSURE 13,165 12.821 124569 149.211 164465 174420 19016 184173

— O A FOE B 000 PRESSURE—————— — 9218 .. —Fel868 —9.204 - 9,758 — - 104819 -—10.7HY - -—q0.384. --
AR#4 SKIN FULDS 5.063 5,301 54285 S.4B2 5.501 S,388 . S.033 4,457
—— BACK SKIN FOLDS - —rmm oo = om e e 63Nl -.64289 - -be8]3. T be182 6,682 - 6e589 -54786 —és410
HEMATOCRIT 2,047 2,316 2i268" 2,396 2.506 2.520 2,475 2,196
—— M TE— 500D COUNT REY. LT ~13eU55.. 4R 185 165, 4R7 . 14e946. 16,481 144359 —+3+816
GLUCOSE FASTING - 9.706 10.6R2 11.908 13.6842 124394 12.972 12,791 164752

CrotESTERGE -38,872 - .. —4de215 . . ATedBA— . 40,3R6 -—-41e08%......39.776. .-39.881 374298~ -
URI¢ aACID « 943 1,052 le121 lei27 1066 1.104 1elld t.020
- SGPY- . B,9R9 ~--848493 ~-Beb672 . 9.024% =T 4153 --Te}28 ~5.489 —8e4t?
TOTAL BILIRUBIN 24645 2,765 2,530 2,704 2,641 2,678 2,522 24517

e URINE--RED-CELL-COYUNT e 269 . .el38 -e 273 .000 «205 lbb «100 Y B

URINE WHITE CELL COyny 1.137 3.892 l1.680 te277. leb66 1459 1e428 le536

WE SPECIFlc GHAVITY . .005 ——s00A. el D5. . e . 4006 - «005. ....... 4005 «005 — o004 . -
URINE PH «695 «753 «756 0777 w821 «793 +832 « 800
e TOTAL HEART DIAMETER ~ -mvomm oo oo 1e471 —leQdB2 —3+379 1,409 . 1310 .14335 1.294 —le4463
THIRACIC UIAMETER 1517 1.457 1e761 1.822 14733 1e766 §4769 1.991
10T AL HEART DIA/THORACIC DIAMETER . o043 —e029. e @32 .338 +036 «039 036 036

EXG HEART RATE . 8,999 116137 104656 11.154 10778 11023 11e262 Fe362 .

PR TERVAL .- -1+898. 1393 —te98d 10835 - --—-2e108 ..—24178. —2e064 e

QRS INTERVAL 898 «781 844 YY) 0921 «993 14319 1,293
AR5 aX1S 2644698 290314 294997 30,436 314335 33,059 324550 31,855
VITal CAPACITY (VQ!? 337 «725 e 699 623 «659 0667 «609 0668
—FORCED—EXPIRATIOU VOLUME—(FEVEL— . 386, ——ebCY. -—-+585 - e509- 0563 587, . #5879 —e b2l

1584
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Check of Multivariate Densities for Normality

If the marginal distributions f(xi) are normal, or can,
through the appropriate transformation, be normal, then the
joint distribution £(x) may ofvmay not be normal. Therefore,
the joint distribution must be checked for normality.

Each of the age groups in the previous section has its
own mean vector and covariance matrix. Also each variable
within the age groups is normally distributed. To check
each of the joint distributions for normality, probability
plots (14) similar to the normal probability plots in the
univariate checks are used.

The gamma probability density function is

-1 - yz
f(y; £ B) = = Y e /5.

e

where  is a shape parameter, and /5 is a scale parameter.

(12)

The gamma distribution function is

Y
F(y;«,3) = 5 £(y; « ,/3)dy. (13)
0
Let Yy & Yo £ ... $'yn be an ordered random sample of

n observations. Let bl' bz, cees bn be appropriate chosen
fractions of the gamma distribution corresponding to the

y's. If Sz'i, i=1,2, ...,n satisfies

Il

F(i;’i;d,ﬂ) =b; i=1,2, ..., n, (14)
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and if the y's are a random sample from a gamma distribution
with parameters & and /3 , then the points (?i,yi) i=1,
2,...,n will fall along a straight line with slope one
through the origin.

Using the linear transformation x = /4(y - A) reduces

the gamma distribution to a standard form with /3= 1 to

X
(x: o , 1) fl T (15)
F(x;&,1) = TT—-—:: e ax. 15
o)
0]
If §i satisfies
F(xi;O(,l) = bi' (16)

then the plot of the points (xi,xi) i=1,2,...,n falls
along a straight line with slop equal to 1B .

IfX= p/2 andf3= 1/2, £(x;#,8) is a chi-square dis-
tribution with p degrees of freedom. The plot of (§;,xi)
then falls along a straight line with slope two.

The gquadratic form Q(x) of the multivariate normal den-
sity function follows a chi-sgquare distribution with p
degrees of freedom. Therefore, each patient in the age
group sample has a Q(x) value. These Q(x)'s correspond to
the §i in equation (16) and can be plotted using the gamma
probability plots for each of the age groups. The gamma

plots are given in Appendix D.
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The Chauvenet criterion is again used to eliminate

outliers from the multivariate normal distributions. As a
result of using the Chauvenet criterion, 63 outliers are
deleted. The distribution of these outliers for each age

group is given in Table VII.

TABLE VII

DISTRIBUTION OF MULTIVARIATE OUTLIERS

Adge Group Number of Percent of

Outliers Sample
20-29 3 0.5
30-34 2 0.4
35-39 10 5.3
40-44 8 4.7
45-49 15 4.2
50-54 11 4.2
55-~59 6 4.3
50-64 8 14.1
Total 63 4.9

After removing the multivariate outliers, the Q(x)'s
are replotted using the gamma probability plots. These

plots are also plotted in Appendix D by the symbol A .
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Grouping of Age Groups

It was initially assumed that the norms vary with age;
therefore, norms were developed for eight age groups. How=-
ever, since these age groups are arbitrarily assigned, it
may be possible to pool some of the groups. There are sev-
eral advantages to pooling the age groups. One obvious
advantage is a reduction in required computer storage.
Another advantage is that, by pooling similar age groups,

a larger sample is available to estimate the norms.

The pooling of age groups is divided into two areas.

The first area is the pooling of the mean vectors. The

second area is the pooling of the covariance matrices.

Pooling of Mean Vectors

Two approaches are used in attempting to pool similar
mean vectors. The first approach is cluster analysis while

the second approach is a chi-square test.

Cluster Analysis, Cluster analysis is a technique for

investigating the relationships of points in a multidimen-
sional space for the purpose of identifying those points
which tend to cluster together. Since the age groups are
arbitrarily selected, by using cluster analysis, it is

possible to identify those age groups which tend to have
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similar mean vectors. Therefore, those age groups for
which the mean vectors tend to cluster together can be com-
bined into a single age group.

The clustering technique which is used was developed
by Edwards and Cavalli-Sforza (15). From the analysis of
variance it is known that the sum of the squared distances
of points on a line from their mean can be partitioned,
when the points are classified into two groups, into two
within-groups sum of squares and a between-groups sum of
squares. Since all the quantities involved are squared
distances, it is evident that this is also true for points
in any number of dimensions, because these squared distances
can all be partitioned into squared distances along the
Cartesian axes, so that if the partition is possible along
each axis it is possible among‘the points as a whole.

Therefore, when points are divided into two clusters,
the sum of the squared distances from their mean can be
partitioned into the sum of the squared distances of the
points of one cluster from their mean, the similar sum for
the other cluster, and the between-clusters sum of squares.
This is nothing but a single classification analysis of
variance conducted in many dimensions. The natural criterion
for division is clearly the between-clusters sum of squares,

and the best split is that for which this sum is a maximum
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and the within-clusters sum of squares consequently a
minimum.

Continued splitting according to this criterion will
lead to a tree diagram. With each branching will be assoc-
iated a between-clusters sum of squares, which will be a
measure of the importance of the split. Further, since at
the end of this process each cluster contains only one
point, there is no within-clusters sum of squares left, and
the total of the sums of squares associated with each
branching must exactly equal the original sum of squares:
all the original variation is accounted for.

The Mahalanobis D2 is used to compute the measure of
the distance between paired age group mean vectors. Math-

ematically,

D, = (a )Y -4 (17)
where ¢ i and g . are the mean vectors for the ith and jth
J

age group, and y'l is the inverse of the common covariance
matrix.of the combined age groups.

The half matrix of the squared distances (i.e., Dijz)
is given in Table VIII. The sum of the D2 values in
Table VIII is 170.233; therefore, the sum of squares is
170.233/8, or 21.278. For example, in investigating the

split 1-2-3:4-5-6-7-8, the sum of sguares for the 1-2-3



TABLE VIII

D2 VALUES BETWEEN PAIRED AGE GROUPS

Age Group Age Group
20-29 30-34 35-39 40-44 45-49 50-54 55-59 60-64
20-29 5.636 7.865 10.775 14.058 14.568 21.638 25.222
30-34 0.792 2.233 3.942 4.705 8.821 12.156
35-39 0.546 1.472 2.089 5.237 8.022
40-44 0.543 0.854 3.249 5.807
45-49 - 0.234 1.564 3.509
50-54 1.136 2.730
55=59 0.820
60~564

0s
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cluster is (5.636 + 7.865 + 0.792)/3, or 4.764. For the
4-5-6-7-8 cluster the sum of squares is 20.446/5, or 4.089.
Therefore, the total within-clusters sum of squares 1is

4,764 + 4.089, or 8.853, and the total between~clusters sum
of squares is 21.278 - 8.853, or 12.425. All other possible
splits are similarily compared with the best split being

the one which maximizes the between-cluster sum of squares.

The best split is found to be 1-2-3:4-5-6-7-8 with a
within clusters sum of squares of 8.854 and a between-
clusters sum of squares of 12.425. By further splitting
these two clusters the final tree diagram in Figure 9 is
formed. .

The final clustering indicates that several possibil-
ities exist for pooling the mean vectors. For example, age
groups 30-34 and 35-39, 45-49 and 50-54, and 55-59 and 60-
64 could be pooled. Or, age group 20-29, 30-34, and 35-39
could be pooled.

Table IX gives the within-cluster sum of squares
expressed as percentages of the total sum of squares. The
sum of the percentages is 26.9 percent; therefore, 73.1
percent of the variation has been accounted for by the

arrangement of the tree diagram, which is very successful.



20-29
// 4,368 30-34
0.396
35-=39
12.425 40-44
(Between
cluster
sum of
squares) 0.426
0.117
\ 3.137
(Within 55-59
cluster
sum of
squares)
0.410
60-64

Figure 9. Clustering of Age Groups

45-49

50~54
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TABLE IX

SUMMARY OF CLUSTERING

53

Age Group Within-Cluster Percent of
Sum of Squares Total Sum
of Squares
20-29
30-34 4.764 22.4
35-39
40-44
45-49 0.543 2.6
50~54
55-59
60-64 0.410 1.9
Total 26.9
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Chi-Square Test. In testing for a significant differ-

ence in the mean vectors, it is assumed that the population
covariance is known. Therefore, the chi-square test (16)
for the differénce of means could be used. Eight age groups
have been defined; therefore, twenty-eight possible tests
between paired mean vectors are required.

If two samples (i.e., age groups) with mean vectors

Il

1 and gj and sample sizes n, and nj respectively, are drawn
from a multivariate normal population with a known covar-

iance matrix VY, the following hypothesis can be tested

H : M =M. (18)

2 n: n. S B |
= x ) . - %) ¥ (X, -%.).(19
X, E - %) ¥ (F -£).09)
f‘ i 2 hi d di ib d with
I HO 1is true,‘7(ijls chi-square istributed with p
degrees of freedom. - HO is accepted at the o« level if
2 { 2 and rejected if the statistic ex;eeds 2
Xij Xo(:p Xc(;p'
The computed chi-square values between paired age
group mean vectors are given in Table X. For &= 0.05 and
26 degrees of freedom the theoretical chi~square value is

38.9. Therefore, based solely on the chi-square tests, none

of the age group mean vectors can. be pooled.



