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The main supposition of this research was ‘that air pollution
can aggravate a state of health resulting in increased consumption of
outpatient medical services, and in the number of contacts with the
medical system, for certain respiratory, cardiovascular, and other
diseases aggravated by air pollution. The main objective of this
study was to quantify such effects, if any, and express them in mone-
tary terms. The study examines the effect of day to day changes in
air quality on the consumption of outpatient medical services. It
was felt that, in order to isolate the effect qf air pollution on health,
account must be taken within the explanatory models of other variables
‘which could influence-the consumption of medical services., These
included socioeconomic~demographic and meteorological variables,

The study period was for 1969 and 1970, and centered in the

Portland, Oregon Metropolitan Area, Medical and



socioeconomic-demographic data were obtained from the Oregon
Region, Kaiser Foundation Health Plan, a prepaid group medical
plan with 150, 000 members, through Kaiser Health Services
Research Center. The medical and sc;cioeconomic-demographic
data were obtained from a five percent, ongoing, random sample of
the Kaiser membership. The air quality data used in the study were
suspended particulate matter, and were obtained from several air
pollution control authorities located in Portland, Oregon and
Vancouver, Washington., . The meteorological data used in the :
research cgame from the National Weather Service.

It is argued that in the consumption of medical services for
cardiovascular-respiratory problems, the price of medical services
and the patient's income may be discounted as variables affecting
the demand for medical services regardless of the medical care
source. The argument is supported by empirical evidence. The
bases of support for the argument, for purposes of this study, are as
follows: the nature of the disease being examined (without medical
treatment certain cardiovascular-respiratory diseases will terminate
in death); a minimum amount of medical services required to main-
tain the patient's health state who is suffering from the diseases;
with respect to price, the inability of the patient to effectively evalu-
ate alternative medical procedures at different prices, Hence, it is

concluded, the use of a prepaid system such as Kaiser's can be used



to estimate the medical costs of certain diseases associated with
air pollution, and the estimates derived will be representative of
other medical systems.

All the outpatient medical services used to treat a single
disease incident per contact with the medical system were expressed
in California Relative Value Units., The units were transformed to
dollar values such that the dollar value would approximate the
quantity of medical services consumed per contact.

The regression models (Models (8.1) and (8. 2)) were formu-
lated and were tested with the outpatient medical services consumed
in treating respiratory and circulatory-respiratory diseases, The
dependent variable in Model (8. 1) specified the consumption of out-
patient medical services per contact with the Kaiser system, The
dependent variable in Model (8. 2) expressed the medical costs on a
per capita basis per census tract, Both models contained the
following variables for each patient: age, sex, marital status,
number of people per household, household income, race, drinking
characteristics, cigarette smoking characteristics, occupational
exposure to job related pollutants, ambient air quality, and meteor-
logical conditions (expressed as a Temperature Humidity Index). A
measure of physical fitness was included in Model (8. 1), but not in
Model (8. 2). The independent variables in Model (8, 2) were aver-

aged over census tracts, The air pollution and meteorological



variables in both models were lagged up to three days to reflect

the fact there may be a delay between exposure and disease onset,
This resulted in four sub-models for the respiratory and circulatory-
respiratory disease categories in (8.1). Model (8, 2) was tested

only against respiratory diseases, and lagged one day, The statisti-

cal results are summarized as follows.

Model 8,1 - Respiratory Diseases

The following regression coefficients were statistically
significant at the 20 percent level or higher in all four sub-models,
except where noted: sex, negatively related to the dependent vari-
able; drinking habits, positively related to the dependent variable;
ambient air pollution, significant in all models, except Sub-Model 4 -
(three day lag), and all coefficients were positively related to the
dependent variable; meteorological conditions, positively related
to the dependent variable.

The coefficients of multiple determination (RZ) for Sub-Model 1
through 4 were 0,022, 0,024, 0,022, and 0,022, respectively, The"
overall F tests for regression were statistically significant at the
one percent level for all models. The air pollution variable was
statistically significant from zero at the two percent level when
lagged by one day (Sub-Model 2). Increasing air pollution by 20

micrograms, from 60 to 80 micrograms per cubic meter, resulted



in an estimated 3, 5 cent increase in outpatient medical costs per

- . 2 .
contact with the medical system., The low R 's were attributed to
the type of medical services that were being analyzed and the speci-

fication of the model,

Model 8.1 - Circulatory-Respiratory Diseases

The following coefficients were statistically significant at the
20 percent level in all four sub-models, except where noted: age‘,
significant only in Sub-Model 1 - unlagged - and with a negative °
instead of the expected positive sign; physical fitness, negatively
related to the dependent variables; drinking habits, positively related
to the dependent variable; occupational exposure index, positively
related to the dependent variable; meteorological conditions, positiv-
ely related to the dependent variable,

The R2's for each of the Models 1-4 were 0, 0080, 0,0083,
0.0076, and 0,0080, respectively, The overall F tests for regres-
sion on all four models were statistically significant at the five per-

cent level,

Model 8. 2 - Respiratory Diseases: One Day Lag

The following variables were statistically significant at the
20 percent level or higher: sex, positively related to the dependent

variable; household income, positively related to the dependent



variable instead of the expected negative relationship; drinking
habits, positively related to the dependent variable; smoking index,
positively related to the dependent variable; meteorological condi-
tions, positively related to the dependent‘variable. The overall F
test for regression was barely statistically significant at the five
percent level, Primarily because the dependent variable did not
exhibit much variation, the results of this model should be inter-
preted with caution.

The results from Model (8. 1) infer that air pollution does have
some effect on the consumption of outpatient medical services used
to treat respiratory illnesses, The results would indicate that the
procedures outlined in this study appear to hold some promise in
quantifying such effects., However, it is quite evident that the results
leave much to be desired, and a great deal of work needs to be done.
Primarily this would include retesting the models, respecifying
some of the variables within the models, and expanding the research
to include the effects of air pollution on the consumption of inpatient

medical services,
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OUTPATIENT MEDICAL COSTS RELATED TO AIR POLLUTION
IN THE PORTLAND-VANCOUVER AREA

I, INTRODUCTION

The Problem

For informed and economically efficient decisions to be made
in managing the environment, adequate information must be provided
to the decision-maker. One of the main problems of air quality
management is balancing the benefits against the costs that society
derives from using the atmosphere as a dumping ground for its
wastes., In attempting to move toward this balance, the decision-
maker must have estimates of the costs and benefits associated with
achieving certain environmental quality levels. Attempting to provide
answers for these questions generally involves difficult issues in
measuring and evaluating the diverse benefits and costs of pollution
abatement, It is in the need for such analyses that the role of the
economist within environmental decision-making has become increas-
ingly important,

While dependable, systematic estimates of costs resulting
from the effects of air pollution are still quite rare, progress is
being made. Within the past decade several studies have been

completed, estimating property and material costs of air pollution



and the effects of pollution on property values (30, .41, 58)., One

of the more important costs yet to be measured, however, is the
medical costs attributable to air pollution. There is considerable
evidence in the medical literature to support the hypothesis that air
pollution affects human health and, particularly, adversely affects
certain diseases of the respiratory and cardiovascular system (24,
84, 85). Adverse health effects of air pollution result in economic
losses of unknown magnitudes. These losses to society are derived
from two main sources: (a) the medical costs incurred in treating
the disease, and (b) the value of the ill person's foregone production
while sick, It-will be the purpose of this research to estimate some
of the outpatient medical costs attributable to air pollution.

Prior studies which have demonstrated an effect of air pollutioh
on health have had one or more deficiencies., The deficiencies have
been the quality of the air pollution, meteorological, socioeconomic-
demographic, or medical data used, or in some instances not used,
by the studies. The data bases afforded to this research appeared to
offer a unique opportunity to overcome some of the deficiencies
inherent in the data used by prior studies.

More specifically, there were available in Portland, Oregon
(the study area) good air pollution, meteorological, medical, and
socioeconomic-demographic data. The air pollution data were avail-

ble from several air pollution control agencies. The data were



representative of the main pollution problem within the study area,
which is suspended particulate matter, There were enough ambient
air quality stations to obtain a fairly good estimate of pollution condi-
tions in any part of the area of study, There were adequate meteoro-
logical data from several National Weather Service Stations located
throughout the area, An excellent source of medical data were
available from Kaiser Foundation Health Plan (a group, prepaid
medical plan), which allowed the research effort to concentrate on the
effects of air pollution on the gquantity of outpatient medical services
consumed. This is opposed to other research efforts which have
examined only the effects of air pollution on the number of mortality
or morbidity cases per disease category, the number of doctor

office visits, or the number of hospital admissions, Along with the
medical data there were detailed socioeconomic-demographic data
maintained by Kaiser on a five percent, ongoing, random sample of
its total membership.

These bases provided a unique opportunity to overcome some
of the deficiencies which have characterized other studies a'ttempting
to isolate the effects of air pollution on health, One of the major
efforts of this research undertaking was to bring these multiple
sources together, such that they all could be brought to bear on
isolating the effects of air pollution on the consumption of outpatient

medical services,



The social benefits of quantifying the outpatient medical costs

of air pollution would be many.

(1)

(2)

:Decisions in environmental qluality management should find
part of their basis in economic analysis, as well as the current
approach of focusing primarily upon the physical-health effects
of pollution., One reason, perhaps, for an emphasis on the
physical-health effects of pollution is the dearth of economic
information translating such effects into economic costs, This
study is an attempt to partially fill the void.

It is not known if the economic losses resulting from the usual
levels of air pollution (day-to-day changes, for example) are of
greater significance for air quality management than the losses
resulting from less frequent but more severe air pollution
episodes. The question which needs to be answered is whether
air ‘pollution, at prevailing concentration levels, presents
-enough (additional) stress .on the human body to contribute to
the incidence, prevalence, and severity of certain diseases
(60, p. 362). In essence, is air pollution harmiful to human
health at ordinary levels of concentration in the urban air as
well as at the high levels which occur during a pollution
episode (26, p. 589). This study will attempt to estimate the
effect of air pollution on the consumption of outpatient medical

services for day to day changes in air quality.