TABLE X

CHI-SQUARE VALUES BETWEEN PAIRED AGE GROUP MEAN VECTORS

Age Group

Age Group 20-29 30-34 35-39 40-44 45-49 50-54  55-59 60-64
20-29 271.72 479.90 655.59 890.85 898,49 1180.45 1103.32
30-34 90.36 253.44 483.85 547.83 823.99 797.95
35-39 122,68 387.38 493.38 824.78 737.42
40-44 141.19 199.59 507.96 531.50
45-49 64.58 272.45 341.65
50-54 183.92 255.03°
55-59 63.99
60~-64

2
X (26) g o5 = 38.-9

SS
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However, the results of the cluster analysis indicate
that age groups 45-49 and 50-54 and 55-59 and 60-64 could
be pooled. The corresponding chi-square values for these
paired age groups are 64.58 and 63.99 which are the lowest
values in the table. After discussion with the medical
staff it was decided to pool these mean vectors because of
the favorable cluster analysis results and the doctor's
comments that 45 and 55 are good age breaks. 1In addition,

the pooling of these age groups reduces the required core,

Pooling of Covariance Matrices

A graphical approach (17) is used for testing the age

group covariance matrices for homogenity. It is known that

v
<>

' a
(n - 1) —

’ (20)

o
i<
|

£
5
0
a}
(]
<
i

population covariance matrix,

A
V = an estimate of V,

o
Ii

sample size, and

an arbitrary vector,

i
it

is distributed as the chi-square distribution with n-1
degrees of freedom.
Likewise, values of equation (20) from several inde-

pendent estimates of V would be from the same chi-square
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distribution. By observing the distribution of the values,

some indication would be given as to the homogenity of the

covariance matrix V. Quite obviously the selection of a

would influence the sensitivity of the discrimination.
Initially a = (1,1,...,1). Then for each of the eight

+ . ~ o,
age groups the value a V;a is computed, where V; is an
estimate of the covariance for age gro@p i. The value for

e .
a V a is computed as

i i (21)

In order to graphically display values from equation
(20), the chi-square variate is transformed to a normal

variate by the transformation

o = [a[(X) Y - a-2ew] Lo

where p = the degrees bf freedom (i.e., the rank of V).

The ui's are normally distributed with meain zero and
variance one. These ui's are.then ranked in ascending order
and plotted on normal probability paper.. Nonhomogenous age
groups should appear as outliers on the plot.

The plots of thekui's for a = (l) are given in Figure
10. The data for generating Figure 10 is given in Table XI.
Since the u,'s are N(0,1), the (ui's)2 are chi-squared

1

distributed with eight degrees of freedom. 1In Table XI the
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2 _ . : 2 _
sum of ui = 15.46 which is less than'x (8)0(= 0.05 = 15.5.

Therefore, all the age group covariances could be con-

sidered homogenous.

DATA FOR TESTING HOMOGENITY OF COVARIANCES (a’

TABLE XI

=l)

Age Group u, u_2

i 1
20-29 0.37 0.14
30-34 -1.87 3.50
35-39 -1.60 2.56
40-44 -0.17 0.03
45-49 0.81" 0.66
50-54 1.82 3.32
55-59 1.94 3.76
60-64 -1.22 1.49

However, greater discrimination could be obtained by

making a equal to the eigenvector of the largest eigenvalue

of the pooled covariance matrix.

The results are given in

Figure 11. The data for generating Figure 11 is given in

Table XII. The sum of the ui

2

= 19.58 which is greater

than )(2(8%‘= 0.05 = 15.5. Therefore, the age group covar-

iances are not homogenous.
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TABLE XII

DATA FOR TESTING HOMOGENITY OF COVARIANCES
(a = EIGENVECTOR OF LARGEST EIGENVALUE)

Age Group u, u,2
i i

20-29 -1.21 1.46
30-34 0.21 0.04
35-39 1.08 ' l.16
40-44 0.84 0.71
45-49 1.91 3.64
50-54 2,60 6.75
55-~59 1.63 2,66
50-64 1.78 3.16

Referring to Figure 11 it appears that age groups

61

20-29 and 30-34 could possibly be pooled as well as several

older age groups. Several combinations were run with. the
best results being the pooling of age groups 50-54, 55-59,
and 60-64. The results are given in Figure 12. The data
for generating the figure is given in Table XIII.

2

The sum of u,“ for the first five age groups is 7.01

which is less than XZ(S)K= 0.05 = 11.1. The sum of ui2

for the last three age groups is 2.55 which is less than

2 .
3 = 7.81; therefore, age 50-64 is homogenous.
X ( )o(= 0.05 ° °
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TABLE XIII

DATA FOR TESTING HOMOGENITY OF POOLED COVARIANCES
(2 = EIGENVECTOR OF LARGEST EIGENVALUE)

Age Group u, ui2
20-29 -1.21 1l.46
30~-34 0.21 0.04
35-39 1.08 1l.16
40~44 1.91 3.54
45-49 1.24 1.54
50-54 -0.48 0.23
60-64 -0.28 0.78

Selected Age Groups

The pooling of the age group mean vectors resulted in
the following age group mean vectors: 20-29, 30-34, 35-39,
40-44, 45-54, and 55-64. The new mean vectors for the last
two pooled age groups are given in Appendix C.

The pooling of the age group covariance matrices
resulted in the following age group covariance matrices:
20-29, 30-34, 35-39, 40-44, 45-49, and 50-64., Listings of
these covariance matrices are given in Appendix E.

The multivariate check of age groups 50-54 and 55-64

using the pooled covariance matrix is given in Appendix D.
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In general, the pooling of the older age groups did result
in a better fit of the data to the multivariate normal.
The correlation between two clinical variables x and

xj is defined as

i s E (23)
Sy

|

where Cxi xj

0%, 0%,

covariance of X and xj, and

]

is the standard deviation of Xi and xj.
The correlations between the clinical variables when
all the age groups are combined are given in Table XIV., 1In

testing the hypothesis that /o_j = 0, the test statistic
i

L.dan - 2
t ek (24)

is used which has a t-distribution with n-2 degrees of free-
dom. Those correlations in Table XIV which are greater than

[0.04] are significant at the one percent level.
Patient Classification Procedure

The age groups have been defined and the corresponding
norms for each age group established. The next step is to
develop a procedure for comparing a patient's set of clini-
cal values against the predefined age group norms. Two

statistical tests are used for classifying a patient as



TABLE XIV

POOLED CORRELATIONS BETWEEN VARIABLES
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o 3 < [ 1) o] L 2] = [] 3] =] ] ] =] =] [5) o 3] B [N a a > fu
Height 1.00 ,47-.02~-.04 .04 .04 .04 .05 .00-.,04-,04-.06 ,01-,01-.02-,00 .02 .01 .01 .12 ,37-.11-.05 .06 .07 .07 .45 .39
Weight 1.00 .86 .00 .25 .26 .34 .51 ,03-,01 .08 .03 .11 .18 .05 .02 .01 .08-.02 .54 .56 ,26-.01 .07 .03-,20 .18 .20
Actual/Ideal Weight 1.00 .02 .26 ,27 .38 .58 .03 .01 .12 .07 .12 .22 .06 .03-,01 .08-,.03 .56 .43 .37 .0l .06~,00-.28-.05 .01
Pulse 1.00 .17 .17 .03 .03 .17 .18 .06 .08 .05 .12 ,02-.00 .03 ,02-.00-.04-.00-.04 .70~,13-.03 ,02~,09-.09
systolic Blood Preassure 1.00 .72 .07 .16 .08 .05 .08 .03 .03 .12 .16 .01 .04~.02 .03 .26 .13 .21 .26-.02 ,04-.13-.05~.02
Diastolic Blood Pressure 1.00 .08 .19 .13 .03 .04 .03 .01 .10 .16 .01 .06-.00 .01 .24 .13 .19 .21 .01 .04~.16-.03-.01
Arm Skin Polds 1.00 .55 .01-.02 .09 .07 .16 .10-.04 ,01-,04 .06 .01 .14 .11 .09 .07 .04 .01-.11 .00 .06
Back Skin Folds 1.00 .06~-.01 .12 .04 .10 .07 .04 .02~.01 .04~.04 .34 .17 .28 .04 .03~.01~.19~.09-.03
Hematocrit 1.00 .23 .06 .12 .03 .08~,07 .02 .00 .01 .03-.01 ,03-,03 .16-.07-.01-.01-,08-.08
wWhite Blood Count 1.00 .07 .11 .02 .04~.12 .02-.01-.03 .04 .00 .0l-.00 .21-,08-.07 .01-.05-.08
Glucose 1.00 .14 .17 .16-,07-.01-.08-,00 .03 .10 .07 .07 .09-.04 .04-.03~,06-.03
Cholesterol 1.00 .16 .17-.16~-.01-,05 .03~.02 .04-.01 .06 .08-.06 .01-.03-.12-.17
Uric Aciad 1.00 .11 ,03-,03-,09 .04-.03 .05 .06 .0l .05-.01-,01-.03 .02-.01
SGPT 1.00 .10-.01 .03 ,03-.08 .10 .08 .07 .16~.02 .,03~.06~.05-.03
Bilirubin, Total 1.00~-,04 .29-,05-.06 .01-.00 .01 .01 .04 .03 .00 .07 .08
Urine Red Cells 1.00 .10 .02 .02 .01 ,00 .00 .00 .01~.05-.03=-.05-.05
Urine White Cells 1.00 .12-.03-.02~,02-,00 .03-.06 .01-.00-.01 .0l
Specific Gravity 1.00-,14 .05 .03 .04 .02-.04-.00-.05-.03-.02
pH 1.00 .03 .05 .00 .02 .02 .04 .02-,02-.03
Total Heart Diameter 1.00 .48 .83-,07 .10 .06-~.25-.05 .01
Thoracic Diameter 1.00-.08-.03 .08 .06-.09 .41 .33

T.D./TH.D.

EKG Heart Rate

PR Interval

QRS Duration

QRS Axis

Vital Capacity

Forced Expiration Volume

1.00-.05 .06 .04-.24-.32~.21
1.00~.15-.04 .03~.06~.06
1.00-.01-.10 .07 .12

1.00 .00 .00 .01

1.00 .07 .01

1.00 .76

1.00

S9
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either normal or abnormal: a univariate test and a multi-

variate test,

Univariate Test

The univariate test consists of independently com-
paring each of the patient's clinical values against the
appropriate age group norms. The following hypothesis is
tested for each of the patient's values:

H : The patient is normal with & being
the probability of rejecting H
when it should be accepted.

Each of the p variables for each of the age groups is
normally distributed with a mean and variance. Therefore,

the z-test statistic is used

X~ M (25)

If |z|( z“yz,lﬂ)ls accepted and the patient is
classified as normal. On the other hand, if |Z|>' Zgg/o
then Ho is rejected and the patient is classified as abnor-

mal.
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Multivariate Test (1l1)

It was initially assumed that age and sex were the
only independent variables which possibly affect the other
variables but are not affected by the other variables.
However, height and weight can also be considered indepen-—
dent variables. Therefore, the multivariate normal density
function must be made a conditional density function to
height and weight.

X has been defined as a (p x 1) vector which is nor-
mally distributed with mean g4 and covariance V. X can be

partitioned into two subvectors such that

X
x = 1, (26)
X2
where El is. the set of clinical variables (x3, Kps eoey xp)
and x, is the set of clinical variables (xl and x2).
Also,
* X
x ="}, (27)
=2

*
where 52 is the set of specific values of the patient's

*

*
clinical variables x1 and x2.

The corresponding partitions of the mean vector and

the covariance matrix are
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le 212
M= , and Vv = . (28)

Vv \4
2, Y21 Y22
*

Then the conditional distribution f(zllgz) of the

(p-2 x 1) vector x given the (2 x 1) vector x, = x., is a

1’ 2 =2’

multivariate normal distribution with mean

-1 *
, + Y5 ¥y (2, - 22) ' (29)
and covariance
\ v._v. vy (30)
—11 —12 —22 —21°

It is possible that values may have not been obtained
on all the clinical variables for a patient. Several rea-
sons for not having the clinical values are failure to
input the values into the data base, failure of a particu-
lar test, or that the particular test was not conducted. In
these instances where there are missing values, the (p - 2)
vector containing the values of the patient's clinical
variables would have some missing values., It should be
noted that if the patient's height and weight are missing
the test for normality cannot be made.

Since x is normally distributed with mean 44 and covar-
iance V, then any subset of s{p is a s-variate normal den-

sity function.
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Mathematically, if

X = ' (31)

where X is a vector containing s of the elements of x, then
x is a s-variate normal density function. The subset x
could contain the values of those patient's variables which
are known, while the subset x, could contain those patient
values which are missing.

The probability that x lies inside the p-dimensional

ellipsoid is given by the inequality

-1
-4 vV (x-m & c, (32)

where ¢ is a known constant.

The quadratic form of the multivariate normal distri-
bution has a chi-square distribution with p degrees of free-

dom, where p is the rank of the covariance matrix V. There~

fore,

1

' . 2
(x -p) ¥ (x -p0~) (D). (33)

2 .
Now 1etXl_°( (p) be defined as the upper 100(1 - o)
percent of the chi~square distribution. Therefore X]z_ o (p)

can be subsituted for c in the above inequality giving

¢ -1 2
- v x -un)¢ ) 34
x-m v (x -m) Xl_ (p) (34)



70

Since the conditional distribution f(gllgz) has been
defined, the above inequality would appear as follows when

the conditional mean and covariance are substituted

-1 -1
{-’51 [+ ¥, 5,7 & - E2)]} V11 - Yo Yy Yyy)

fx) - [oy + 9, 9,7, - gzﬂ}sﬁv_o‘ (p-2).  (35)

The hypothesis for testing that the patient is normal
can now be stated as
H : The patient is normal with & being the
° probability of rejecting Ho when it
should be accepted.
If the value of the above inequality is less than or
2
equal to Xl % (p-2), H, is accepted and the patient is
considered normal. On the other hand, if the above inequal-
2
ity is greater than xl o (p-2), Ho is rejected and the

patient is considered abnormal.