(3)

(4)

One much recognize that certain socioeconomic-—démographic
characteristics can also play a role in affecting expenditures
for medical care. Knowing the contribution to outpatient
medical costs of certain levels of air quality and socioeconomic-
demographic conditions would be valuable in establishing defen-
sible criteria against which to judge competing public expendi-
ture proposals in the allocation of scarce resources. That is,
perceptiveness in this area could provide more reliable infor-
mation upon which to base policy formulation on the allocation
of resources between air quality control and the modification
of socioeconomic-demographic conditions affecting health,

A metropolitan area will usually have varying levels of air
quality, By observing changes over time in air quality within
given areas of the city with changes in the consumption of out-
patient medical services used to treat certain diseases aggra-
vated by air pollution, the local pollution control authorities

will be able to determine what effect, if any, their efforts to

-control local pollution sources have on the oeccurrences of

these diseases,

Research Objectives

The objectives to be accomplished by this research are as

follows:



(1) To identify certain cardiovascular, respiratory, and other
diseases which can be aggrevated by air pollution,

(2) To estimate the effect of air pollution, if any, on the consump-
tion of outpatient medical services used to treat the diseases.

(3) If there is an effect of air pollution on the consumption of out-
patient medical services, to quantify this effect in monetary
terms.

(4) To determine the effect, if any, air pollution has on the inci-

dence rate of the diseases identified in (1) above.

An Overview of the Research

The study area of this research is the Portland Standard
Metropolitan Statistical Area for the period 1969 to 1970. The data
for this study came from several sources. Kaiser Health Services
Research Center, associated with Kaiser Foundation Health Plan
which is a group, prepaid medical plan with 150, 000 members,
provided the outpatient medical and socioeconomic-demographic
data, The outpatient medical records were obtained from a five
percent, random sample of the total Kaiser membership. The
socioeconomic-demographic data came from a questionnaire admin-

.istered by Kaiser to the sample members during 1970 and 1971.
The air pollution data used in this study came from the Depart-

ment of Environmental Quality, the Columbia-Willamette Air



Pollution Authority, and the Southwest Air: Pollutiqn Control
Authority. . The Department of Environmental Quality and Columbia-
Willamette are Oregon air pollution control agencies; Southwest
Air Pollution Control Authority is a State of Washington agency. The
measure of air quality used in the study was suspended particulate
matter, The meteorological data were provided by the National
Weather Service.

Chapter II of this study presents the economic framework, and
the statistical models and hypotheses to be tested. The study area
and Kaiser Health Plan are described in Chapter III, Chapter IV
details the compiling of the medical data, and the construction of
the dependent variables in the statistical models. The collection of
the socioeconomic-demographic data and the formation of the
socioeconomic variables included in the statistical models are dis-
cussed in Chapter V. Chapter VI describes the Admatch program,
and how it was used as a basis for assigning air pollution values to
patients. . The collection of the air pollution and meteorological
data, and the construction of the air pollution and meteorological
variables from the data base are detailed in Chapter VII. Chapter
VIII is a presentation of the data analysis. A summary of this
research, conclusions, and suggestions for future research are

discussed in Chapter IX.



II, THEORETICAL FRAMEWORK

The Economic Model

Introduction

This chapter begins by specifying some of the assumptions used
to formulate the economic model upon which this studyis based. A
graphical presentation of the economic model is given. From the
graphical specification two important implications are drawn which
minimize the importance of price of medical services and income in
attempting to explain the consumption of medical services for certain
cardiovascular-respiratory diseases,

In order to isolate the effect of air pollution on health account
must be taken of other variables which could influence the consump-
tion of medical services., A general framework is specified which
delineates some of these characteristics, From this general frame-
work, the hypotheses and the statistical models to test them are

presented,

Specification. of Assumptions

It is assumed that there exists a representative consumer-
patient who is suffering from, or has a tendency to become afflicted,

by, certain diseases associated with air pollution. The consumer,



9
having or contracting the disease, is a free agent to enter the market
for medical care, There are no physical constraints which would
prohibit him from obtaining such care.

This study is concerned only with the short-term effects of
air pollution on pre-existing (chronic) and acute cases of certain
respiratory, cardiovascular, and other diseases. These diseases
are thought by the medical profession to be aggravated by air pollu-
tion, or have been shown by previous studies to be associated with
air pollution,

Diseases of the cardiovascular and respiratory system affect
two essential life systems of the body. Many of these diseases, if
left untreated, are fatal or inflict such pain, suffering, and mental
anguish upon the victirr{ as to result in a decrease in the enjoyment
of life, It is assumed that any consumer presently having any of the
diseases, or newly cohtr-acting one of them, would be aware of these
consequences. Given the choice between the alternatives, it is
assumed that the representative consumer will actively seek medical
care to maintain or improve his state of hea.lth.l/

It is argued the consumer is unable to effectively evaluate

l/For this to hold it is necessary to assume that lifeis prefer-
able to death, and that, if given a choice, one would choose to be
free of pain and suffering. A second supposition is the consumer
" expects the consumption of medical services to alleviate his
illness.
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medical care, and has to rely primarily upon the physician's !
advice for the treatment required to remedy the illhess. This
follows for several reasons. Most consumers do not have the
expertise to effectively evaluate the alternative bundles of medical
services used to treat their disease, or to judge the quality of
physician services provided to them. Even if the consumer's
disease is re-occuring, it would still be difficult for the patient to
judge the quality of treatment received. It is highly unlikely he
would know the exact, optimal course of treatment for each incident,
There are so many variables which affect diseases from one incident
to the next that, in many instances, it is difficult evén for the physi-
cian to determine what to do.

Each disease incident will have a different degree of acuteness
or severity, requiring a different intensity of treatment. It is argued
that there is a certain minimum amount of medical care, given the
type of disease and its degree of severity, which will maintain or

2/

improve the consumer's state of health,—

2 A consumer's state of health will change over time, and will
be dependent upon many socioeconomic-demographic characteristics,
as well as the disease contracted, The consumption of medical
services may do no more than preserve a patient's health state, or
retard the rate of change toward further deterioration (terminal
cancer, for example, where treatment just prolongs the inevitable).
In other instances, the consumption of medical services may cure
the patient of the disease and improve his health state.

In examining the patient's state of health, it is necessary
to assume that the physician will do all that is necessary to preserve
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It is recognized that the exact intensity, kinds, and quality of
medical services might vary depending upon the different sources
providing the cére, as between different physicians, clinics, and
hospitals, for example, With respect to the Kaiser system, such
differences should be minimized since almost all medical services
are provided within the system.

There are several ways that the rendering and consumption
of medical services can be examined. One method is to view and
analyze medical care as consisting of distinct ti;eatment components,
each with its own price (for example, a number of hospital days at
a given price per day). Another method, used in this study, is to
view medical services as a bundle of care components, the bundle
being used to treat a single disease incident. The entire bundle of

treatments is purchased to treat the disease incident, The use of

this concept will become clear in the next several sections,

Graphic Specification of the Economic Model

A consumer's expenditures on medical care evolve from his

preference map for medical services and other goods, The shape

or improve his patient's health state, (This is subject to the patient's
socioeconomic-demographic-disease states which affect the patient's
state of health, and are beyond the control of the physician.) Hence,
when discussing maintaining or improving a person's state of health,
it is meant that the health state is improved to the best extent
possible,
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of his indifference map will be different, ceteris paribus, depending

on whether he is ill or not. If he is ill, the shape of the indifference
curve will be affected by the seveérity of the disease state, which can
be influenced by the quality of air he is breathing,

In Figure 1, money is shown on the vertical axis and medical
services are on the horizontal axis. The units of medical services
are expressed as an index. The index denotes the physical quantities
of all medical services consumed to treat an illness. A more
gevere disease state .could require that more medical services,
and perhaps more intense use of the services, would be needed to
treat the illness as compared to what would be used to treat a less

‘severe state of the same disease, ceteris paribus. Excluded from

the definition are items which would be considered frills of medical
care not needed for the treatment of the disease state,

Assume, at the beginning of time period t, the representative
consumer is not ill. This is reflected by the shape of his preference
function in Figure 1. In Figure 1, .I', I", and I''' are indifference
curves between money and medical services., The usual assumptions
about the indifference curves hold: utility is constant for movements
along an indifference curve; a higher indifference curve is preferred
to a lower indifference curve (I''"' is preferred to I'' and I'; I'' is pre-
ferred to I'); the indifference curves do not intersect; the indiffer-

€énce curves are -concave from above,
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The slopes of . the indifference curves play an important role
in the analysis. While the consumer may not be ill at the beginning
ofj'-;‘this time period, he may still need medical treatment of a preven-
tive nature (immunization shots and yearly physical checkups, for
example), or anticipate the consumption of some medical services
in case he does get ill. Hence, given his circumstances, the con-
sumer has a rapidly declining marginal rate of substitution of medi-
cal services for money, His need for medical services is not a
life-or-death situation; or a choice between continued physical pain
and suffering and relief via medical treatment. In essence, the
‘consumer's need for medical care is not urgent, It is quite possible
that the consumer may become satiated with medical services, and
the services may become a discommodity as the inconvenience of
obtaining more services increase-s.. In Figure ‘1 the points of satia-
tion are illustrated by points-E, F, and Gon I''', I', and I,
respectively,

In fiscal year 1961, three-fourths of the population in the United
States had some form of voluntary health insurance. The justification
for having health insurance is the variability and unpredictability of
disease incident. This can lead to broad fluctuations in individual
and family expenditures on medical care over time, and to extreme
differences among individuals and families at any given time (35,

p. 31). A partial solution, of course, (in effect providing risk
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spreading) is health insurance. The consumer's decision to purchase
‘insurance is his subjective evaluation of the quantity of medical
services he expects to use in time period t. This is based, .in part,
on the amount of medical services consumed in the past, on the cost
of the insurance, and on the cost of medical care with and without
"insurance.

There is one thing to remember about medical insurance. Ex
post, the consumer will always be worse off having bought the
insurance, unless he becomes more severly ill than he had anticipated.
However, he may feel better off, ex ante, having bought the insurance,.
It all hinges on the amount of medical services the consumer expects
to consume'in the time period for which he is considering an insurance
contract, in relation to the actual amount of medical services
required during that period. This is illustrated below.