Major Contributors to Chi-Square Value

Morrison (16) in the development of the linear dis-
criminant function

y=(x-m v =z (36)

states that if the variances of the variables are nearly
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equal, the coefficients

b=V (x-m) (37)

give a relative importance of the contribution of each

2
measurement to the )( statistic.
Model Outputs

Three basic outputs have been designéd to provide the
physician with a useful tool to assist him in analyzing a
patient's health. These three outputs'are: 1) the patient
health profile, 2) the patient longitudinal drift, and
3) the patient summary. Each of these outputs is discussed

in the following paragraphs.

Patient Health Profile

The patient health profile is the principle output and
is the primary concern of this research. The mathematics
associated with the development of a patient's health pro-
file has been thoroughly discussed in the previous sections
of this chapter.

Several patient health profiles are presented in
Figures 13, 14, and 15. The univariate test consists of
checking if any of the twenty-six variables fall outside the

95 percent confidence limits. The multivariate test
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involves comparing the patient's actual chi-square value
with the theoretical chi-square value for & = 0.05Vand the
appropriate degrees of freedom.

The patient's profile in Figure 13 is classified nor-
mal since he passed both the univariate and multivariate
tests. His chi-square value is 20.58 which is less than
the theoretical chi-square value of 38.90. The major con-
tributors to the patient's chi-square value are his high
total heart diameter, low FEVl, and low hematocrit.

The patient's profile in Figure 14 is definitely ab-
normal since he failed both the univariate and multivariate
tests. His chi-square value is 71.16 which is greater than
the theoretical chi~square value of 38.90. The patient's
glucose and QRS duration are greater than the two sigma
limits and his FEV, is less than the two sigma limits. The
major contributors to his chi-square value are a low FEVl,
high QRS duration, and high EKG heart rate.

The patient's profile in Figure 15 is more interesting.
This patient passed the univariate test; however, because
of the correlation pattefn existing between his variables,
failed the multivariate test. It is in these instances
that, even though the patient's values are within limits,
there is something that may be severly abnormal. ALooking at

the major contributors to the chi-square value indicates
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that the patient has a low T.D./TH.D. ratio, a low choles-
terol, and a high bilirubin. This additional information
should provide the physician with a starting point in diag-

nosing the patient.

Patient Longitudinal Drift

An output of the patient health profile is his chi-
square value. This value can be considered as a composite
measure of the patient's health which takes into considera-
tion all the variables and the correlation pattern between
the variables. Therefore, this single value could be used
to trace the patient's drift over time; that is, from exam
to exam. A typical plot of this composite value over time

is given in Figure 16.

Patient Summary

As an additional tool to assist the physician in
analyzing a patient's health, it is desirable that the phy-=
sician have some type of summary of the patient's medical
file. One such type of patient summary, using the Medical
Center's data base, is the six page report in Tables XV
through XX.

The first page (Table XV) of the report contains the

patient's personal data. This data is from the history form
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TABLE XV

PATIENT SUMMARY-PERSONAL DATA
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TABLE XVI

PATIENT SUMMARY-PRIOR ABNORMALITIES
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TABLE XVII

PATIENT SUMMARY-PHYSICAL EXAMINATION
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TABLE XVIII

PATIENT SUMMARY-DOCTOR'S COMMENTS
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TABLE XIX

PATIENT SUMMARY-LABORATORY RESULTS
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which is completed at the patient's first visit and there-
after updated when necessary. The patient history data
includes job status, any present medications, smoking
habits, any family history of diabetes and heart disease,
and a list of diagnosis codes describing his previous
health.

The second page (Table XVI) of the report summarizes
the patient's prior abnormalities as diagnosed by the phy-
sician. For this particular summary, the patient has had
four physicals. On his first exam he was diagnosed as
having an ill-defined heart disease, a congenital anomaly of
the eye, and an other disease of the intestines and perito-
neum. On his second exam he was diagnosed as having a con-—
genital anomaly of the eye. On his third exam he had a
displacement of an intervertebral disc. His fourth exam
indicated a displacement of the intervertebral disc and a
congenital anomaly of the eye.

The third and fourth pages of the patient summary pre-
sent the detailed results of the physical examination. In-
cluded on the third page (Table XVII) are the patient's phy-
sical characteristics, vision, proctoscopic findings, and
the physician's diagnosis. The fourth page (Table XVIIT)
contains the doctor's opinion of the general characteris-

tics of the patient and the summary x-ray results.
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The fifth (Table XIX) presents the patiént's detailed
laboratory results. It is from the lab results that the
majority of the values are taken for determining a patient's
health profile. 1Included on the fifth page are the results
of the blood analysis, urine analysis, chest x-ray, elec-
trocardiogram, and pulmonary functions.

The sixth andllast page (Table XX) of the patient sum-
mary contains the data from the occupational statistics
form. This page is a summary of all the patient's visits,

both scheduled and nonscheduled, to the Medical Center.
Computer Programming and Hardware Requirements

A set of five computer programs have been written to
define the age group norms. These programs make extensive
use of existing statistical routines. All the routines are
written in FORTRAN for the Univac 1108 computer. Maximum
core requirements are 45K words (36 bits per word). The
maximum number of tape drives is two for ihput and one for
output.

In addition to the programs for defining the age group
norms, three programs have been written to output the re-
sults of a patient analysis. These three programs corre-
spond to the three outputs presented in Figures 13 through

16 and Tables XV through XX. A generalized flow diagram
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of the computer requirements for using these three programs
is given in Figure 17. All the programs are written in
FORTRAN for the Univac 1108. Each of these programs is
briefly discussed in the following paragraphs.

The program for computing the health profiles requires
40K of core. The core can be reduced to 25K if single pre-
cision is used. Two tapes are required as input. Compila-
tion time for the program is 45 seconds. A patient health
profile can be computed in ten seconds.

The program for plotting the patient longitudinal
drift requires 7K of core. Compilation time is two seconds.
Execution time per plot is one second.

The patient summary is created directly from the medi-
cal data base. Two tapes are required for input. Compi-
lation time is 20 seconds. Execution time is six seconds

per patient summary.
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CHAPTER IV

TEST AND EVALUATION

Chapter IV presents the testing and evaluation of the
model. 1Included in this chapter are the test procedures,
the analysis using the original sample, and the analysis

using the independent sample.

Test Procedure

The testing of the model consists of two steps. The
first step is the taking of a random sample from the data
originally used to develop the age group norms. The

patients selected from this sample are then compared with

the defined age group norms and classified as either normal

or abnormal.

The second step in testing the model consists of taking

a random sample from an independent data source. These
patients are also compared with the age group norms and

classified as either normal or abnormal.



89

Analysis Using Original Sample

The first step in the analysis consists of taking a
random sample of 923 patients from the population of 3825
patients. Ninety-five percent confidence limits are estab-
lished for classifying a patient as normal or abnormal.

That is, there is a five percent chance of classifying a
patient abnormal when he is actually normal (i.e., a false
positive classification). This false positive must be
balanced against classifying a patient normal when he is
actually abnormal. This is a more serious error and is
commonly referred to as a false negative classification.

From a medical point of view, a false negative classi-
fication is of more concern. The risk.of a false negative
can be decreased at the expense of increasing the number of
false positives. However, from an economical point of view,
it may be infeasible and impractical to decrease the number
of false negatives by increasing the risk of false positives.

Therefofe,.there must be a tradeoff between the two.

Model's Classification

The results of the model's classification is given in
Table XXI. From the table 58.3 percent of the patients have

one or more clinical value falling outside the 95 percent
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confidence limits. On the other hand, 16.9 percent of the
patients have a chi-square value greater than the theoreti~
cal chi-square for a level of significance of = 0.05 and
the appropriate degrees of freedom. The number of degrees
of freedom vary with each patient depending on the number

of missing values.

TABLE XXI

RESULTS OF MODEL'S CLASSIFICATION
USING ORIGINAL SAMPLE

95 percent Multivariate
Chi-square Test

Normal Abnormal Total

95 Percent Within 374/40.5% 11/ 1.2% 385/ 41.7%
Univariate
Confidence

Limits Outside 393/42.6% 145/15.7% 538/ 58.3%

Total 767/83.1% 156/16.9% 923/100.0%

Notice that 1.2 percent have no values falling outside
the 95 percent univariate confidence limits: but, because of
the correlations between the variables, have a chi-square
value greater than the theoretical value (i.e., pass the

univariate test but fail the multivariate test). Likewise,
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42,6 percent have one or more value falling outside the 95
percent confidence limits, but have a chi-square value less
than the theoretical value (i.e., fail the univariate test
but pass the multivariate test).

The cumulative distribution of the chi-square values
for those patients having values recorded for all twenty-
eight variables is given in Figure 18. From this figure it
can be seen how the number of patients classified as abnor-
mal increase as alpha is increased. For example, those
patients who fall between {= 0.05 and ®= 0.25 could be
classified as borderline cases which may be classified as
abnormal at the time of their ﬁext physical. It is for
these patients who are borderline cases that a plot of the
patient's chi-square values from exam to exam could be
helpful in possibly detecting a trend toward abnormality
before it actually occuré. Such a plot is shown in Figure

16 in Chapter III.

Model's Classification Versus Doctor's Diagnosis

In order to validate the results of the model's classi-
fication, the results of the examining medical doctor's
diagnosis are used to compare the model's classification
with the doctor's diagnosis. At this point it is assumed

that if the patient's medical record for a specific exam
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contains one or more diagnosis codes, the patient is abnor-
mal, regardless of the specific diagnosis. Likewise, a
patient with no diagnosis codes is assumed normal.

It is further assumed that if a patient fails either
the model's univariate or the multivariate test (or both),
the patient is abnormal. Likewise, if a patient passes both
the univariate and the multivariate tests he is normal.

The results of the comparison is given in Table XXITI.
From the table 26.8 percent of the patients who are diag-
nosed as normal by the doctor are also classified as normal
by the model. Likewise, 40.1 percent of the patients who
are diagnosed as abnormal by the doctor are also diagnosed
as abnormal by the model. This is equivalent of saying,
that for 66.9 percent of the sample, the model agreed with
the doctor, ahd for 33.1 percent the model disagreed with
the doctor.

To test for any agreement between the model's resuits

and the doctor's diagnosis, the following hypothesis is

defined
H : The diagnosis resulting from the model's
° classification is independent of the
doctor's diagnosis.
Or,
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TABLE XXII

MODEL'S CLASSIFICATION COMPARED WITH
DOCTOR'S DIAGNOSIS (USING
ORIGINAL SAMPLE)

Doctor's Diagnosis

Normal Abnormal Total

Normal 247/26.8% 127/13.7% 374/ 40.5%
Model's

Classification
Abnormal 179/19.4% 370/40.1% 549/ 59.5%

Total 426/46.2% 497/53.8% 923/100.0%

To test Ho the chi-square test (18) is computed as

X -3 %L gy =0 Bs BT
(2"]-) (2—].) i=1 j=1 n ﬁi. ﬁ.j
2 i = T . /n) 2
DD M Bl AR MPED
i=1 j=1 Ty, T 4/m
where x,. = the observed frequencies,

ﬁ's = the expected proportions, and

=
0
i

the expected frequencies.
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Using the data in Table XXII a chi-square value of 99.2
is computed which is greater than the theoretical chi-square
value of 3.84 for O = 0.05 and one degree of freedom.
Therefore, Ho is rejected and there is a dependence between
the model's classification and the doctor's diagnosis.

Although there is a dependence between the doctor's
diagnosis and the model's classification, for 33.1 percent
of the patients there is a disagreement between the doctor's
diagnosis and the model's classification. The model classi-
fied 19.4 percent of the sample as abnormal while the doctor
diagnosed the patients normal. A more serious disagreement
is that the model classified 13.7 percent of the sample

normal while the doctor diagnosed them abnormal.

Model's Classification Versus Patient Diagnosis

It is of value to further study the 923 patients to
determine the prevalence of diseases among this sample. By
referring to the patient medical records it is possible to
tabulate, based on the doctor's diagnosis, the prevalence
of various diseases. The seventeen major classifications
of diseases, as defined by the U.S. Department of Health,
Education, and Welfare (19) are used rather than the entire
list of one thousand diagnoses. The distribution of dis-

eases for the 923 patients is summarized in Table XXIII.