OM in Figure 1l is defined as the consumer's permanent income,
MJ is the amount of money the representative consumer would spend
on a health insurance policy if he were to purchase it, leaving him
the amount OJ to spend on all other goods and services. MW is the
budget constraint reflecting the price of medical care (including
any other private cost) to the consumer when he is not covered by

insurance. Similarly, JX reflects the price for medical care when
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the consumer is covered by insura.nce.?i Most insurance contracts
have dollar or service limits within their provisions which, when
exceeded by the insured, results in his having to pay the full cost
of the excess services provided, In Figui':e 1, the limit of the policy
is represented by point P, Hence, the consumer's budget constraint
with insurance is JPT, Up to P, the price of medical.care to the
consumer is reflected by JP. When the limits of the policy are
reached at P, the insured bears the full cost of medical care, repre-
sented by the price line PT which is parallel to MW:é/.

Given the conditions reflected in Figure 1, the crucial point
in the décision to purchase medical insurance is point K, If the
consumer feels that his consumption of medical services in t would
be less than K', then he would be better off not to purchase insurance.
Up to K', the total monetary outlay for the same quantity of medical
services would be less without insurance than with insurance (pre-
mium cost MJ plus the cost of medical services with insurance, as
reflected by the price line JP). Alternatively, if the consumer
expects to purchase more medical services than that represented by

K',then he can expect to be better off purchasing insurance.

é/'I'he slope of JX would shift with changes in the private and
out-of-pocket cost of the insured.

i/It is assumed, for purposes of this discussion, that the
limits of the policy are not exceeded. Thus JP would be the relevant
portion of the consumer's budget constraint.
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"Suppose the consumer decided not to purchase medical insur-
ance, From this, one could infer he expects to be relatively healthy
over time period t, and what medical services he anticipates consum-
ing would be of 2 minimum or preventive nature best met out-of-
pocket. A consumer would attain a position of utility maximization,
which could shift with any change in his requirements for medicalcare
as determined by his physician. The more insight a consumer has
into his own medical needs during t, the more able he is to decide
whether to purchase insurance. The point of utility maximization in
Figure 1, for the consumer deciding not to purchase insurance, is
at N on indifference curve I''', The consumer would consume M'S
of medical services and pay MR of his income for it,

If the consumer does purchase medical insurance, then one
can infer he expects there might be a high enough probability of
consuming enough medical services to make it pay; i.e., he expects
to be better off having purchased the insurance contract. Again, a
position of utility maximization could be tentative. Two reasons
exist for this: (a) The consumer, at the beginning of t, is not ill but
he is purchasing insurance against the possibility that he will become
ill enough to consume an amount of medical services to the right of
K'. The type of illness a person has, and relative demand for medi-
cal care, will vary for different disease categories, and hence be
reflected in the consumer's preference structure. That is, the

actual point of maximization may change because the consumer's
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indifference map changes when he becomes ill. (b) The quantity of
medical services consumed by the patient, while ill, will be deter=-
mined by the medical profession; i.e., the consumer, in most
instances, does not know what diseases he may contract in t, or the
amount of medical services needed to treat the disease, However,
as in the non-insurance case, everyone has some subjective feelings
as to the amount of medical services they might consume, on the
average, int. The point of utility maximization in Figure 1, for
the representative consumer deciding to purchase insurance, is at L
on indifference curve I''. The consumer would consume MS of
medical services and pay JU, in addition to the premium cost MJ,
for it.

Admittedly this framework is an oversimplification of what
actually happens., It fails to address the question of the consumer's
decision to buy insurance and his feelings about uncertainty. How-
ever, the argument is not central to the case being made by this
study; i.e., air pollution can affect the consumption of medical
services. The theoretical model presented here is a single period
model. The model would be unduly complicated by addressing the
question of uncertainty.

A prepaid medical plan is a form of medical insurance, where,
as with other insurance plans, the mode of premium payment can

vary the consumer's out-of-pocket costs for the premium between
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points M and J in Figure 1, The method of economic analysis would
be the same in each case. From a welfare standpoint, ceteris
peribus, the insured's position would change with each insurance
plan and mode of payment,

Assume it is now sometime later in t, and the same representa-
tive consumer has become ill with a disease aggravated by air
pollution, Reference is made to Figure 2, where MSa is defined

1
as the amount of medical services needed in attempts to preserve,
improve, or prevent further deterioration of the consumer's state
of healthé/ (given the kind of disease, its acuteness, and a level of
air quality al). Except where it is noted, everything in Figure 2
is defined as in Figure 1. Any treatment to the left of MSa repre-
1
sents less treatment than is needed to maintain the patient's state
of health, Treatment in this area could result in deterioration of
the person's state of health or in premature death., Any treatment
received to the right of MSa can be attributed to additional medical
1

care over and above that needed to maintain the person's state of
health, Consumption of medical services in this area would depend

on the consumer's preference map for medical services, and the

slope of the price line for medical care,.

—S'/Hereqfter the words '"maintaining the consumer's state of
health'" will be used synonymously with, and be taken to have the
same meaning as, ''preserve, improve, or prevent further deteriora-
tion of the consumer's (patient's) state of health, '
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Preference map of an ill consumer given
air quality al.
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The consumer is ill, hence his whole indifference map has

changed, QSI''', QLI", and QNI' are defined as indifference curves
in Figure 2, The slopes of these curves are unique. Given the nature
of treatment received for the disease, and the alternatives of pre-
mature death or continued pain and suffering when treatment is not
obtained, a consumer would be willing to give up any amount of
money in order to receive treatment., The marginal rate of substitu-
tion of medical services for money is infihite in the area O to MSa .

1
This implies that holding money alone does not have utility, The
amount of medical services necessary to maintain one's state of
health must first be obtained, Once -MSa is reached the consumer's

1
need for medical services has been met. To the right of MSa money
- 1

becomes increasingly more important than the consumption of medi-
cal services., The marginal rate of substitution of medical services
for money rapidly declines, Hence, as with Figure 1, it does not
take too much additional treatment for the consumer to become
satiated of medical services., This is represented by E, ¥, and G
on QSI''', QLI”,} and QNI', respectively, in Figure 2, To the right

of points E, F, and G medical services become a discommodity,

and the indifference curves attained a positive slope.—

é/It is important to emphasize again that the preference map
in Figure 2 is based upon a prescribed set of assumptions. In
essence, this map is drawn to explain why a hypothetical consumer
would seek medical care, This does not deny the fact a person,
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Medical services, MSa , are prescribed by the physician,

which the consumer will at lelast purchase in his desire to maintain
his state of health, The relevant portion of the consumer's budget
constraint, with insurance, is JP which is tangent to the indifference
curve QLI'" at H. The consumer purchases slightly more medical
services at R than the recommended MSa . At this tangency,
utility is maximized and the consumer willl pay, in addition to MJ on
health insurance, JU for the purchase of R medical services.l

What happens if air quality deteriorates from a_to a, within

time period t? Assuming the same representative consumer to be

having a disease affected by air pollution, may not seek medical
care and, hence, have a preference map quite different from that
described, While such occurrences can result in social costs
{through value of production foregone, resulting from absenteeism
or reduced efficiency on the job, for example), no demand for medi-
cal services is placed upon the system. These incidences would not
enter the model. Hence, any estimate of air pollution costs from
the model would be an under-estimate of the true costs of air pollu-
tion,

There is also the possibility of a consumer seeking medical
care who is not ill, Earlier it was necessary to assume the physician
‘would do all that was necessary to preserve or improve his patient's
health state. It is now necessary to assume that such abuses as
seeking medical care when one is not ill are minimal, and when
discovered by the physician would not be tolerated, Given the nature
of the Kaiser system, where the emphasis is on providing as
efficiently as possible only those medical services which are needed
to preserve, improve, or prevent further deterioration of the
patient's health state, it is highly unlikely that such occurrences
will be a problem.

—' Examination of Figure 2 will show the consumer to be better
off purchasing health insurance. To see this, construct a line (MW)
running through M and parallel to PT, To consume the required
medical services MS,, without insurance would place the consumer
on an indifference curve well below QLI",
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afflicted with a disease aggravated by air pollution, one would expect
a tendency for the patient to become ill more often,and/or the severity
of each disease incident to increase, In both instances the result
implies an increase in demand for medical services,

Look now at Figure 3. All definitions that applied to Figure 2
are also applicable to Figure 3. In Figure 3, the consumer's entire
preference map for medical services has shifted horizontally to the
right, Such a shift does represent a change in the consumer's
preferences for medical services. Now MSa is the guantity of
medical services required to maintain the pafient's state of health,
The consumer's relevant budget constraint is again JP, which is
tangent to QNI' at V. The consumer will pay JZ for the consumption
of Y medical services, plus MJ for the health insurance premium.

In comparison with Figure 2, MSa is less than MSa (the

1 2
amount of medical services necessary to maintain the consumer's
state of health has increased); JZ is greater than JU (total monetary
outlay for medical services has increased), From a monetary stand-
point the consumer is worse off., The increase in the consumption
of medical services resulted from the deterioration in air quality,
and the resulting increase in monetary outlay for medical services
(the difference between JZ and JU) represents an economic cost

which could have been foregone if air pollution had not increased.

-Two important implications can be drawn from Figures 2 and 3
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with respect to the price and income elacticities of demand for medi-
cal services. In Figure 3 the dashed line connecting points VAB
represents a price-consumption 'curve.g/ The curve is steeply,
positively sloped, and in essence shows that as the price of medical
services change, the amount of medical services demanded changes
proportionately less, The price elasticity of demand for medical
services is highly inelastic. Also in Figure 3 the solid line connecting
points VCD represents an income consumption curve.z/ -The curve
is highly, positively sloped, and illustrates that the amount of medi-
cal services demanded will not change materially with changes in the
consumer's income. Income elasticity of demand for medical
services is close to zero, Each concept (price and income elastic-
ities) willnow be discussed in detail.

The demand for medical services to treat diseases affected

8/

=" The price-consumption curve is the locus of utility maximiza-
tion points achieved when nominal money income and the price of one
good are held constant, while the price of the other good is allowed
to vary, The locus of equilibrium points is obtained, graphically in
Figure 3, by letting JX rotate about J, until a tangency point is
obtained with each indifference curve,

2/‘I'he income consumption curve is the locus of utility maximization
points achieved when the nominal money income of the consumer is
allowed to vary, and the prices of the two goods, reflected in the
indifference map, are held constant, The locus of equilibrium points
is obtained, graphically in Figure 3, by drawing other lines parallel
to the relevant budget constraint JP and tangent to each indifference
curve. The other parallel lines reflect different income levels of
the consumer., Connecting the equilibrium points yields the income
consumption curve.
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by air pollution is assumed to be price inelastic. This.assumption

follows from the nature of the diseases being examined (without treat-
ment the patient can die a premature death, or experience increased
pain and suffering); from the minimum'amount of medical treatment
required, regardless of price, to maintain the consumer's state of
health; from the ihability of the consumer to effectively evaluate
alternative medical procedures at different prices, All these tend
to make the consumer less vprvice—consvcious.e-l—o/

With respect to the Kaiser data, the assumption of price
inelastic demand would be particularly relevant. Here the main cost
of participating in the system is the insurance premium of a fixed
amount., In many instances the premium is paid by the employer.
Hence, the cost to the Kaiser patient of using the system, in addition
to the insurance premium if he should pay it, is his private costs of

time and transportation, and some minimal charges for physician

visits and drugs,

l(—)-/ The assumption of price inelastic demand is supported by
empirical evidence, Other studies have shown price elasticity of
demand for medical services (physician and hospital) to be highly
inelastic (18, p. 24-25, 66-~67, 72).

Because of the market structure for medical services, most
charges for medical services are fairly standardized within a given
region. Physicians and hospitals are provided with fee service
schedules for various regions in Oregon. While the suggested
‘charges do not have to be followed, they do provide a basis for
establishing fees for medical services. (Conversations with Sheldon
Wagner, M.D., Head, Oregon State -University*Environmental
Health Unit, Good Samaritan Hospital, Corvallis, Oregon, July 1971;
and see (51, p. 363).
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Changes in the consumer's real income will not greatly affect
the quantity of medical care purchased (taking into account, of course,
other items which can influence expenditures for medical care), i.e.,

the income elasticity of demand for medical treatment of diseases

affected by air pollution is very low, This follows from the assump-
tionefa minimal amount of treatment needed to treat the disease and
maintain or improve the patient's state of health, 11/
-The assumption of income inelasticity does not deny the fact
that certain amenities of medical care might be a function of income
(private room versus a bed in a ward of a hospital, for example).
Where possible, such amenities,which, in most instances, really
have nothing to do with the quantity or quality of medical care, should
be accounted for in determining income elasticity of demand for
medical care, At Kaiser, such amenities are non-existent or mini-
mized. The emphasis at Kaiser is to provide the necessary medical

services to treat an illness. Conveniences not necessary for such

treatment are not provided, For example, amenities such as the use

1 . . . .
-—I/Emp1r-1ca1 evidence on physician services consumed support

this assumption to some extent, Andersen and Benham (2) found
income elasticities, using permanent income and taking other
variables into account (demographic characteristics and preventive
care, among others) to be fairly low (less than 0, 30). By substituting
the quantity of physician services consumed for the monetary outlay
(dollar expenditure by the consumers) on the same services, they
found income eleasticity to be as low as 0,01 (2, p. 90). The mea-
sures of elasticity differ because of free medical care provided at

low or no cost to poorer consumers.,
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of a private room, when a bed in a ward would afford the same medi-
cal services, are not obtainable at Bess Kaiser Hospital in Portland,

Medical treatment for diseases associated with air pollution
have no close substitutes with other, non-medical, consumption

goods; i.e., the cross-price elasticity between medical treatment

for these diseases and other goods is zero, or near zero, The
acceptance of this assumption rests upon the nature of the diseases
being examined., The assumption of zero cross-price elasticity does
not negate the fact there might be treatment substitutes within a
bundle of treatments used to treat a disease incident. However, once
a method of treatment is decided upon. a minimum amount is needed,
and changes in the prices of other, non-medical goods, will not
affect the quantity of treatment purchased. This implies that shifts
in the demand for medical care of diseases affected by air pollution
will be minimal when the prices of other goods change., Again, this
assumption is not inconsistent with the Kaiser data,

With a prepaid medical system, where in many instances the
insurance premium is paid by someone other than the patient, the
price of medical services and the patient!s income play a minimal
role in his consumption of services. The assumptions with respect
to price, income, and cross elasticities of demand, backed to some
extent by empirical evidence from other studies, allow the following

argument to be made. The consumption of medical services in the
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treatment of certain diseases are not affected by the price of the
services or the patient's income, regardless of the sources from
which care was received. Hence, the use of a prepaid system such
as Kaiser's can be used to estimate the medical costs of certain
diseases associated with air pollution, and the estimates derived

will be representative of other medical systems.

A Broader Framework of Analysis

In order to isolate the effect of air pollution on health, account
must be taken of other conditions which could also influence the
consumption of medical services. These other conditions can be
broadly grouped into socioeconomic-demographic characteristics
and meteorological conditions, This section expands the graphical
presentation above to specify other variables which might be con-
sidered to influence the consumption of medical services and to
affect disease incidence rates. This section specifies the general
framework within which the variables. should be considered, and lays
the ground-work for specification of the statistical models used in
analysis. 12

The Kaiser membership contains N people. On a given day (j)

—l;g-/What follows has been formulated with the Kaiser data

base specifically in mind. With modifications, it can be applied
to other data sources.
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there is a level of air pollution which is assumed (for -illustrative
purposes).to be higher than the previous day (j-1). The effects of
air pollution on health, and the hypothesized increase in demand for
medical services on day j, or shortly thereafter, can show up in
two ways. That is, there are two ways the increase in pollution can
result in increased demand for medical services. KEach provides
a supposition about air pollution effects on health, (a) Deterioration
in air quality can inci'e'as-e the severity of the disease (i), requiring
additional, and perhaps more intense, medical care beypnd that
which would normally be incurred; (b) increases in air pollution can
precipitate an increase in the incidence of certain diseases.

.The general framework to be developed for testing the first sup-
position is' - specified in Equation (2.1). With Kaiser, medical
services are received at various clincis (outpatiéent care) or at the
hospital (inpatient - care and outpatient care), The problem is to
determine the portion of total medical costs attributable to air pol-
lution for each disease i for which treatment was sought. The other
explanatory variables needed to isolate the effects of air pollution

are noted in Equation (2. 1).£/

E/I‘c is recognized with this model, and all the other models

to follow, that there can be lags of several days between the onset of
the disease i and exposure to air pollution or meteorological condi-
tions. While the lags are not specified within the definitions of the
variables, the potential for them to exist is understood and will be
explored in the statistical analysis.
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.= h(A ,ij,s ) (2.1)

I . .
ijk jk ijk
.where
I,. = an index of medical services consumed (in-patient
. .th
and out-patient) for treatment of the i disease (per
disease incident or episode) resulting from exposure
. . .th th
to air pollution on the j day for the k  person;
. . . th
A, = a measure of air quality on day j for the k~ person;
Ww. = a measurement of meteorological conditions on day
th
j for the k  person;
S.. = the socioeconomic~demographic characteristics of
th th th
the k  person, on the j day of exposure for the i
disease; and

(i=1,...,n) (j=1,..., m); (k=1,..., 1).

Index of Medical Services. An index of medical services (I)

would overcome some of the inherent disadvantages incurred by
using dollar expenditures for medical services. The index would be
based on physical quantities of medical services consumed, would
permit aggregation of different kinds of medical services, and would
reflect the intensity of medical services used to treat the disease

4/

state-.l—- -The index, if constructed properly, would more adequately

1;4-/'1'he intensity of medical care can be illustrated as follows:

For a given disease state there may be several options of treatment
open, The option selected is based upon the séverity of the disease
state’, As the disease states become more severe, eachoption may
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reflect.the quantity of medical services consumed than would dollar
expenditures on medical services, because of variations in fees
charged for services performed and the availability of free medical
care to some patients. An index, with the three characteristics
prescribed above, would be more sensitive to changes in air pollu-
tion than dollar expenditures,

-Air Quality. The possible effects of a deterioration in air
quality (A) on the demand for medical services are many. Exposure
to most pollutants in sufficient concentrations, and for long enough
time periods, can result in harmful physiological effects to the human
body. This presentation will give a brief summary of some of these
effects.,

Particulate matter can effect human health by its chemical
composition and size. The particle may be intrinsically toxic due
to its innate chemical and/or physical characteristics (75, p. 141).
For example, sulfur dioxide when absorbed on particulate matter
can impare lung tissue (44, p. 37). Particle sizeslessthantwo or
three micronsﬁ/ can penetrate deep into the respiratory system
(44, p. 33).

A number of recent laboratory and clinical studies have led

represent a more intensive use of medical services to treat the
disease as compared to a less severe case of the same disease.

-l-'i/A micron is approximately 1/25, 000 of an inch (77, p. 1).
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to a concern that subtle cardiovascular and central nervous system
effects may be associated with elevated levels of carbon monoxide
in the ambient air (78, p. 9-10). Photochemical air pollution (Los
Angeles smog) can cause eye irritation (1, p. 96) and aggravate
respiratory diseases (80, p. 9-30). Hydrocarbon air pollutants,
which enter into and promote the formation of photochemical smog,
have been associated with eye irritation. Aldehydes, also part of
photochemical smog reactions, have been shown to irritate the eyes
and upper respiratory tract (79, p. 7-27).

Sulfur dioxide, at high enough concentrations, irritatés the
upper respiratory tract (44, p. 37). A significant correlation has
been shown between mortality resulting from chronic bronchitis
and sulfur dioxide in England and Wales (44, p. 69).

Meteorological, Meteorological conditions (W) can act inde-

pendently of, as well as in conuunction with, air pollution to place
additional stress on the body, and possibly increase the consumption
of medical services., Temperature and humidity have an unquestioned
effect on health (8, p. 200). Extremes of temperature can place
strain on the body and nervous system; prolonged cold spells can
‘contribute to exhaustion (36); cold temperatures can decrease mucous
transport which, by means of the cilia, is one of the main methods

of cleansing airborne matter from the lungs (33). Winter, weather

fronts, and fog are related to the onset and increased severity of
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chronic bronchitis (45, p. 11). Exposure to cold, fog, or smog may
need to be avoided by asthmatics (45, p. 64). Low temperature,
low humidity, a wide range in barometric pressure, and wind have
been shown to be associated with the da'ivly prevalence of common
cold and cough symptoms (9, p. 524). In another study temperature
{on the day the illness started, or a few days prior) seemed to be
highly associated with upper respiratory disease incidence (63,

p. 738).