TABLE XXIIT

PREVALENCE OF DISEASES FOR ORIGINAL SAMPLE

26

Major Disease Group

Prevalence
(percent)

000-136
140-239
240-279

280-289

290~315
320-389

390-458
460~519
520-577
580-629
630-678

680~709

710~738

740-759
760-779

780-~796
800-999

Infective and parasitic diseases 1.8
Neoplasms 2.3

Endocrine, nutritional, and metabolic
diseases 42.1
Diseases of the blood and blood forming
organs 0.1
Mental disorders 1.4
Diseases of the nervous system and

sense organs 15.8
Diseases of the circulatory system 23.2
Diseases of the respiratory system 4.9
Diseases of the digestive system 9.3
Diseases of the genitourinary system 6.4
Complications of pregnancy, childbirth,

and the puerperium 0.1
Diseases of the skin and subcutaneous

tissue 3.1
Diseases of the musculoskeletal system

and connective tissue 10.1
Congenital anomalies 1.5
Certain causes of perinatal morbidity

and mortality 0.5
Symptoms and illdefined conditions 1.5
Accidents, poisonings, and violence 2.4

sample size 923
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It is of interest to determine what percentage of
those patients, who the doctor diagnosed as having a partic-
ular disease, are also classified as abnormal by the model.
This should give an indication as to the accuracy of the
model in detecting particular diseases. This comparison
is given in Table XXIV.

It should be noted that the number of diagnoses does
not agree with the sample size. This is because a patient
may have more than one diagnosis. The data in Table XXIV
only represents the doctor's diagnosis. If the doctor
failed to identify a disease, then the patient is considered

normal as far as having that disease.

Correction for Nondetectable Diseases

During the comparison of the model's classification
with the doctor's diagnosis, it was noticed that the diag-
nosis for obesity (code 277) varied considerably among
physicians. Each physician's diagnosis of obesity is
summarized in Table XXV, After discussion with the medical
staff, it was decided to ignore the obesity diagnosis in
comparing the model's classification with the doctor's

diagnosis.



TABLE XXIV

COMPARISON OF MODEL'S CLASSIFICATION

VERSUS PATIENT DIAGNOSIS

Major Disease Group Number of Patients Total
Normal by Abnormal by
Model and Both Model
Abnormal by and Doctor
Doctor
000-136 Infective and parasitic diseases 8/ 47.0% 9/ 53.0% 17/100.0%
140-239 Neoplasms 7/ 33.3% 14/ 66.7% 21/100.0%
240-279 Endocrine, nutritional, and
metabolic diseases 131/ 33.8% 257/ 66.2% 388/100.0%
280-289 Diseases of the blood and
blood forming organs 0/ 0.0% 1/100. 0% 1/100.0%
290-315 Mental disorders 1/ 7.6% 12/ 92.4% 13/100.0%
320-389 Diseases of the nervous system
and sense organs 46/ 31.5% 100/ 68.5% 146/100.0%
390-458 Diseases of the circulatory system 52/ 24.2% 162/ 75.8% 214/100.0%
460-519 Diseases of the respiratory system 18/ 40.0% 27/ 60.0% 45/100.0%
520-577 Digeases of the digestive system 32/ 37.2% 54/ 62.8% 86/100,0%
580-629 Diseases of the genitourinary
system 18/ 30.5% 41/ 69.5% 59/100.0%
630-678 Complications of pregnancy,
childbirth, and the puerperium 1/100.0% 0/ 0.0% 1/100.0%
subcutaneous tissue 14/ 48.2% 15/ 51.8% 297/100.0%
710-738 Diseases of the musculoskeletal
system and connective tissue 28/ 30,1% 65/ 69.9% 93/100.0%
740-759 Congenital anomalies 5/ 35.8% 9/ 64.2% 14/100.0%
760-779 Certain causes of perinatal
morbidity and mortality 0/ 0.0% 5/100.0% 5/100.0%
780~-796 Symptoms and illdefined conditions S/ 35.8% 9/ 64.2% 14/100.0%

800-999

Accidents, poisonings, and violence 9/ 40.9%

13/ 59.1%  22/100.0%

98

Total 375/ 32.1%
Number of patients 127

793/ 67.9% 1168/100.0%
370
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TABLE XXV

COMPARISON OF OBESITY DIAGNOSIS.

Physician Number of Number Percent
Patients Diagnosed Diagnosed
as Obese as Obese
1 154 22 14.2
2 414 95 22.9
3 608 103 16.9
4 344 6 1.7
5 457 177 38.7
Total 1977 403 20.4

To this point no mention has been made during the test
and evaluation concerning the possible diseases or abnor-
malities that the 28 variables could possible detect. 1In
fact, to this point in the test and evaluation, it has been
assumed that the variables could detect all diseases.

Quite obviously the model is not capable of detecting
all the one thousand diagnosis codes (Reference 19). 1In
fact only a small number of the diseases are detectable
when a diagnosis is based solely on the 28 variables. After

discussion with the medical staff, the following



disease classes were decided as detectable by the model's

variables:
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16.

X7,
18.
19,

20.

Diseases of thyroid gland 240-246

Diseases of other endocrine glands 250-258
Avitaminoses and other nutritional deficiency
260-269

Other metabolic diseases (excluding obesity)
270-279

Diseases of the blood and blood forming organs
280-289

Active rheumatic fever 390-392

Chronic rheumatic heart 393-398

Hypertensive disease 400-404

Ischemic heart disease 410-414

Other forms of heart disease 420-429

Diseases of veins and lymphatics, and other
diseases of circulatory system 450-458
Pneumonia 480-486

Bronchitis, emphysema, and asthma 490-493
Other diseases of respiratory system 510-519
Appendicitis 540-543

Diseases of liver, gallbladder, and pancres
570=577

Nephartis and nephrosis 580-584

Other diseases of urinary system 590-599
Internal injury of chest, abdomen, and pelvis
860-869

Adverse effects of medicinal agents 960-979.
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The sample of 923 patients is then screeneld to remove

those patients who do not have a diagnosis corresponding to

one of the classes listed above.

In addition, patients who

have only an obesity diagnosis and no other diagnosis are

removed from the sample.

Based on this screening the sample reduced to 743
patients.

Table XXVI.

The revised model's classification is given in

As expected, these values vary slightly from
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the original sample. From the table 52.5 percent of the
patients have one or more clinical value falling outside
the 95 percent confidence 1imits. Also 18.1 percent have a
chi-square value greater than the theoretical chi-square
value for a level of significance of {= 0.05 and the

appropriate degrees of freedom.

TABLE XXVT

RESULTS OF MODEL'S CLASSIFICATION USING
ORIGINAL SAMPLE (BASED ON ONLY THOSE
DIAGNOSES POSSIBLE FROM
THE 28 VARIABLES)

95 Percent Multivariate
Chi-square Test

Normal Abnormal Total

95 Percent Within 342/46.0% 11/ 1.5% 353/ 47.5%
Univariate

Confidence
Limits Outside 267/35.9% 123/16.6% 390/ 52.5%

Total 609/81.9% 134/18.1% 743/100.0%
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The revised comparison of the model's classification

with the doctor's diagnosis is given in Table XXVII. From

the table for 63.1 percent of the sample the model agreed

with the doctor and for 36.9 percent the model disagreed

with the doctor.

There is no noticeable difference in

these percentages with the percentages in Table XXII. A

similar test for testing the dependence between the model's

classification and the doctor's diagnosis indicates that

there is a dependence.

TABLE XXVII

MODEL'S CLASSIFICATION COMPARED WITH
DOCTOR'S DIAGNOSIS (BASED ON

ONLY THOSE DIAGNOSES POSSIBLE

FROM THE 28 VARIABLES

Doctor's Diagnosis

Normal Abnormal

Total

Model's
Classification

Normal

Abnormal

247/33.2%  95/12.8%

179/24.1% 222/29.9%

342/ 46.0%

401/ 54.0%

Total

426/57.3% 317/42.7%

743/100.0%
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Table XXVIII gives an indication as to the accuracy of
the model in detecting particular diseases. Based on the
doctor's diagnosis, the sample of 743 patients consists of
426 normal and 317 abnormal patients. The 317 abnormal
patients have 376 diagnoses which could possibly be de-
tected by the model's variables. The model successfully
classified 222 of the 317 (70.2 percent)‘as abnormal.

These 222 patients have 261 diagnosis codes or 69.5 percent
of the 376 diagnoses for the sample.

For those diseases having a frequency of ten or more,
the model was able to detect over seventy percent of the
abnormalities for diagnosis codes 240—%?6, diseases of the
thyroid gland; 250-258, diseases of other endocrine glands;
400-404, hypertension; and 450-458, diseases of veins and
lymphatics, and other diseases of the circulatory system.
The model was also able to detect over sixty percent of the
abnormalities for diagnosis codes 410-414, ischeuwic heart
disease; and 420-429, other forms of heart disease.

Of the eight diagnoses for a disease of the respira-
tory system (510-519), the model was only able to detect
three, After discussion with the medical staff, it was con-
cluded that the adding of several additional variables
should reduce this error. The first variables expresses

FEV] as a percentage of vital capacity. The second variable



TABLE XXVIII

COMPARISON OF MODEL'S CLASSIFICATION VERSUS PATIENT

DIAGNOSIS (USING INITIAL SAMPLE)
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Major Disease Group Number of Patients Total
Normal by Abnormal by
Model and Both Model
Abnormal by and Doctor
Doctor
240-246 Diseases of thyroid gland 3/ 30.0% 7/ 70.0% 10/100.0%
250-~258 Diseases of other endocrine glands 9/ 26.4% 25/ 73.6% 34/100,0%
260-269 Avitaminoses and other nutritional
deficiency 1/ 50.0% 1/ 50.0% 2/100.0%
270<279 Other metabolic diseases
(excluding obesity) 46/ 38.3% 74/ 61.7% 120/100. 0%
280-289 Diseases of the blood and blood
forming organs o/ 0.0% 1/100, 0% 1/100.0%
390-392 Active rheumatic fever 0/ '0.0% 0/ 0.0% 0/ 0.0%
393-398 Chronic rheumatic heart 0/ 0.0% 2/100.0% 2/100. 0%
400-404 Hypertensive disease 19/ 23.2% 63/ 76.8% 82/100.0%
410-414 Ischemic heart disease 16/ 34.1% 31/ 65.9% 47/100.0%
420-429 Other forms of heart disease 4/ 30.8% 9/ 69.2% 13/100.0%
450-458 Diseases of veins and lymphatics,
and other diseases of circulatory
system 11/ 24.5% 34/ 75.5% 45/100.0%
480-486 Pneumonia 0/ 0.0% o/ 0.0% 0/ 0.0%
490-493 Bronchitis, emphysema, and asthma 1/ 12.5% 7/ 87.5% 8/100.0%
510-519 Other diseases of respiratory system 5/ 62.5% 3/ 37.5% 8/100. 0%
540-543 Appendicitis 0/ 0.0% 0/ 0.0% 0/ 0.0%
570-577 Diseases of liver, gallbladder, and
pancres ' 0/ 0.0% 3/100. 0% 3/100. 0%
580-584 Nephritis and nephrosis 0/ 0.0% 1/100.0% 1/100. 0%
590-599 Other diseases of urinary system 0/ 0.0% 0/ 0.0% 0/ 0.0%
860-869 Internal injury of chest, abdomen
and pelvis 0/ 0.0% o/ 0.0% 0/ 0.0%
960-979 Adverse effects of medicinal agents 0/ 0.0% 0/ 0.0% 0/ 0.0%
Total 115/ 30.8% 261/ 69.2% 376/100. 0%
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expresses vital capacity as a percentage of the predicted
based on the patient's height, weight, and frame.

For the remaining ten diagnosis-categories the fre-
guency of occurrence of the diseases in the sample is too
small to test the model's capability of detecting those
diseases.

The distribution of the number of values falling out-
side the 95 percent confidence limits is given in Table
XXIX. The 899 values falling outside the limits represent
538 patients. Of the values falling outside the limits,
470, or 52,2 percent are greater than two sigma while 429,
or 47.8 percent, are less than two sigma. The majority of
the blood pressure, bilirubin, red and white cell, and
urine pH values fell outside the greater than two sigma
limits. Also the majority of the vital capacity and FEV

1

values fell outside the less than two sigma }limits.

Analysis of Misclassification

In comparing the results of thé model's classification
with the doctor's diagnosis, for 12.8 percent of the sample
the model classifiéd the patients normal while the doctor
diagnosed them abnormal. This percentage can be considered

the actual error of the model.
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XXIX

VALUES FALLING OUTSIDE LIMITS
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Variable Number Total Percent of
Minus Two Plus Two Grand
Sigma Sigma Total

Actual/Ideal Weight 17 0 17 2
Pulse 12 20 32 4
Systolic Blood Press 8 27 35 4
Diastolic Blood Press 8 23 31 3
Arm Skin Folds 18 11 29 3
Back Skin Folds 19 9 28 3
Hematocrit 31 19 50 6
White Blood Count 19 10 29 3
Glucose 12 15 27 3
Cholesterol 27 9 36 4
Uric Acid 36 25 61 7
SGPT 11 3 14 2
Bilirubin, Total 0 12 12 1
Urine Red Cells 0 26 26 3
Urine White Cells 0 9 9 1
Specific Gravity 21 7 28 3
Urine pH 0 43 éB 5
Total Heart Diameter 21 31 52 6
Thoracic Diameter 26 18 44 5
T.D./TH.D. 18 30 48 5
EKG Heart Rate 24 26 50 6
PR Interval 26 32 58 6
QRS Duration 13 38 51 6
QRS Axis 28 12 40 4
vital Capacity 15 7 22 2
Forced Expiration Vol 19 8 27 3

Total 429 470 899 100
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The other error between the model's classification and
the doctor's diagnosis is that the model classified 24.1
percent of the sample abnofmal while the doctor diagnosed
them normal. This error is not such a serious error as the
previous error, The results of this error are that more
patients would be referred for unnecessary additional
treatment.