Intense radiation can lead to heat stroke; intense cold can
increase pulmonary disease (23, p. 80-81). Many physicians believe |
that shortness of breath in those prone to heart attacks are increased
during spells of hot, muggy weather and that fatigue worsens in
foggy weather (38, p. XIV). It was found in the Netherlands that
the highest mortality from arteriosclerotic heart disease occurs
during the coldest months of the year (January and February)

(64, p. 507-508).

Meteorological conditions can interact with air pollution to
produce an environmental situation which can produce adverse health
effects (9). This can happen through chemical reaction of certain
pollutants with each other, and with certain environmental phenomena,
to produce new, and sometimes unknown substances. These chemi-
cal reactions are affected by the presence of wind, sun, and humidity,

among other meteorological conditions. The best known example of
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this is the photochemical reaction between oxides of nitrogen and
other organics in the presence of sunlight. The effects on health of
the resulting photochemical air pollution, or Los Angeles smog as
it is more popularly known, have already been documented above.

Certain meteorological conditions can increase the Build up
of air pollutants in the environment, Many past air pollﬁtion disasters
(Meuse Valley,  Belgium, 1930; Donora, Pennsylvania, 1948; London,
1952 and 1962, among others) have been characterized by prolonged,
anticyclonic high pressure with a secondary inversion (7, p. 2).
An inversion in effect acts as a lid, and retains below it all pollution
emissions to the atmosphere and effectively retards their dispersion.
Hence, air pollutants build up and a minor air pollution problem
can become a severe episode if the meteorological conditions under
which it was incurred continue.

-Chemical reactions of pollutants with each other, the inter-
action of pollutants with certain meteorological phenomena, and the
resulting creation of new pollutants or substantial increase in the
amount of pollution, will usually be reflected through adequate air
monitoring, However, it is possible that meteorological and air
pollution may act interdependently to adversely affect a disease
state, That is, the simple air pollution or meteorological condition
by itself, and in the absence of the other, may not adversely affect

a disease state, However, in combination with each other they may
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adversely affect the disease condition. Such combined effects would
not be reflected by single measurements of different air quality or
meteorological phenomena. Hence, in pursuing a study of this type,
one should be aware of the possibility of such interdependence.

Socioeconomic-demographic, Other studies have shown that

certain socioeconomic-demographic variables (S) play an important
role in the incidences of some diseases affected by pollution (37, 39
and 83). It would seem that, to the extent certain variables affect
the health of the individual, they should also affect the amount of
medical services consumed in treatment of the disease. Included
within S are several socioeconomic-demographic variables which
would appear to be important in explaining the consumption of medi-
cal services and the individual's state of health,

The smoking characteristics of the patient are expected to

play an important role in his consumption of medical care. Heavy
smoking can aggravate certain respiratory diseases (emphysema
and bronchitis, for example), and place additional stress on the

, . 16/
body's cardiovascular system.— Hence, the more one smokes,
the more medical services one would be expected to consume,

Cessation of cigarette smoking has been shown to be associated

1—6/See particularly the following (15, 31, 44, and 45) for the
effects of smoking and air pollution on certain respiratory-
cardiovascular diseases,
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W{th a decrease in thelprevalence of syfnptoms related to smoking
(cough and shortness of breath, for example) (82, p. 146). Numerous
other studies have shown the prevalence of cough, sputum production,
breathlessness (dyspena), and chronic bronchitis, among other
respiratory conditions, to be consistently higher for ex-smokers
when compared to nonsmokers, and lower when ex-smokers are
compared to cigarette smokers (82, p. 195-205), Other studies
reveal that the risk of developing lung cancer decreases with smok-
ing cessation (82, p. 11). Most studies indicate that after ten years
of not smoking cigarettes, the ex-smoker's chances of dying a pre-
mature death due to a smoking related disease is less than that for
a smoker and slightly greater than that for a nonsmoker.ﬂ' These
studies indicate that account should also be taken of past cigarette
smokers. The effects of past smoking can still aggravate certain
respiratory diseases, and increase the consumption of medical
services, The more recent the ex-smoker quit smoking, the greater
the potential for consuming more medical services. The studies
would also seem to indicate that there are certain long-term effects
of cigarette smoking, some of which are irreversible (82, p. 145),
which would make the ex-smoker intrinsically different from the

nonsmoker,

1—’Z/Obta,ined from the American Cancer Society, and based on

their slide series '"The Time to Stop is Now, "
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"The occupation of the individual could affect the consumption of
medical care, Itis known that exposure to dusts can aggrevate
asthma (31, p.34) and chronic bronchitis (45, p. 13). Hence, it
would seem ‘that dustier occupations could increase the consumption
of medical services for individuals with a respiratory ailment.

The residential history of the patient is also important, Studies

have shown that the incidence and death rates from emphysema and
cancer are higher in the cities than in the relatively non-polluted
rural areas (44, p. 71-72). It is argued that an individual's state of
health would be better if he had lived most of his life in a rural area
or other unpolluted environment. The writer feels that, if this
were the case, when the patient does become ill his disease state
would be less chronic, and require less consumption of medical
services.,

The incidence rates of certain diseases are more prevalent
in certain age, race, and sex groups (15, p. 13; 45, p. 39). Hence,
it is felt race, age, and sex are three variables which could influence
the demand for medical services by an ill person. If some diseases
are more predominant in certain age, race, and sex groups, then
persons within these groups having the diseases might be more
acutely ill than.individuals outside the groups who might also contract
the disease. Also, with increasing age, the efficiency of the lung

function declines, due probably to a decrease in elasticity of lung
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tissue, increasing inflexibility of the chest wall, and perhaps to
impairment of the regulation of ventilation and of the efficacy of
cough (15, p. 16).  These aging lung conditions would tend to impair
the -clearance of pollutants from the respiratory tract, which would
result in increased aggravation of respiratory diseases and an
increase ‘in the consumption of medical services.ﬁ/ Also, increased
aging could be one of the main causes of chronic obstructive pulmon-

ary diseases (15, p. 16).3/

One would also expect an older person
to generally have a poorer state of health, which could result in
increased consumption of medical service per disease incident, as

. . 20/
compared to a younger person contracting the same disease.—

Another social habit which might affect a patient's consumption

of medical sérvices is his drinking habits. Excessive drinking can

affect a person's state of health (emotionally, mentally, and physi-
cally). Alcoholism can play a role in pumonary tuberculosis (45,
p. 32). Excessive consumption of alcohol leaves a person's body

in such a physical state that, if he did become ill, the consumption

‘l'g‘/Conve-rsation with Sheldon Wagner, M. D., August 25, 1971,

-l-?-/C-hronic obstructive pulmonary disease is @ term which
applies to those patients with chronic bronchitis, asthma, and
anatomic emphysema, who exhibit persistent obstruction of
bronchial flow (15, p. 7).

‘Z"Q/Sheldon Wagner, M. D., August 25, 1971.
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of medical services could be increased, Alcoholism has been

extensively associated with respiratory pr'oblems-.’z;l/

It is felt that the more physically active a person is, the better

his state of health would be. - This could imply that when a person
does become ill, the disease case could be milder, which would mean
less medical services required in the treatment of the disease inci-
22/ . N :
dent,— There is a suspected association between lack of physical

excercise and coronary heart disease (25, p. 15).

The number of persons per room within the patient's home

would be an indicator of the crowding within the patient's environment.
Crowded conditions could result in increased consumption of medical
care. More crowded conditions lead to increased physical and emo-
tional strain being placed upon the individual, the increased possi-
bility of initial infection with certain respiratory diseases (tuber-
culosis, for example) (45, p. 31), and the increased chance of pos~
sible reinfection,

The permanent income of the patient is included in an attempt

to describe the consumer's ability to make expenditures, in lieu of
medical expenditures or services, preserving and bettering his state

of health, Examples of such expenditures would be those made for

'g"l-/Sheldon ‘Wagner, M,D., August 25, 1971,

22/ gpe1don Wagner, M. D., August 25, 1971.



41
'sound housing and nutritional food. To the extent the patient's
health may deteriorate because he is not able to make such expendi-
tures on himself or his family, the more medical services one would
expect to be consumed. Higher values of permanent income are
expected, with the Kaiser data base, to decrease the consumption of
medical services.

The marital status of the patient could explain some consump-

tion of medical services. Available evidence indicates the tendency
of single persons to consume more total days in the hospital than
married persons (18, p. 60). Several reasons could be advanced
for this. . If a patient is married, assuming the marriage to be a
stable one, he would usually have better nutrition, a more regular
schedule, and, overall, would be better physically., This could
tend to contribute to a better state of health for the married versus
the single person.

It has been suggested that another possible reason for married
persons to consume less total hospital days than single patients are
the availability of persons in the patient's home to take care of him
(18, p. 60). This may be true, but single patients can also have
persons available to take care of them when they are ill. A better
approach to this concept would be to measure it directly. Hence,
another explanatory variable for the consumption of medical ser-

vices would be a measure of the availability of someone at home
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to take care .of the ill patient. However, the variable would probably
be more important in explaining the consumption of ‘inpatient’ medical
services than outpatient- medical services, Once a person goes to
the clinic, he will most likely be treated in the prescribed way.

The general framework specified in Equation (2. 1) would
afford a test whether air pollution - increases can cause greater
utilization of medical services. To determine whether deterioration
in air-quality can precipitate an increase in the incidence of certain

diseases requires another general model illustrated by Equation

(2. 2).
n, .
N—?— =t (ch, 'vacj, §Cj) (2.2)
where
nicj = the number of people in the geographical area c
making new or initial contact with the medical system
for disease i on day j;
ch = the total number of people living in geographical
area c on day j;
ch = an average measure of air quality over the geographi-
cal area c on day j;
Wcj = an average measure of meteorological conditions

over the geographical area.c on day j;
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Sc' = an average of socioeconomic-demographic character-
J

istics of people living within geographical area c

on the jth day; and

(c=1,...,p) (i=1,...,n) (j=1,..., m),

The independent variables in Equation (2. 2) are expressed as

a mean over a geographical area (census tract, for example). The
approach outlined in (2. 2) offers one method of seeing whether dif-
ferences in air quality, meteorological, and socioeconomic-
demographic conditions .can play a role.in people contracting disease

i,

The arguments for including the explanatory variables ch’ Wcj’

and gcj in Equation (2. 2) are similar to the arguments given for

their inclusion in Equation (2. 1). The principal influence of ch’

'Wcj’ and gcj-in Equation (2. 2) is that they affect a state of health,

hence making the patient more susceptible to certain cardiovascular-

respiratory problems, Therefore, ch"wcj’ and gcj are expected
to have the same causal relationships on disease incidences as

A w and S.
1

1 e had in the consumption of medical services in
J J

jk
Equation (2. 1). The exceptions to this are discussed below,

Several additional variables are included in ._S-C,-Which were
not considered in Sijk' Thes]: variables would be expected to
influence disease incidence ('N;C‘]‘), but would not necessarily influence
cj

the consumption of medical services (I,
1

Jk). The variables are



44
reading of medical literature, distance to the nearest clinic or
hsopital, and a measure of the hypochondriac tendencies of the
patient to contact the medical system,

The reading of medical literature could explain differential

information and preferences toward recognizing the need for, and

in appreciating the desirability of, seeking medical care, This
would, in many instances, imply contact with the medical system to
provide medical services, Even if medical services were not pro-
vided the patient, contact with the system, where a disease is posi-
tively identified, would constitute a disease incident, It is expected
that increased education in the medical area will be positively
related to disease incident, particularly with respect to patients hav-
ing the cardiovascular-respiratory problems with which this study

is concerned.

Distance to the nearest hospital or clinic reflects, in part,

the out-of-pocket costs and inconvenience to the potential patient of
obtaining medical care from Kaiser, Since all Kaiser clinics are
iy . . 23/ . .
located within the immediate Portland area— and the hospital is
located in North Portland, it is quite possible that potential patients

living 'in outlying areas would substitute medical services closer to

23/ e . L
—' One clinic is in Vancouver and one is in Beaverton (see

Figure 4 in Chapter III), the other three clinics are located within
the Portland City Limits,
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place of residence for Kaiser services, Longer distances could
.delay.'ghe patient seeing the Kaiser doctor, or not seeing him as
often. Each situation could have direct bearing on the incidence
rate, Hence, it is expected that the further patients have to go in
obtaining medical services from Kaiser, the lower will be the disease
24/

incidence as reflected in the Kaiser data,

The medical hypochondriac has a morbid fear or anxiety about

his health state, As explained in the last section, it is highly unlikely
that such occurrences will be a problem as they affect the actual
consumption of medical services. However,to the extent the potential
patient would telephone or visit the clinic or hospital, he would
positively affect the disease incident rate. That is, the more prone
patients are to do this, the higher the incidence rates will be. Hence,
a measure of the tendency of a patient to contact the system at the
first sign of a perceived illness should be included within the analysis.
- The framework specified in Equation (2. 2) would afford a test
whether air pollution can precipitate an increase in the incidence of
certain diseases. The next section will specify the null hypotheses to

be tested, and delineate the statistical models by whichtheywillbe tested.

ﬁ/ This would imply that as the out-of-pocket costs of using

Kaiser facilities increase with distance, the demand for Kaiser
medical services becomes more elastic, However, demand for
medical services as a whole would still remain inelastic because
medical services from other facilities closer to the patient could
be substituted for the Kaiser services,
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Specification of the Statistical Models

This section specifies the statistical models, and the hypothesis
to be tested by each. The socioeconomic-demographic and medical
data used in the equations come from a random sample of the total
Kaiser membership., Only outpatient medical records, and the
socioeconomic data of the sample members responding to a question-
naire, administered to them during 1970 and 1971, were included in
this study. The collection of these and other data, the selection
~of what data to use and their preparation for use .in the models, and
the process of deciding what variables to include within the models
will be detailed in the next several chapters.

The first null hypothesis to be tested is as follows:

Ho : Deterioration in air quality causes no increase in the
consumption of medical services per outpatient con-

tact with the medical system,
Equation (2. 3) permits the testing of this hypothesis,

= +B.X +B.X +8.X X +R.X .t
ik = B PR ik T B aiik T B ik T Bt aijk T BT sk

. +
Pefoijc * P i T Pe e T Po%ouji T PLo® 10k

B. . ‘ X .. +e (2.3
Pri¥inige T P25 1205k T PsF rsagr T PLaF e T e (23)
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Xgijk
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X =
7ijk

Xgijk
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index of consumed outpatient medical service for
disease i resulting from contact with the Kaiser system
on day j by person k, expressed in dollars,

t .
age of the k= person on day j who consumed out-
patient medical services for disease 1.

t . .
sex of the k= person who consumed outpatient medi-
cal services on day j for disease 1.

) th
marital status of the k person who consumed out-
patient medical services for disease i on day j.
. th ..
number of people in the k= patient's household who
consumed outpatient medical services for disease i
on day j.
: th
household income of the k patient who consumed
outpatient medical services for disease i on day j,

t .
race (Negro) of the k person who consumed outpatient
medical services for disease i on day j (one if Negro,
zero otherwise),

th
race (Others) of the k~ person who consumed out-
patient medical services for disease i on day j (one
if of another non-white race, zero otherwise).

. th
a great deal of time and energy expended by the k

patient, who consumed outpatient medical services
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for disease i on day j, in being physically fit (one if
a great deal of time and energy expended,  zero
otherwise),

th
some time and energy expended by the k  patient, who

consumed outpatient medical services for disease i

on day j, in being physically.fit (one if some time and
energy expended, zero otherwise),
a measure on the frequency of alcohol consumption
th . . :
by the k  patient who is a heavy drinker, and con-
sumes outpatient medical services for disease 1 on
day j.
an index expressing the cigarette smoking character-
N th . . . .
istics of the k  patient consuming outpatient medical
services for disease i on day j.
an index of occupational exposure to job related
th . . .
pollutants by the k patient consuming outpatient
medical services for disease i on day j.
. . . th
a measure of the ambient air pollution that the k
patient, who consumes outpatient medical services
for disease i is exposed to on day j (expressed as

suspended particulates, micrograms per cubic meter

per day).
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X14ijk = a measure of the meteorological conditions that the
'th . . .
k  patient, who consumes outpatient medical ser-
vices for disease i, is exposed to on day j (expressed
as degree days - the absolute difference between the
average daily temperature and 65°F).

25/

_2 .
€ = a random error term, where e~ N (0, ¢ ),— and
i=1,...,n) (j=1,..., m), (k=1,..., 1). And

(30,, cues (314 are the parameters to be estimated.

The second hypothesis to be tested by this study was as follows:

Ho : Deterioration in air quality does not precipitate an
increase in the number of contacts with the medical

system per disease category.

While it was desired initially to test whether air pollution
precipitated an increase in the incidence of disease i, incidence
waé discarded as a potential dependent variable after further investi-
gation. The reason for this was as follows. Incidence is defined
as an expression of the rate with which a certain event occurs, such
as the number of new cases of a specific disease occurring during a

certain time period (16, p. 730). The problem with incidence is

'—Zé/See (17, p. 17) for a detailed presentation about the usual

assumptions concerning the random error term.
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that the disease must be a new case before it is measured, i.e.,
the disease must be a new episode. Many chronic and acute respira-
tory diseases can be part of a continuing episode, and be affected
by air pollution such as to precipitate additional visits and/or con-
tacts with the medical system. Use of the incidence would not reflect
these additional contacts, and hence would inadequately express
demands placed on the medical system as they might be affected by
air pollution.

The second hypothesis cannot be directly tested, however,
because of an error in the specification of the statistical model,

The dependent and independent variables were specified only for
sample members who contacted the Kaiser system per census tract.
The total number of people in the sample at risk per census tract
were not included. Hence, a test of the model, specified in this
format, was meaningless., The computer and programming expense
to correct the error was prohibitive.

However, there did appear to be an alternative method of
specifying the model which provided the possibility of testing the
hypothesis indirectly. While the socioeconomic-demographic
characteristics of the population at risk could not be determined
easily, the number of people at risk per census tract was known,
Hence, the alternative model (2. 5) was specified, Within its depen--

dent variable are included the number of contacts per disease
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category which resulted in the consumption of medical services per
. S 26/
‘census tract, and the number of people at risk per census tract.—
The indirect test of the second hypothesis will become clearer with
specification of the alternative model.

The dependent variable (Yicj)'Of Model (2. 5) is defined by

(2. 4) as follows:

1
kZ_I 1 Yicjk
Yicj = N . (2. 4)
cJ)
where
1
z Yic ae the sum of the index of consumed outpatient
k=1 '
medical services for disease i for all k
persons in census tract c on day j.
ch = the total number of Kaiser respondents

residing in census tract c on day j; and
(i=1,...,n)(c=1..., p) (j=1,..., m);

(k=1,..., 1)

.This leads to the specification of the statistical model (2. 5).

—Z‘é/As will be discussed in Chapter VI]], even if the mod€l to

test the second hypothesis had been specified correctly, it could
not have been tested because there were not enough observation
per census tract,
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. . = = ~ + ~ ~
el Bo T8 X icj TP 2ici T Ps¥sici TPy X iy t

BS;(Sicj * Bé;{éicj * p7§7icj * pB;(Bicj * B9§9icj *
plO;{IOicj T8 lillicj toees (2.5)
where
Xlicj =  the average age of patients consuming outpatient
medical services for disease i from census tract
c on day j.

XZicj = the percentage of the female sex consuming out-
patient medical services for disease i from cen-
sus tract c on day j.

X3icj = the percentage of married patients consuming
outpatient medical services for disease i from
census tract c on day j,

X4icj = the average number of people per household in
census tract c for individuals consuming out-
patient medical services for disease i on day j.