However, on the other hand, it may be that the doctor
failed to detect an abnormality in these patients. And,
since the model considers the correlation pattern between
the variables, it may be éhat the model is able to detect
an abnormality which is overlooked by the physician. To
check thig possibility, the 179 patients, who are classi-
fied as abnormal by the model and as normal by the doctor,
are divided into two groups: those failing only the uni-
variate test and those failing both the univariate and
multivariate tests. The possibility of a patient being ab-
normal is higher for those who failed botﬁ of the tests.
Therefore, from these 48 patients, a random sample of 15
patients was selected for detailed analysis.

Of these 15 patients, ten were considered normal by the
physician, two had a bad test value, and three were con-
sidered abnormal: Of the three abnormal patients, one was

diagnosed as having hypertension, one was diagnosed as a
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high risk because of a low FEVl, and one had an abnormal
electrocardiogram which probably resulted from a mild
heart attack.

Using this sample of 15 patients, three patients, or
20 percent are now diagnosed as abnormal rather than normal.
Therefore, the model's classification of 24.1 percent of the
patients as abnormal while the doctor diagnosed them normal
is reduced to 19.4 percent. Likewise, the model and the
doctor both classified 34.6 percent of the patients as ab-

normal as compared to 29.9 percent. This increases the

agreement between the model and the doctor to 67.8 percent.
Analysis Using Independent Sample

The second step in the analysis consists of taking a
random sample from an independent data source. Since the
original sample consisted of physicals given through Septem-
ber, 1971, an independent sample would be thosc exams given
after October 1, 1971. This sample consists of over 200
patients. After eliminating those physicals having diag-
noses which are not detectable by the model's variables, the

sample reduces to 174 patients.
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Model's Classification

The results of the model's classification are given in
Table XXX. From the table 65.5 percent of the patients
have one or more clinical variable falling outside the 95
percent confidence limits. On the other hand, 22.3 percent
of the patients have a chi-square value greater than the
theoretical chi-square for & = 0.05 and the appropriate
degrees of freedom. Also 1.1 percent passed the univariate
test but failed the multivariate test, while 44.3 percent

failed the univariate test but passed the multivariate test.

TABLE XXX

RESULTS OF MODEL'S CLASSIFICATION USING
INDEPENDENT SAMPLE

95 Percent Multivariate
Chi-square Test

Normal Abnormal Total

95 Percent Within 58/33.4% 2/ 1.1% 60/ 34.5%
Univariate
Confidence
Limits Outside 77/44.3% 37/21.2% 114/ 65.5%

Total 135/77.7% 39/22.3% 174/100. 0%
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Comparing the independent sample with the initial
sample, it is seen that the independent sample classified
fewer patients as passing both the univariate and multivar-
iate tests (33.4 versus 46.0). Likewise, more patients
failed both the two tests (21.2 versus 16.6).

The error rates are similar between the two samples.
For the independent sample the model classified 44.3 percent
as failing the univariate but passing the multivariate tests
as compared to 35.9 percent for the initial sample. Also,
for the independent sample, the model classified 1.1 percent
as passing the univariate but failing the multivariate test
as compared to 1.5 percent for the initial sample.

The cumulative distribution of the chi-square values
for those patients having values for all twenty-eight
variables is given in Figure 19. The dotted curve is the
cumulative distribution of the initial sample. Since there
are more abnormal patiehts in the independent sample, the

chi-square cumulative distributions do not exactly agree.

Model's Classification Versus Doctor's Diagnosis

The comparison of the model's classification with the
doctor's diagnosis is given in Table XXXI. The larger per-
centages of abnormal diagnoses by the doctor confirms the

results of the previous paragraph; that the independent
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sample has a relative larger number of abnormal patients

as compared to the initial sample.

TABLE XXXI

MODEL'S CLASSIFICATION COMPARED WITH
DOCTOR'S DIAGNOSIS (USING
INDEPENDENT SAMPLE)

Doctor's Diagnosis

Normal Abnormal Total

Normal 35/20.1% 23/13.2% 58/ 33.3%
Model's
Classification

Abnormal 44 /25.3% 72/41.4% 116/ 66.7%

Total 79/45.4% 95/54 . 6% 174/100. 0%

From the table 20.1 percent of the patients who are
diagnosed as normal by the doctor are also diaynosed as nor-
mal by the model. Likewise, 41.4 percent of the patients
who are diagnosed as abnormal by the doctor are also classi-
fied as abnormal by the model. This is equivalent of saying
that for 61.5 percent of the sample the model agreed with
the doctor and for 38.5 percent the model disagreed with the
doctor. This compares favorably with the initial sample of

66.9 percent and 33.1 percent, respectively.
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The test for agreement between the model's results and
the doctor's diagnosis gives a calculated chi-square value
of 7.72 which is greater than the theoretical chi-square
value of 3.84 for A= 0.05 and one degree of freedom.
Therefore, there is a dependence between the model's classi-
fication and the doctor's diagnosis.

The error rates are similar between the.two samples.
For the independent sample the model classified 25.3 percent
of the patients abnormal while the doctor diagnosed them
normal. This compares with 24.1 percent for the initial
sample. This increase is not critical since the only error
is that possibly the patients may receive additional medical
attention which is not required. 1In addition, the model
classified 13.2 percent as normal while the doctor diagnosed
them abnormal. This compares with 12.8 percent for the

initial sample.

Model's Classification Versus Patient Diagnosis

Table XXXII gives an indication as to the accuracy of
the model in detecting specific diseases. Table XXXIII
gives a comparison between the independent and initial
samples. Although the sample size is smaller for the inde-
pendent sample, there is close agreement between the two.

In fact, based on percentages, the model was able to detect
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TABLE XXXTI

DIAGNOSIS (USING INDEPENDENT SAMPLE)
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Major Disease Group Number of Patients Total
Normal by Abnormal by
Model and Both Model
Abnormal by and Doctor
Doctor
240-246 Diseases of thyroid gland 2/ 66.7% 1/ 33.3% 3/100.0%
250-258 Diseases of other endocrine glands o/ 0.0% 9/100. 0% 9/100.0%
260-269 Avitaminoses and other nutritional
deficiency 0/ 0.0% 1/100. 0% 1/100.0%
270-279 Other metabolic diseases
(excluding obesity) 15/ 26.3% 42/ 73.7% 57/100.0%
280-289 Diseases of the blood and blood
forming organs 0/ 0.0% 0/ 0.0% 0/ 0.0%
390-392 Active rheumatic fever 0/ 0.0% 0/ 0.0% 0/ 0.0%
393-398 Chronic rheumatic heart 0/ 0.0% 2/100.0% 2/100.0%
400-404 Hypertensive disease 1/ 3.6% 27/ 96.4% 28/100.0%
410-414 Ischemic heart disease 4/ 36.4% 7/ 63.6% 11/100.0%
420-429 Other forms of heart disease 2/ 33.3% 4/ 66.7% 6/100.0%
450-458 Diseases of veins and lymphatics,
and other diseases of circulatory
system 1/ 16.7% 5/ 83.3% 6/100.0%
480-486 Pneumonia 0/ 0.0% 0/ 0.0% o/ 0.0%
490-493 Bronchitis, emphysema, and asthma 1/ 25.0% 3/ 75.0% 4/100.0%
510-519 Other diseases of respiratory system o/ 0.0% 1/100.0% 1/100. 0%
540-543 Appendicitis 0/ 0.0% 1/100.0% 1/100.0%
570=577 Diseases of liver, gallbladder, and
pancres 0/ 0.0% 0/ 0.0% 0/ 0.0%
580-584 Nephritis and nephrosis 0/ 0.0% 0/ 0.0% 0/ 0.0%
590-599 Other diseases of urinary system 0/ 0.0% 0/ 0.0% 0o/ 0.0%
860-869 Internal injury of chest, abdomen,
and pelvis o/ 0.0% o/ 0.0% o/ 0,0%
960-979 Adverse effects of medicinal agents o/ 0.0% 0/ 0.0% o/ 0.0%
Total 26/ 20.2% 103/ 79.8% 129/100.0%




TABLE XXXIII

COMPARISON BETWEEN INITIAL AND

INDEPENDENT SAMPLES

Diagnosis Groups

Initial sample

Size Correct

Percent Size Correct

Independent Sample

Percent

Diagnoses Correct Diagnoses Correct

240-245 Diseases of thyroid gland 10 7 70.0 3 1 33.3
250-258 Diseases of other endocrine

glands 34 25 73.6 9 9 100.0
260-269 Avitaminoses and other

nutritional deficiency 2 1 50.0 1 1 100.0
270-279 Other metabolic diseases

excluding obesity 120 74 61.7 57 42 73.7
280-289 Diseases of the blood and

blood forming organs 1 1 100.0 [o] 0
390-392 Active rheumatic fever 0 0 0 0
393-398 Chronic rheumatic heart 2 2 100.0 2 2 100.0
400-404 Hypertensive disease 82 63 76.8 28 27 96.4
410-414 Ischemic heart disease 47 31 65.9 11 7 63.6
420-429 Other forms of heart disease 12 9 66.7 6 4 66.7
450-458 Diseases of veins and lymphatics,

and other diseases of

circulatory system ’45 34 75.7 6 5 83.3
480-486 Pneumonia 0 0 0 o}
490-493 Bronchitis, emphysema, and

asthma 8 7 87.5 4 3 75.0
510~519 Other diseases of respiratory

system 8 3 37.5 1 1 100.0
540-543 Appendicitis 0 0 1 1 100.0
570-577 Diseases of liver, gallbladder,

and pancres 3 3 100.0 0 o
580~584 Nephritis and nephrosis 1 1 100.0 0 0
590~599 Other diseases of urinary system

system 0 0 0 [+]
860-869 Internal injury of chest,

abdomen, and pelvis 0 0 0 0
960-979 Adverse effects of medicinal

agents 0 0 0 0

Total 37¢ 261 69.2 129 103 79.8
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more of the diagnoses in thé independent sample. This is
especially true for other metabolic diseases and hyper-
tension., From the independent sample, 73.7 percent of the
other metabolic diseases were detected as compared with
61.7 percent for the initial sample. Also, 96.4 percent of
the hypertension diagnoses were detected for the indepen-
dent sample as compared with 76.8 percent for the initial

sample,

Ranking of Major Contributors

As part of the patient profile, it is of interest to
identify those variables which are the major contributors to
the patient's chi~sguare value. Then, once these variables
are identified, are these the variables that correspond to
the doctor's diagnosis? For example, a patient diagnosed as
having hypértension should have a high blood pressure.

Then, did the model identify blood pressure as a major con-
tributor to the patient's chi-square?

To check the above question, a sample was collected
from thosé‘patients who are diagnosed as abnormal by both
the model and the doctor. A count is then made of the fre-
quency that each variable is one of the three major con-

tributors. These results are presented in Table XXXIV.



MAJOR VARIABLES CONTRIBUTING

TABLE. XXXIV

TO CHI-SQUARE VALUE VERSUS

DOCTOR DIAGNOSIS

Diagnosis Group

O O OO DN D W T OD O MO M~ g OO O

IS A asSTTIsTIoodsiaasg s

. [\ NS S A N (Y A A S Y A A A WY S SR N B |

Variable g 2 8 e 8 & 2 8 S 28 8 g 9 3 ‘Q 8 g 2 8 Total

N N N «~N N ~) (58] < <t < < < <« n un un w0 v © o
Actual/Ideal Weight _ 0
Pulse ' 1 4 3 6 2 3 1 20
Systolic Blood Press 1 9 8 1 21 2 2 5 1 50
Diastolic Blood Press 1 2 9 120 6 1 6 46
Arm Skin Folds 1 2 1 9 1 5 1 20
Back Skin Folds 1 1 1 9 4 3 2 21
Hematocrit 3 3 31 7 2 1 3 23
White Blood Count 3 12 l 6 5 1 28
Glucose 9 4 1 7 3 2 - 26
Cholesterol 1 15 6 4 3 4 1 34
Uric Acid 5 20 14 4 7 1 51
SGPT 1 3 3 3 10
Bilirubin, Total 2 7 2 1 2 1 1 16
Urine Red Cells 4 4 3 2 1l 1 15
Urine White Cells 3 3 6
Specific Gravity 5 6 4 1 1 17
Urine pH 1 3 12 1 8 3 1 6 2 1 38
Total Heart Diameter 3 5 14 1 10 7 2 4 1 1 1 49
.Thoracic Diameter 1 2 116 9 5 110 3 1 49
T.D,/TH.D. 2 8 114 12 11 4 10 5 1 68
EKG Heart Rate 1 5 12 12 6 2 3 1 3 45
PR Interval 3 8 3 4 1 2 1 22
QRS Duration 3 2 7 8 3 3 1 2 2 31
QRS Axis 2 2 6 1 7 4 2 1 11 1 28
vital Capacity 2 5 2 1 3 1 1 15
Forced Expiration Vol 2 2 4 3 2 13
Total 21 75 3201 3 O 6189 84 27 9 021 9 0 9 0 3 o0 O 74
Number of Patients 725 167 1 0 26328 931 0 7 3 0 3 0 1 0 0-247

LTT
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For example, of the 25 patients diagnosed as having
diabetes, nine of the patients had profiles which indicated
glucose as a major contributor. A review of the table with

the medical staff resulted in one comment: "interesting."

Analysis of Longitudinal Drift

To adequately analyze the chi-gsquare values as a com—
posite measure of the patient's health, more than one phy-
sical examination is needed per patient. However, since the
Medical Center modified the data elements in January, 1971,
only a small percentage of the patients presently have more
than one exam which contains measurements for the selected
twenty-eight variables. 1In fact, only 11 patients have more
than one of these exams.

A plot of the longitudinal drift for this sample of 11
patients is given in Figure 20. Only two of the patients
have an increased chi-square value. Three patients who were
classified as abnormal during their first examination are
now classified normal (using &= 0.05), One of these three
patients had a véry high urine white cell count on his first
exam and a normal count on his second. Another of the three
had a high systolic blood pressure on his first exam and a
more normal value on his second. The third patient's hemat-

ocrit was low on his first exam and normal on his second.
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Because of the small sample no conclusion could be
drawn at this time concerning the chi-square value as a
possible measure of the drift in a patient's health over

time,
Sources of Error

During the test and evaluation several sources of
error were detected. These errors are briefly discussed in
the following paragraphs.

One source of error resulted from classifying patients
who are presently taking prescribed medications to control
abnormalities. It was revealed that the doctors are diag-
nosing these patients as abnormal even though they are
taking medication to control the abnormality. This error is
most noticeable for diabetes and hypertension. By taking
the proper medication the patient can control his glucose
and blood pressure.

Another source of error is the exclusion of several
Avariables which are a function of vital capacity (VC) and
FEVl. The first wvariable expresses FEV1 as a percentage of
total capacity:'FEVl/VC x 100. The second variable
expresses vital capacity as a percentage of the predicted

based on the patient's height, weight, and frame. The
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adding of these two variables should increase the model's
capability of detecting respiratory abnormalities.

Another source of error is that not all the physicians
use the same criteria for diagnosing abnormalities. This
error is most noticeable in diagnosing obesity; therefore,
as a result, this diagnosis was removed from the analysis.
A check of the other diagnoses did not reveal any other
major discrépancies between the physicians. However, the
diagnosing of hypertension did vary between doctors. The
prevalence of hypertension for the total population is 9.0
percent. The prevalence among the doctor's diagnoses are
15.6, 12.3, 4.6, 9.0, and 9.9.

Another source of error is that the model weighs low
values as significantly as high values. For example, in
most instances, a low cholesterol is much better than a
high cholesterol. However, in computing the chi-square
value, a low cholesterol is weighed the same as a high
cholesterol. Conversely, higher vital capacities and FEVl's
are more desirable than lower values. This type of error is
quite common and is generally ignored by assuming that the
errors will tend to cancel each other. By adding the two
additional pulmonary variables some of this error would be

removed.
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A problem encountered in the testing of the model is
that, after adjusting the variables conditionally for the
patient's height and weight, the variable actual/ideal
weight had almost no significance. This is apparent by
observing that no actual/ideal weight values fell outside
the 95 percent tolerance region. One approach to solving
this problem is to make the variables conditional only to

height and then remove weight from the list of variables.



CHAPTER V
CONCLUSIONS
Summary of Results

The results of this research is a tool to assist the
physician in analyzing a patient's health. Emphasis is
placed on the periodic physical examination as the prin-
ciple source of data input. For this reason the results of
this research are more applicable to health clinics and
industrial medical centers where patients go for periodic
physicals or for some type of screening, than to private
physicians who are generally concerned with treating
existing ailments.

To assist the physician in analyzing a patient's
health, three outputs have been developed. Computer pro-
grams have been written‘for generating these three outputs.

The principle output is the patient health profile.
This output displays twenty-six of the patient's clinical
variables with respect to established norms for the patient
age group. Those variables falling outside the 95 percent

confidence limits are flagged for further medical attention.

123
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A multivariate chi-square test is also part of the health
profile. The computed chi-square value, which considers
the correlation pattern between the variables, can be
considered as a composite measure of the patient's health.

The secqnd output is a plot of the composite measure
of the patient's health (i.e., his chi-square values) as a
function of time; that is, from exam to exam. By observing
this composite measure, it is possible to detect any overall
longitudinal drift in the patient's health. Various levels
of significance can be assigned to these composite measures
for assigning risk factors to a possible drift in the
patient's health.

The third output is a summary of the patient's medical
folder. 1Included in this summary are a history of the
patient's prior physical and laboratory details, and all his
prior scheduled and nonscheduled visits for some type of
medical treatment.

The model's capability of detecting abnormalities was
tested by taking a sample of patients from the initial
sample and from an independent source. The results are
summarized in Table XXXV. From the table, using the data
from the initial sample, 33.2 percent of the patients who
are diagnosed as normal by the doctor are also classified

as normal by the model. Likewise, 29.9 percent who are



TABLE XXXV

COMPARISON OF MODEL'S AGREEMENT

Initial Sample of 743
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Doctor's Diagnosis

Normal Abnormal Total
Normal 33.2% 12.8% 46.0%
Model's
Classification
Abnormal 24.1% 29.9% 54.0%
Total 57.3% 42,7% 100. 0%
Independent Sample of 174
Doctor's Diagnosis
Normal Abnormal Total
Normal 20.1% 13.2% 33.3%
Model's
Classification
Abnormal 25.3% 41.4% 66. 7%
Total 45.,4% 54.6% 100. 0%
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diagnosed as abnormal by the doctor are also classified as
abnormal by the model.

The model classified 12.8 percent of the patients nor-
mal while the doctor diagnosed them abnormal. In addition,
the model classified 24.1 percent of the patients abnormal
while the doctor diagnosed them normal. It is this area,
those patients diagnosed as normal by the doctor and abnor-
mal by the model, where the real payoff of the model exists.
It may be that for a percentage of these patients, the
doctor failed to detect an abnormality. Since the model
considers the correlation pattern between the variables, it
may be that the model is able to detect an abnormality which
was overlooked by the physician. Further analysis of the
24.1 percent resulted in 20 percent of these patients being

diagnosed as abnormal.
Use of Research Results

As originally stated, the source of data for this
research is the MSFC Medical Center. Therefore, many of the
variables used in the development of the patient's health
profile may be unique to this Center. 1In addition, the
three outputs may also reflect some of the unique require-

ments and features of the Medical Center.
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To date the Medical Center has begun to implement the
results of this research. First, the means and standard
deviations for the age groups are being used by the Medical
Center as indicators of the distributions of the variables
of the MSFC population.

The second use of the results of this research is that
the patient summaries are being added to the patient
folders. The summaries are to be updated each time a
patient visits the Medical Center for a physical. To date,
patient summaries have been added to all employees having
executive physicals.

The third use of the results of this research is the
Medical Center's acceptance of the patient health profile
as an excellent tool to assist the physician in analyzing
a patient's health. Plans are under way to start computing

health profiles on all physicals given in 1971.

Possible Uses of Research

Considerable more interest is beginning to be focused
on the health of the nation's population. This is evident
by the large appropriations being made to medical research
by the government as well as by industries and universities.

One such area of interest which is presently being

pursued by many research organizations is the development
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of a mobile health clinic. Such a clinic would travel to
the patient, rather than the patient traveling to the
clinic. At the clinic the patient receives a routine
physical examination generally administered by technicians.
The clinic would be connected via telephone lines to a com-
puter complex. At the computer complex a complete medical
file would be maintained on the patient. All the analysis
on the patient's physical and lab would be done by the com-
puter.

The results of the analysis would be returned to the
mobile clinic before the patient leaves. Then, should the
results indicate some abnorﬁality or near abnormal condi~-
tion, the patient could be referred to a private physician
for detailed individual consultation and treatment.

It is in such an environment as Jjust described that the
research in this thesis has a great potential. At the time
the patient's physical and lab data is being analyzed by
the computer, the data could also be impacted against pre-
defined age group norms and a statistical analysis made.

A pilot study has been conducted concerning the feasi-
bility of having the results of this research on-line via
a terminal. The statistical routines which create the
patient health profiles have been programmed to operate in

an on-line environment using the Marshall Information
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Retrieval and Display System (MIRADS) (20). The use of the
system is depicted in.Figure 21.

Input to the system is via a teletype and consists of
the values for the patient's twenty-eight variables. These
values are then compared against the age group norms and the
results returned via the teletype. The output is the

patient health profile as shown in Figures 13, 14, and 15.
Areas of Additional Research

The findings of this research readily point to many
areas of further investigation. Several of these areas are
briefly presented in the following paragraphs.

The first area of additional research is the adding of
the two pulmonary variables and then re-evaluating the
model's capability of detecting abnormalities.

An additional source of data for increasing the number
of variables is from the Medical Center's ballistocardio-
gram and treadmill tests. Data on these tests is just
beginning to be stored in the medical data base.

Because of the limited number of patients having more
than one examination, the concept of using the chi-square
value as a composite measure of the patient's health could
not be adequately tested. A further area of research would

be to obtain additional examinations on patients and
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observe their longitudinal drift. It may be possible that.
this chi-square value could be used as an early indicator

of some abnormal, or near abnormal, condition.
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Physical Variables

In addition to height and weight, six physical vari-
ables are used in this research. Pulse is the rythmic
beating of the arteries due to the passage of the blood
waves resulting from successive contractions of the heart.
The pulse is felt in the wrist by pressing the fingers on
the artery.

Blood pressure is a measure of the pressure exerted by
the blood on the walls of the arteries. Blood pressure is
expressed in two figures: the large one, systolic, is the
reading obtained at the moment when the heart contracts;
and the smaller one, diastolic, is the reading at the time
the heart relaxes.

The ratio actual weight/ideal weight compares the
patient's actual weight with his ideal weight. The ideal
weight is obtained from tables and is based on the patient's
height and frame.

The arm and back skin folds are measured by pinching

the back of the arm and waist and then using calipers.
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Variables Related to Blood

Of the many test performed on blood, six are consid-
ered in this study. Bilirubin is derived from the hemo-
globin in red blood cells which have been broken down. It
is constantly being produced, and is excreted by the liver
into the bile. There is always a small amount in the serum.
The procedure for collecting a speciman is to withdraw
venous blood and place it in a test tube and allow it to
coagulate. The test is performed on the serum. To the
sample of serum is added a reagent. A colored product is
formed and the intensity of the color is used as a measure
of the bilirubin concentration.

White blood cells are important in the defense of the
body against invading microorganisms, since they destroy
most harmful bacteria. The procedure for collecting a spec-
iman is to withdraw venous blood and place the blood in a
special pipette. Diluting solution is then added and the
contents thoroughly mixed. The diluted suspension is then
allowed to flow into a space in a special counting chamber.
Through the use of a microscope, the cells per unit area are
then counted and the number of cells calculated.

Cholesterol is a normal constituent of the blood and is

found in all cells. 1In various disease states the
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cholesterol in the serum may be raised or lowered. The
procedure for collecting a speciman is to withdraw venous
blood, place it in a test tube, and allow it to coaguiate.
The test is performed on the serum. Reagents are added and
the color intensity is measured which is proportional to
the cholesterol concentration.

The glucose test is performed to discover whether there
is a disorder of glucose metabolism. The test consists of
drawing venous blood. After coagulation the amount of
glucose present in the serum is determined colorimetrically.

The hematocrit test measures the percent of the total
volume of blood which is composed of the blood cells. The
test consists of placing venous blood in an oxalate tube.
The tube is then spun in a centrifuge and the height of the
column of packed red blood cells measured against the
graduation on the side of the tube.

The enzyme, serum’glutamic pyruvic transamenase (SGPT)
is found in several tissues. Its serum levels become
elevated when those tissues are diseased. Amounts of SGPT
present in the serum are determined colorimetrically.