5ic] = the average household income in census tract c

for individuals consuming outpatient medical
services for disease i on day j.
Xéicj = the percentage of none-white patients in census

trace ¢ consuming outpatient medical services

for disease i on day j.
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the average frequency of alcohol consumption by

‘heavy drinkers in census tract ¢ who consume out-

patient medical services for disease i on day j.

the average smoking index of patients in census

tract ¢ who consume outpatient medical services

for disease i on day j.
an average index of occupational exposure to job
related pollutants for patients from census tract

c consuming outpatient medical services for

‘disease i on day j.

the average measure of meteorological conditions
for patients consuming outpatient medical ser-

vices for disease i from census tract c on day j

(expressed as degree days - the absolute dif-

ferences between the average daily temperature
and 6 SIOF).

an average measure of ambient air pollution for
patients consuming outpatient medical services
for disease i from census tract c on day j
(expressed in suspended particulate, micrograms
per cubit meter per day).

. 2
a random error term, where ¢ea N (0, o ), and
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(i=1:-~-: n); (j=1p~~~:m) (Czls---: p)o Andﬁoandﬁllare

the parameters to be estimated, Yicj is as previously defined in

(2. 4) above,

The dependent variable in (2. 5) is expressed as the per capita
cost of outpatient visits over census tract ¢ on day j. Three separate
items can influence the dependent variable in (2.5);: The consumption
of outpatient medical services per visit (Yijk_in (2.3)); the number
of contacts with the Kaiser system which result in medical services
being consumed; and the number of people at risk per census tract,

An increase, resulting from air pollution, in the number of contacts

consuming medical services could cause the per capita costs of out-

patient medical visits (Yicj) to increase, the number of people at
risk assumed constant. Similarly, increased consumption of medi-
cal services, resulting or associated with air pollution, would also
increase (Yicj)' It is highly probable that both of these affects
operate together,

Assuming a significant association between air pollution and
the per capita costs of outpatient visits in (2.5), one could not
determine whether the association would be caused by an increase
in the number of contacts with the medical system or an increase in
the consumption of medical services per contact., However, the null

hypothesis associated with (2. 3) permits a test on the consumption

of outpatient medical services per visit and air pollution. If this
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III. A DESCRIPTION OF THE STUDY AREA
AND THE KAISER PLAN

Introduction

This chapter provides a basis for discussing in the next several
chapters the data for each component of the study's data system -
medical, socioeconomic-demographic, air pollution, and meteor-
logical - and their inclusion within the statistical models. The first
section of the chapter describes the study area, and delineates some
of the characteristics which are common to the area, The second
section presents a description of the overall Kaiser system, and
then proceeds to discuss the Oregon Region Kaiser Foundation Health
Plan, The Kaiser five percent, ongoing, random sample, from
which the medical data used in this study were obtained, is then
detailed. The household interview administered to each eligible
subscriber and spouse of the five percent sample during 1970 and
1971 is presented. The last section discusses some aspects of the

data. which are held to be important,

The Study Area

The area of study centers within the Portland Standard Metro-
politan Statistical Area (S.M.S. A.) population 1, 009, 129.(68, p. 39-

175). The S.M. S. A. is made-up of Clackamas (county seat Oregon
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City), Multnomah (county seat Portland), and Washington (county
seat Hillsboro) counties in - Oregon, and Clark county (county seat
Vancouver) in the ‘State of Washington. . The study area is shown
in Figure 4, and is collectively made~up of the cities designated on
the map and the immediate, surrounding non-urban areas, The
'study area boundaries were determined by the availability of air
pollution data and proximity to the Kaiser medical facilities in
Portland, Beaverton, and Vancouver.  The study period is 1969 to
1970.

Portland, Oregon, population 381,927 (68, p. 39-175), is the
largest city in the S, M. S. A, and in Oregon. The city is located in
the northwestern part of the state, astride the Willamette River
near its confluence with the Columbia River. Together with the
rest of the S. M. S. A,, the city is an important trading, transporta-
tion, and manufacturing center for the Pacific Northwest. Racially
the area.is mostly white, with small groups of minority races,
mostly Oriéntals and Negroes (57, p. 394).

Industrially Portland is economically diversified. There are
a number of branch plants of Eastern companies (57, p. 395).
However, Portland does not have the industrial concentration of the
Atlantic Seaboard. Portland has seven major industries. These
include food processing and related agricultural production; textiles;

.lumber and wood products, including pulp and paper; chemical;
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aluminum and other metal fabricating plants; shipping (57, p. 395)
and tourism., Situated on the Columbia and Willamette Rivers,
Portland is an important export center for the Pacific Northwest,
-This is particularly true in the shipping of grain products from the
Inland Empire .of eastern Oregon and Washington, all of Idaho, west-
ern Montana and Wyoming, and parts of Utah and Nevada. (57, p.
395). Tourist visitation is particularly heavy in Portland during
the summer, because of Portland's convenient location with respect
to many recreational opportunities (73) and its annual rose parade
held in early June.

Portland is enclosed by two mountain ranges: the low Coast
Range on the west, and the Cascade Range to the east. Each range
is approximately 30 miles from the city. Portland is about 60 miles
from the Pacific Ocean., The Cascade Range provides a steep high
slope for the orographic lift of moisture laden westerly winds and
consequent heavy rainfall on the west side of the range. The Cascade
Range provides a barrier containing the Interior Columbia Basin
with its continental air masses. While most air flow in the Portland
area usually is northwesterly in spring and summer, and south-
easterly in fall and winter, there are occasional movements of dry
continental air from the east to the west through the Cascade passes
and the Columbia Gorge. When this occurs, extreme high and low

temperatures are experienced in the Portland area (73).
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With the exception of these temperature extremes,  Portland
has a definite mild winter rainfall climate, Average annual tempera-
ture is 52.9°F. Annual rainfall averages 37, 18 inches with 88 per-
cent of the annual total occuring between the months of October and
May. -On the average there are only five days each year with
measurable snow. Incursions of marine tempered air.are a moderat-
ing influenceon any temperature extremes, with extremes of heat
or cold lasting only a few days before being broken (73).

The region's greatest, area wide, pollution problem is sus-
pended particulates (4, p. 4). Periodic inversions during the fall
and winter months (September to February) can trap these particu-
lates for several days at a time causing visibility and other problems,
Sulfur dioxide, photochemical smog, and nitrogen dioxide are not
presently a serious problem in the Portland area (4, p. 3-4). In
many instances cloud cover rules out a photochemical smog problem,
Primarily only downtown Portland has a problem with pollutant
gases, mainly carbon monoxide. While there is some heavy industry
in Portland, pollution problems from these sources are usually
localized. The suspended particulate problem also extends southward
from Portland to the entire Willamette Valley. Extended periods of
atmospheric stability have allowed the build-up of pollutants within
the Valley (48, p. 12). The wind flow patterns in the Valley are

somewhat simpler than they are within the immediate Portland-
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Vancouver area, primarily because there is no influence in the Valley
of air flow pattern resulting from the Columbia-River Gorge. Air
flow patterns within the Willamette Valley are primarily channeled
by the Coast and Cascade Range: winds are predominately from the
north in the summer and from the south in the winter, The sea
breezes and associated marine air.incursion are of importance in

the Valley as they are in the Portland- Vancouver area (47, p. 159).

An Overall View of the Kaiser Medical System

The Kaiser System

The Kaiser-Permanente Medical Care Program is a non-profit,
group insurance plan which provides comprehensive medical care to
its members, Kaiser is one of the oldest and largest of its kind in
the nation. It has 2.2 million members, and was started by Henry J.
Kaiser, founder of the Kaiser Industrial empire, in 1938 to provide
medical care to construction workers at the remote Grand Coulee
Dam site in Washington (62, p. 1).

The plan operates in California, Oregon,. Hawaii, Colorado,

. anci Ohio, It has 2, 100 doctors, which represent nearly every
medical speciality. (62, p. 1). The group practice concept of provid-
ing medical care is at the heart of the Kaiser Plan. All of the doctors

within the six geographic regions independently contract with Kaiser
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Foundation Health Plan to provide medical services, Each region
develops its own budget, Membership fees are established by region;
however, variations among the regions are not considered substantial
(62, p. 21).

The physicians are organized into a medical group, a partner-
'ship, from which they receive their salaries. A new physician,
afte-f three years of straight salary, will be invited to join the
partnership. - This will usually entitle him to a year end bonus,  the
amount of which is determined by the success of the region in operat-
ing within its budget, The monetary compensation is usually com-
petitative with what the phys-{cian would earn in private practice
(62, p. 21).

Kaiser's emphasis in providing medical services has been to
eliminate unnecessary health careg/ and to concentrate on out-
patient care. While the national average for hospital admissions
averaged 137.9 a year per 1,000 people, Kaiser overall had cut this
to 80 admissions per-1,000 per year., The average length of hospital-

ization was 6, 65 days for Kaiser members compared to 7.8 days for

gl/-Unnecessary health care, from Kaiser's viewpoint,is

providing medical services to the patient which are of little medical
value to him, or the provision of the services within a framework
which is inefficient. For example, the use of a private room in a
hospital when a room of multiple occupancy would serve just as well;
or the administering of the services on an inpatient basis when an
outpatient visit to a clinic would accomplish just as much, and be
less expensive, '
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the national ave-rage.'z-ﬁ/ Because he has a financial stake in the
efficiency and profitability of the system, the Kaiser physician has
an incentive to avoid unnecessary hospitalization (62, p. 21).

In 1970 Kaiser's 2. 2 million members made 7, 6 million visits
to the doctors' offices and sPent. almost one million days in the
hospital, The members were cared for in the Plans' 21 hospitals
and 54 medical clinics.

- The Oregon Region, Kaiser Foundation Health Plan was estab-
lished in 1943. The Plan provides prepaid, comprehensive medical

29/

care to approximately 146, 000 members in 1970,— The plan is
sold mainly to organized groups (unions). The services are provided
on an inpatient and outpatient basis. They include physicians' ser-
vices in the hospital, or -office; hospitalization, surgery, laboratory
and X-ray, special nursing, emergency service, mental health,

and routine physical examinations, among other medical services.

The membership of the Oregon Region, from a socioeconomic

28/ The Kaiser Foundation Health Plan, Oregon Region average

length of stay for hospitalization of health plan members was 5. 2
days in 1970; average hospital admission per 1,000 members were
87. (Information obtained from Kaiser Foundation Health Plan,
Oregon Region, provided by Marilyn McCabe, Special Research
Assistant; Kaiser Health Services Research Center; Portland,
Oregon.)