The uric acid test is used to determine the uric acid
concentration in the blood. The ﬁest consists of'adding a

reagent to a sample of blood serum which produces a blue
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color with the uric acid. The intensity of the color is

measured and the concentration calculated.
Variables Related to Urine

Four clinical variables relating to urine are used in
this study. The Addis test consists of counting the number
of cellsrand casts in the urine sediment. A comparison of
the amount of each suggest the type of kidney disorder. The
test consists of thoroughly mixing the urine speciman. A
sample is then centrifuged and the sediment examined micro-
scopically. The white cells, the red cells, and the casts
are then counted.

The pH test indicates the degree of acidity of the
urine. The kidney maintains the blood at the correct pH
by excreting into the urine any excess ions which might
alter the pH of the blood. The test consists of dropping a
strip of nitrazine paper into the urine. The color change,
compared to a standard chart, indicates the pH.

The specific gravity test indicates the degree of con-
centration of dissolved material in the urine. The test
consists of placing a standard urinometer into the urine.
The extent to which the urinometer sinks in the urinev

determines the specific gravity.



140
Chest X~Ray Variables

The three variables from the chest x-ray are the total
heart diameter, the thoracic diameter, and the T.D,/TH.D.
ratio (See Figure 22). The total heart diameter and the

thoracic diameter are measured directly from the x-ray using

a scale,

Heart

Vertabrae

Total Heart
Diameter

Thoracic Diameter

Figure 22. Chest X-Ray

Electrocardiogram Variables

The electrocardiograph is an instrument for recording
the changes in the electrical potential of the heart which
are transmitted through the limbs and chest wall. The
electrocardiogram records the electrical potentials of the

heart.
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If the patient is considered as the conductor and the
electrical impulses originating in the heart as the source
of potential differences, then the magnitude and direction
of the current produced may be measured. The typical EKG
of a cardiac cycle appears as shown in Figure 23 and con-
sists of a series of waves designated by the P wave, the

QRS complex, the T wave, and the U wave.

PR Segment

H T‘——l ST Segment

T

el |\ i
*&d— 0 o W—
ST Segment —ie Time
PR Interval |Lg N S &‘ —H

.@—w=| ORS Duration

QT Interval

Figure 23. Waves of the Electrocardiogram
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Those variables which are considered for this study
are: PR interval which is measured from the beginning of the
P wave to the beginning of the QRS complex; the QRS duration
which is measured from the first wave of the complex to the
end of the last wave of the complex; the QRS axis whi;h is
the magnitude of the mean electrical axis of the QRS com-~
plex; and the heart rate which is determined from the

cycle length.
Pulmonary Function Variables

The pulmonary function tests are usefull in detecting
general airway obstructions. These tests are conducted
using a recording spirometer. Two variables are available
from the spirometer: vital capacity and forced expiration
volume.

The vital capacity test consists of the patient taking
a deep breath and then blowing out slowly, and as com-
pletely as possible, all the air in the patient's lungs.
The total volume delivered is called the vital capacity.

The forced expiration volume test consists of the
patient taking a deep breath and then blowing out as large
a volume of air as possible in one second. The total volume
of air delivered in one second is called the forced expira-

tion volume (FEV]).
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White Blood Count for Age Group 55-59

Figure 32.
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ESTIMATES OF POPULATION STATISTICS FOR EACH AGE GROUP
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TABLE XXXVI

POPULATION STATISTICS FOR AGE GROUP 20-~29

 ESTIMATES OF POPULATION STATISTICS
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TABLE XXXVII

POPULATION STATISTICS FOR AGE GROUP 30-34

ESTIMATES_ OF POPULATION. STATISTICS. S

_CLASSIFICATION _s®%es SEX » MALE _se%me  MINIMUM AGE ® 30 **ssd MAXIMUM AGE o 34
VAR[ABLE . ——. _STANDARD ___SAMPLE .. _MAXIMUM DIFFERENCE_____
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POPULATION STATISTICS FOR AGE GROUP 35-39
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TABLE XXXIX

POPULATION STATISTICS FOR AGE GROUP 40-44
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TABLE XL

POPULATION STATISTICS FOR AGE GROUP 45-49

EST]MATES OF POPULATION STATXSTICS

CLASSIFICATION sseses SEX . MALE XYY} MlNlMUM AGE ® 45 segee MAX}MUM AGE - 49
VAR ABLE STANDARD SAMPLE MAXIMUM DlFFERENCE
" NUMBER ~ VAKIABLE NAME ~mm= 7w s e P AN T T T DEV EPATION ST ZE -~ (TEST FOR" NURMALITYP—’"**"
1 HEIGHT P . e e [N .._70.3729,2_..._.._.." 2.32552‘“ . 783 » e e el "’909"8' e e e
2 WELIGHT . 179.,02561 24.08360 781 00325
3 ACTUAL WEIGHT/IDEAL WEIGHT =~ 77777 7777 "7 413552 7'"7 11908 " T 775 T T T 40384 T
4 PULSE ' , . 4430483 sl2616 768 < +0899
s SYSTOLIC BLOOD PRESSURE " o i e763937TTT T 4 1351 T 4 S {1 L
6 DIASTOLIC BLOUD PRESSURE 4,31823 olh21y 780 «0814
7 ARM SKIN FOLDS ST 32079 T U 448322 T 416 SR Q765 e
8 BACK SKIN FOLUDS ‘ 2484030 03862} 410 «0919
9 HEMATOCRIT ‘ T T T 5 1283077 T 2450664 77 795 00 T 0 QR0
10 WHITE BLOOD COUNT ' 4424244 +20558 792 <047}
- GLUCOSE FaSTING = " "7 77 o G433 T 489786 T T T T T T T 0 4T T T
12 CHULESTEROL . BeH6495 17113 791 _ +0286
13 URIC ACID S T T T G BRR27 T 421939 T 793 vt e Qs2 v e
14 SGPT 2045743 »53722 716 «0?5]
15 TOTAL BILIRUBIN ‘ ' LT T 343653277 T 1474568 ~ 801 T elzass
16 URINE KRED CELL COUNT 1.02742 022638 514 10404
17 7 URINE WHITE GQELL COUNT I Wm i mrsmmmemy 29459 77 T e 2354 |77 7T 5 27T T T T e g5 g 3 e
18 URINE SPECIFIC GRAVITY 1459214 «59560 789 +0811
19 URINE PH T T T T 2228 T 416659 T 9T T T T G DReR T T
20 TOTAL HEART DIAMETER 13436885 1,31009 427 » 1006
21 THORACIC DIAMETER T T 1 @ 2482577 T T T e 73361 T T B9 T T g Q7 4 T
22 TOTAL HEART DIA/THORACIC DIAMETER +42805 s 03648 425 20364
23~ EKG HEART RATE T Y LB QO T T T e 5T T YT O 83 T Ty gy Py T T
24 PR INTERVAL , 2478773 + 12904 430 ‘ 00225
P QRS INTERVAL e T T T T T Y ——
26 WRS AxIS 3462800 31433505 500 +0903
c27 VITAL CAPACITY (VC) ' T T T T R 5327 468927 U235 T T g QB 3y e
28 FORCED EXFPIRATION VOLUME (FEV1). 3e43248 +56338 234 «0813

991



TA

BLE XLI

POPULATION STATISTICS FOR AGE GROUP 50-54

ESTIMATES OF POPULATION sTarxsrxcsv
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i e o o e S ey e« e e e B el o S i e i e
roOovo' YT

VAR!ABLE,

CLAS?IFICATION

CWEIGHT
TACTUALT WEIGHTI!DFAL aEYGHT
S PULSE

SFX . HALE
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50

‘ﬂ.ﬂ.
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'178 75527,

HFAN“

70-4l586

He30N551

R _..2 a 3557717 S
23.90104 - 6]
R E Ll L e SRR AN Sl Y

s 12849
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DEVIATION“——“*ﬁiZE“”-—14EST"FOR NORMAL!TT%"”T———;
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+ 0885

13 7TTTTURTE ACIDT B T SR & - Dy "‘""“a22!30“”: i - T
) SGPT 2.,43885 - - 52595 542 0 o
15 e TOTAL D i L l RUP I N ey ria e Sl e s _.,_..;,.,.,.3 . 362.‘\“' . _"1'75568 —— ‘63 1 PR -
14 URINE RED CFLL COUNT 1.04050: L e23b16 q19
VT ORTNE T WHTTE CECT TOUNT R 2732346 rvzoZas e
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19 i URINE PH " e - e 2.“’133)'“"‘-]6162’" & 2H e AR
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X TTIHORACICT U DUAHMETER L 31.4%412'“W“*“”li76657j?;wmfﬁ“b"5‘*"“”“*“’
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g e G TGN TFOL DS T T T e e e g 3240 3 e e G QOB G T 3 B g s S e g 0787
8 .BACK SKIN FOLDS 2.80469 - +39137 333 00845
e g A TOCRT T . —— 4529430245207 LZ: e 2121 £ i
1o WHITE BLOOD COUNT : 4,26281 521950 619 <0410
T T GLUCOSE FAS TING T T T T 4545936 TT4835 623 = » 0552 wE
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TABLE XLII

POPULATION STATISTICS FOR AGE GROUP 55=59

ESTIMATES OF POPULATION STATISTICS

CLASSIFICATION esese SEX » MALE

ssese  MINIMUM AGE ¢ S5 ®ese® MAXIMUM AGE & 59 .

VARIABLE STANDARD SAMPLE MAXIMUM OIFFERENCE
e NUMRER" ™ VARTABLE—NAME MEAN DEV-I-AT-ION S1-ZE (TEST .FOR_NORMALITY) .
v 17" "HETGHT N S P S A PR N1 i L Py J 1 -3-7 %< SRy ¥ 1 ) S R R B R
2 WEIGHT ‘ 179,71617 23.5169) in3 0432
T T3 7T TTTACTUAL WEIGHTZIDEAL WETGHT - — 414808 11484 299 —— e 0595
.Y PULSE 4,305644 «13021 292 ‘00891 L .
5 SYSTOLTE BLOOD PRESSURE ™ 4v8306 99— 14870 300 — 00761
A DIASTNLIC BLOOD PRESSWRE 4,35079 . 13440 ano <0736
~g- CARM SKIN FOLDS ~ =7 e e 2 0 345,93 44924 163 — oo e e @073
a BACK SKIN FOLDS 2485475 032726 159 ) «0917
- - 9 T '”HEMATOCRIT" T TS memm e o mrie f’ls. l 6938"""— 2.’4‘7550 A 307 N .086" TomTm o e e e
10 WHITE BLOQD COUNT 4,25646 19775 306 © <0389
T TG LUCOSET FASTING Wed6b73 14265 301 e 0743
12 CHOLESTEROL 5,47004 . 16590 306 i} #0363
T T RIE TAC D, T e e e e e e | (69 338 $21947 2305 e e 9 0839
14 SGPT 2,4055! JH7473 267 .0819
TS T TTAL BILIRUB [N e s e e 3 (38322 T 709 24 3] e e V16105 -
146 URTNE RED CELL COUNT 1.01421 14142 - 199 +0350
T T TR T T T T YR INE T WHITE CECLU T COUNT 2,11437 1520386 197 20718 s
18 URINE SPECIFIC GRAVITY 1457947 259369 302 ' 1204
et T URINE PH T e s e e g ) 12 R BT g 485 o 305 e g 04T
.20 TOTAL HEART DIAMETER 13,67150 1,29450 169 ' s 1116
TR LT T T IHORACIC D FAMETERTT T 31,53254 1476957 169 - g BT B2 e e
22 TOTAL HEART DIA/THORACIC DIAMETER «43325 +036238 167 .+0516
TTTTTTTTT23TTTTTTTER'G HEART TRATETT 4.19813 » 1463364 303; : #0869 mr oo
24 PR INTERVAL 2.79676 +12606 171 0266 ’
e zs- o QRS IN]’ERVAL_‘" T ETTe 2.87372 7777777777 . UA"JI'h‘»—— 170 "7'.07. l‘ B T
24 QRS AXI1S 28,4870% 32.55014 193 0752
i 277 TTTUVITAL CAPACITY ULVCY T 4,0u4337 60932 8a R 1 1 21 I
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L L - e _ i . U
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TABLE XLIIT

POPULATION STATISTICS FOR AGE GROUP 60~64 t
ESTIMATES OF POPULATION STATISTICS
CLASSIFICATION eesee SEX & MpLE erese  MINIMUM AGE = 60 * *  MAXIMUM AGE = 64
VARIABLE STANDARD SAMPLE MAXIMUM DIFFERENCE
N— NUMBER ~ VAR ['ABLENAME MEAN DEVIATIFON—§ [-ZE o TES T FOR-NORMAL L.TYY o
N | HETGHT ~ = — 69469388 —— —-2431 P LHT e --e0961 .
2 WELGHT , 174.04054 23.07983 148 0413
I SR ACTUAL” WEIGHT/IDEA LWEIGHT - 15007 — R e B e B Y 0533 T
4 PULSE 4,30842 0119563 140 1210
T TR T IR Y G YO ¢ TBLOOD TPRESSURE 4485068 14078 145 s e - el5H8 e
& DIASTOLIC BLDOD PRESSURE 4,34389 «123291 146 0932 o
e o S INFOLDS - 2425619 ———— ¢4 BE50 e 6 G e e g 1 208 e
8 BACK SKIN FnLDS 2,79955 s4N139 68 -+1055 '
ST UTTHEMATOCRITO 44,90476—————24+19693 147 -~ == e 1037 i
1 VHITE 6LOOD COUNT 4,252n09 «1959n 147 w0793
T YT T T GLUCOSETFASTING 4at9220 s17354 145 20852 oo e
12 L CHOLESTEROL 5.46893 s 15984 148 0717
13 TURICTACID e — - el T -3 A i - 20 B B Y e 0970 .
14 5GHT 2,37415 46077 128 . ..0752
N 15 e T'JTAL” BILXRUB IN T S e e - - ""3.77]02"""“‘*"‘"“"1“.’5‘8909 """ R T B A T Y ) 1336
16 UR{NE RED CELL COUNT 1.12038 t46BB2 77 +0693
T TR INE TWHETE TCELLTCOUNT 2461575 retot49 7T «U535
1A URINE SPECIFIC GRAVITY 1e56892 . 60943 148 . s1194
. 19 [ UR[NE F’H .. O SO RSP 2.439‘.30‘,.__ R 'l16230""""”"”""148 e e s .0458
.20 TOTAL HEART DIAMETER 13.55714 1.46343 70 « 1065
T2l T T THORACIC DIAMETER e B U B B 1 - S R B N - R A B R e 1064 -
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“ ._,.____.wz 3.-.._..V,.__.~E K6 . HE f\'RT“_'R‘f\'TE' e s et i e = y ..,1 73 98 1Yy 9§y i B P e e o 0686~ -~ e e
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26 QRS AX1S 20944647 31,85520 75 0741
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TABLE XLIV

POPULATION STATISTICS FOR AGE GROUP 45-54

CLASSIFICATION seeee SpX o MALE . __ *e%es  MINIMUM AGE ',”qSMp'f"'.NHAleUH AGE * 54

CVARTABLE et e e e . STANDARD __ SAMPLE _ __ MAXIMUM DIFFERENCE ___ .
. NUHBEN VARIABLE NAME MEAN DEVIATION = "~ SIZE - (TEsT FOR NORMALITY)
1 HEIGHT _ 70639186 24323817 1401 1012
2 WEIGHT - - -- - - 1 78090629 - 23499500 - 1398 - -+0393
3 ACTUAL thGHT/lDEAL WLIGHT : ‘ «13487 11905 1389 . «0344
i - PULSE e e e e et o ol g FOAG ] e g § 2838 e L 3T Qe g QBB e e
5 SYSTOLIC BLOOD PRESSUh 4477405 013787 1402 L 0772
6 UDIASTOLIC BLOUD PRESSURE ~---rom-toemmmm s 84032306 o = oo [N158- oo 1402 - w0872
7 ARIM SKIN FULLDS ST 2032279 ELILEN 792 20769
8 - BACK SKIN FULDS - - — oo s s e 2 B 24 3H e - 36867 - - 743 e -«0803.
9. HEMATOCKIT . 45.20198 2451332 1416 , 0938 -
30 e WHITE pLOOD-COUNT- - 0251238-—- +211%06 L I R e X 1L L
11 GLUCOSE FASTING i . 4.44406 14403 1409 .. e0Qu47
12 CHULESTERUL . - el e e n e e et o nae e e e 5!4682" e e 016917 . - lqlq . - e .0371' -
13 UKIC ACID 158020 © e22017 ly17 0478
14 . SGPT B e e e e s s e 2-‘0‘4‘/‘42 e e 053226 - - 1255 L e e .0927 e o
15 TUTAL blL!RUblN ' ‘ 3.36400 le7494e 1432 . +1290
woeme b e U NE - RED - CELL-COUNT ; 1403330———423079 333 0¢046 7
17 URINE WHITE CELL COUNT 2+30766 ls22013 . %30 - R «0589
j 86 UKIHE SPECIFIC GRAVITY = oo o oo s o [ 0 68306 om0 5907F - L4QQ =~ - wn ot - q QB4
1y URINE PH 2.41864 s 16444 142) «0476
20 - JUTAL hEART DIAMETER S e e e 1 3 2980 e 1432223 0 T67 o o o 41059
<l THOKACIC DIANETER 31+33k85 le7498L 769' 0644
<22 - TOVAL HEART -DIA/THORAGIC-DIAMETER ———— e 42697 —— v @ (3T T2 oo - T Formmn v e g QR GG om v omee oo oe
23 EKG HEART KATE ‘ 4419235 15825 1407 «049%6
24 = PR OINTERVAL - - s im i e e 2 T QB o e g L 2B e TP e e g (] B Y-
2% WRS INITEKVAL 286284 205348 764 . s(0183 .
26 - WRS AX1S - R 32458242 - - - "ale79227 - 91 T LT e Q875 o
27 VITAL CAPACITY (VC) 4429503 66214 - 382 e046])

£U - R OKCED EARIRATION VOLUME(FEV 1) 3, 402 36 = g §7 31 oo m3 § | o o g (g4 o
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TABLE XLV

POPULATION STATISTICS FOR AGE GROUP 55-64

VAR ABLE
NUMBEK

CLASSIFIGATION es®see SEX « MALE _MINIMUM AGE ® 55 e¢eee
e e — ___STANDARD _ SAMPLE
VANIABLE NAME MEAN " DEVIATION SI1ZE
HE | GHT 7002673 24352646 449
WELGHT : - 179416630 -23e36201 . . 45
ACTUAL WE[&HT/IDEAL WEIGHT 148723 011447 444
S PYLSE e - 4430708 - —————-91267)——— 43I
SYSTGLIC BLEOD PRESSURE 4483717 e 14631 445 '
DIASTOLIC 6LOOD PRESSURE 4434853 e 1338 - 44y
ARM SKIN FULDS 2433329 45292 23
BACK SKIN FQLDS - - - 2483522 -~ 03511 b 227 - -
HEMATOCRIT 45.08370 2,38965 454
~WHITE BLOQU COUNT-—- ) ¢ 25504 oty | § 695 45 3 o s e
GLUCGSE FASTING 4447501 015364 444 .
- CHULESTERGL B el GEB e g | 3T T o e 4B
UkIC ACID 159470 e21238 45
SGHT 2039535 - - --e44990 -~ - 395
YOTAL BILIKUBIN 3.50883 1,67939 460
UkinE KEL CELL COUNT - - “lel43p2 — g 2TB2Y o 2 o e
URItE wHITE CELL COUNT 2e47C97 1o20164 274
URINE SPECIFIC GRAVIETY 1457600 - «59825 - - 45
URIMEL PH 20421236 016682 453
TOTAL HEART DIAMETER 1363808 - 1e344C6 - - 239
THORACIC LU]IARETER JlellByl 1.8415S8 239
- TOTAL HEART ‘UIA/VYHORACICG-DIAMETER ———— — - - ¢H3393 ~—— - ¢03625- ————- 234~
EKG HEART KATE . Y4a19024 015783 450
PR IRTERVAL 2¢79652 012909 - 23 o
WkS INTEKVAL 2¢67431 206937 239
kKkS ARILS 26437687 32447522 - 268
VITAL CAPACITY (VO 3.97000 «63505 120
FOKCED EAPIRATION VOLUME-- 3.04370

. ESYIMATES oF POPULATION STATISTICS .. . . .

«959740 - 119

MAXIMUM AGE o 64

MAXIMUM DIFFERENQE

e0960
- #0384

e04236

e0855-

«0472

-eQ798

-e0579-

«0903

«0923 - -

« 0904

«052) -

«0613

e0458

«0815 -

«1537

« 0499 -

«0605

01044

e0462

" e0992-

«(885

«0542

-e0223

«0668

~e0723

«056(0

(TEST FOR NORMALITY).-

90507 -
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APPENDIX D

GAMMA PROBABILITY PLOTS FOR EACH AGE GROUP
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Multivariate Check for Age Group 20-29
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Using Covariance for Age Group 50-64
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Using .Covariance for Age Group 50-64:
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AGE GROUP COVARIANCE MATRICES
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TABLE XLIX

COVARIANCE MATRIX FOR AGE GROUP 40-44
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1.2025 0027 -.0231 .0013 - 0051 2.3883 <7244 .anss
RCW NO. 2°
— [28.367%  S50.8030 2.2265 0145 <6480 6198 3.7634 07937
3151 +1556 <6288 T.0431 2.3c02 0000 1.7685 4833
_______ e ...2245003 <2891 -.0013 2681 -.0272 -128.3488 . 8.3519 2.7648
—RCM NO. 3 S S —— e e S S S
~.0087 2.2265 <0125 .0003 0033 -ao3n -0208 -023
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TABLE L

COVARIANCE MATRIX FOR AGE GROUP 45-49

RCW NO. 1 . B . e e . . -
S.4081 25.7588 -.0039 . -.0060 .019% .0220 <0572 «Q07S « 0866 -e0271
-.0134 -.0384 -.CC20 -.C504 «0856 «0273 . . . _~.0596 __ . =.0136 ..  .0218 ... 3301 _ ___.
1.5944 -0115 -<0168 «0149 -0096 §.2400 7699 «5600
RCHW NO. 2
25.7588 580.0198 2.4955 _  -.0712 «8889 L. «9602 . 8.0092 _ . _8.2328 _____ 28719 TS UY R
+3880 -.0138 «3726 - Ze5458 1.8285 «5122 -+4685 1.5010 ~.0600 15.8682
20.7172 .2283 -.0835 _ _ .2900. . . .052% -180.29a3 29598 . 2.7659 ) .
__ ROM N0. 3 e . o i o .
. ~.0039 2.4955 <0182 -.0002 -0085 .0089 .0219 «4250 «0157 -, 0003
.0023 .0012 .CC23 . «C152 <0122 . e0021 _ _ -.0003 _____ .009% _ _-.000% __ .08%6
-0768 <0017 -.0000 «0018 .0001 -.9225 -.0036 -0008
RON N0, 8 .
e .= 0060 =.0712 =+0002 «0159 «0032 «0027 ~-«0011 -«Q002 « 0602 20052
. .0013 .0027 .CC06 .CC89 -.0018 -.0006 .0119 <0007 «000% ~.0197
=e0112 . =.000S . <0188 -.0030 . ~-.0002 . .0S08 ___ -.0133 _____~.008¢ } . ~
ROW NO. 5 . . T N -
: <0194 +0889 .004S -0032 .0183 «0146 <0059 .0081 .0239 +0003
. . . 0025 __ . .. 0018 _  _ .CCO6_ _____ _.CCBY _ .02217 ..«0021 2017y «0029 -«0005_: 0811
+0330 .0009 «0058 -.0012 .0003 -.9372 -.0016 -0032
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«0220 «9602 . <0089 L0027 . _ <0186 .0202 <0058 _. . .0092 0883 -.0008
-000% .000%" -.CL01 .CC61 .0860 .0020 .0193 .0035 -.0000 -0880
. Y ___eD%22 . .0009 .0048 - .0011 <0001 ______-.9000 ~.0058 «000S o
ROW NO. 7 _ ) . ) =
«0572 %.0092 .0219 -.0011 .0059 .0058 «233S «1001 -.0023 -.0025
»0051 " 0060 .C068 .CC73 -.0386 +0080 -.0018 . 0330 . ~.0012 . <0801
+1057 .0011 «0065 <0047 .000S -2.2%07 ' -.0049 -.0007
ROM NO. [}
.007S %.2328 .0250 . -.0002 _ ___ .0081 .. <0092 .. «1001 ___ . 18492 . 1218 -.0029
.0095 .0027 .0C89 «CC82 .0520 .002% -.0085 «0207 -.0057 «1760
«0790 -0086 .0024 .0018 . . 0009  =1.9088  _  -.0256 __ _ =.0102 . ___ I e
.. RCM NO, 9 e . . . . . .
«0866 2.8719 «0157 «0602 .0239 <0883 -.0023 <1218 . $42833 «1292
.0159 .0831 .C108 1378 -.0210 -.0183 «0777_._ _-.0056 ... =.001% «0803
«3483 -.0018 .0703 - <0341 .0002 -1.7877 ~<1938 ~.1268
ROW NO. 10 .
e ... =e02T1 ______~a188&__ __ _~-.D0O3. _aD0S2___ L0003 __ __ -.0008_____ -.0025 -.0029._ 1292 0823 .
.0021 L0087 .CC09 .CCT7 -.0351 -.0006 .00S8 -.009%6 ~+0007 ~.0003
<0080 -.0001 <0068 - .0031. __ ~e000% . <8231  _ . ~.0185__' _=.0156.__ I el
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COVARIANCE MATRIX FOR AGE GROUP 50-64
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