29/

—="This was the membership for the Oregon Region as of
December 31, 1970, The information was obtained from Marilyn
McCabe, Kaiser Health Services Research Center,
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standpoint, is quite diverse. There is a complete span of
occupational-socioeconomic groups represented within the member-
ship (20, p. 938). It has been estimated that 15 percent of Portland-
Vancouver residents are enrolled in the plan (22, p. 298-299), and
receive most of their medical care through Kaiser's hospital and
six clinics, Kaiser also provides medical services to non-members
on a fee for service basis.

The Permanente Clinic is the partnership of physicians con-
tracting with the Kaiser Foundation Health Plan to provide medical
services to the membership., The Permanente Clinic is paid a
negotiated fee per health plan member. The fee is paid whether the
member seeks medical care or not, The income of the Permanente
Clinic is then distributed to the member physicians in a manner
determined by them (20, p. 938).

The socioeconomic-demographic and medical data for this
research came from the Kaiser Health Services Research Center,
Kaiser Research is a separate arm within the Kaiser system, The
‘Center is federally funded to provide a base of funds to attract quali-
fied people of different professional backgrounds to do research on
health services delivery as opposed to clinical research., Some of
the subjects Kaiser was investigating at the time of this study
included the impact of providing new kinds of medical services to a

population; impact on utilization, cost, and feasibility of new ways
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of providing existing services; providing medical care services to
new kinds of population; the system properties of the medical care
system and making efficient utilization of that system.

There were several advantages in using the Kaiser system for
this research, (1) There were approximately 150, 000 members in
the system. .This provided many data for research purposes. (2)
The population base at risk for medical services was continually
known. (3) The Kaiser system provided‘ a total range of medical
services from mental health to drugs. (4) The Kaiser data system

was readily amenable to use by modern data processing equipment,

A Description of the Five Percent Sample

The objectives and intent of studies conducted by Kaiser
Research were to explain the determinants of medical care utilization,
To accomplish these goals a five percent, ongoing, random sample
was drawn from the total membership in the Fall of 1966. A compre-
hensive system for computerizing the medical information for the
sample was developed. It was from the medical research on this
sample that the outpatient medical data for this study were obtained.
This section discusses the drawing of the sample and its
socioeconomic-demographic characteristics.

All the membership records of Kaiser Health Plan were

recorded on magnetic tape for ease of computer processing. Each
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family, and member within that family, were identified by a unique
number called the Health Plan Identification number (H. P. 1. D, ‘).':ﬂ/
This provided a reliable sampling framework from which to draw a
random, five percent sample of family units. The sampling method
approximated a two-stage probability sample. The primary sampling
unit was a five percent random sample of the family units, Approxi-
mating primary fa.milies,ﬂ/' the family units provided natural
clusters of individual elements, Kaiser felt that many medical care
phenomena were family oriented, hence all the elements (individuals)
within the cluster were included. Kaiser described this procedure
as being equivalent to subsampling with a sampling fraction of one in
the second stag.e.-:ﬁ/ The method provided an equal probability
cluster sample of the Kaiser Health Plan total population, allowing
estimates of medical care utilization to be made on either a family

or an individual basis when the appropriate variance formula is

used (22, p. 299).

Q/An H. P.I.D. number was assigned to each Kaiser member.

It was a ten place number: the first eight digits identified the family
unit, and the last two digits identified members within the family.

-3—l/A subscriber family may not necessarily include all the

members of the family; that is, some members of the primary
family may not be members of Kaiser Health Plan,

'—Z/See the following citation for a more complete presentation

of this sampling procedure, (27).
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'The original sample was drawn from a list of people eligible
for Kaiser Health Plan service on September 1, 1966, Each month
since then a five percent, random sample of all new families to
the Health Plan have been added to the overall sample (22, p. 300).
Hence, in the aggregate the sample is actually larger than five
percent of the total membership,

Once an individual is chosen for the five percent sample, he
will always be a member of the sample even if he should become a
non-member of the Health Plan. Continuous medical care utilization
is recorded whenever members of the sample use or contact the
‘Kaiser System. The original sample had 1487 member family units
with 4, 123 total individuals, By July 1968, 2, 311 families and
6,514 individuals were in the sample (22, p. 300).

The Kaiser five percent sample was designed to be representa-
tive of the Kaiser membership at any point in time (22, p. 300).
Characteristics of the total membership can be inferred from the
sample population. During 1967, 96 percent of the sample members
resided within the Portland Standard Metropolitan Statistical Area
(S.M.S.A,). Sixty-four percent of the total members resided in
Multnomah County (22, p. 302). There has been no reason to believe
that the distribution has changed materially for the other years of
the study period,

The representativeness of the total Kaiser membership to the
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S.M.S. A, is an unanswered question. One Kaiser researcher has
gone so far to state that, while not conducting a thorough investiga-
tion, the preliminary data he had seen did not indicate any significant
differences (61, p. 125, footnote no. 15). Some comparisons of the
Kaiser membership to the population of the S, M. S. A, have been
made based on the 1960 census. Four percent of the total member-
ship were nonwhite compared with three percent of the S. M. S, A,
The Kaiser Health Plan membership had slightly more members in
the under 25 age group and had slightly less in the over 65 age group
than the S. M. S. A, (22, p. 302).-3-:1/ Dr, Merwyn Greenlick, Director
of Kaiser Health Services Research Center, felt that the Kaiser mem-
bership was not significantly different from the. Portland S, M., S, A,
However, since the Kaiser membership was not randomly drawn from
the S. M.S. A,, he was wary of making inferences from membership

3
or sample results to the S. M., S, A."‘“l'/

’i:i'/Some other general characteristics of the Kaiser five

percent sample membership, not in comparison with the S. M. S. A,
showed that 81 percent were Protestants, and 16 percent were
Catholic. Eighty-one percent of the sample subscribers were
married. Eighty-seven percent of the subscribers were employed,
with semiskilled (24 percent) and clerical sales (23 percent) appear-
ing to be the main occupational categories (22, p. 302).

"é/Conve»rsation with Merwyn R. Greenlick, Ph, D, ; Director,

Kaiser Health Services Research Center; Portland, Oregon;
November 22, 1971.
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The Kaiser Household Interview

One of the specific aims of Kaiser Research was to examine
associations between socioeconomic-situational background character-
istics and the consumption of medical services in different disease
states, It was hypothesized that different background character-
istics were important determinants of medical consumption with
different disease situations (22, p. 299). To accomplish this objec~
tive a household interview survey, to elicit socioeconomic-
demographic and other data, was administered to members of the
five percent sample, It was from this survey that the socioeconomic-
demographic data were obtained for use in this study. This section
will briefly describe the purpose of the interview and how it was
administered,

A questionnaire survey was administered to each eligible
Kaiser Health Plan subscriber, or subscriber and covered spouse,
in the five percent sample beginning February 1970 and terminating
August 1971, To determine eligibility, the subscriber had to be a
member of Kaiser Health Plan beginning January 1, 1969. The only
exceptions to this were spouses whose mates were members of
Kaiser Health Plan January'l, 1969 and who became covered under
their mate's policy after January'l, 1969, These newly covered

spouses then became eligible to be interviewed. A subscriber was
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not interviewed, or his interview was not processed, if he was
eligible January 'l, 1969 but terminated Kaiser Health Plan before
being interviewed (or interviewed by mistake) and did not rejoin
before December 31, 1970, Of the 2, 890 eligible interviews, 2, 439
were processed, or 84,4 .percent,ﬁ/

The questionnajres were developed after-a review of the
sociological and social psychological literature on health and medical
care, Four types of- variables felt to create a need for medical
care were included: (1) Bio-social factors such as age and sex;

(2) situational or physical environmental conditions such as type
and place of work; (3) socio-cultural agents as drinking, smoking
or conventional health procedures; (4) psychological stress factors,
socially and environmentally produced, including financial problems
and family strife. Also included were three types of variables
thought to affect demand for the consumption of medical services:
(1) Socio-cultural factors included the valuation placed on health,
the determination of normal health states, and opinions on proper
sources of medical care; (2) social components such as pressure
resulting from interaction with family members, friends, and
colleagues at work; (3) psychological elements such as sick role

orientation, optimism or pessimism, or self-acceptance (21, p. 3).

35/ Unpublished Kaiser paper titled: West Coast Community

Surveys Household Interview Sample Statistics, October 1, 1971,
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In essence, the questionnaires described information on
socioeconomic~demographic characteristics and data on situational
and attitudinal traits,

The questionnaires were administered separately but simul-
taneously to husband and wife in two parent families. A different
but related questionnaire was administered to each spouse (question-
naires A and B).  This approach was utilized because it was felt
some data would be more reliable and valid if obtained from the
husband/father and some more reliable if obtained from the wife/
mother, Other data, especially that of a subjective nature such
as perceptual-attitudinal data, must be obtained from each person
independently (22, p, 300-301). In a one parent or single sub-
scriber household a C questionnaire was given which contained all
the 'questions of the A-B set, On the average it took one and one-
half hours to administer the que stionnaire,

Each interview was identified by the member's H, P.1. D.
number at the time of the interview. All members of the sub-
scriber's health plan were identified by unique person numbers.
These numbers allowed the <;1ata from the household survey to be

attached to the member's medical records.

A Comment On the Data Base

Before proceeding into a discussion of the several data bases,
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and their ‘inclusion within each of the statistical models, a word is in
order about the entire data base. A tremendous amount of data
were collected for use in the study. Because of time and other con-
straints not all the data were used. To make the current prgsenta-
tion more concise and meaningful, only data pertaining to this part
. of the study will be described.

Suffice it to say that meteorological, air pollution, medical
and socioeconomic data have been collected for the area bounded by
Salem, Oregon on the south; Kelso-Longview, Washington and
Rainer, Oregon on the nrothwest; Vancouver, Washington on the
north; and Troutdale, Oregon on the east, The study area for this
‘study has been delineated, of course, about the Portland S, M. S. A,

for reasons already given.
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IV. COMPILING THE MEDICAL DATA

Introduction

This chapter begins by describing the Kaiser "inpatient data
base, and then explains why this base was not included in this study.
The second section describes the Kaiser outpatient data base, and
details how this base was prepared for data processing. The final
section discusses the derivation of the dependent variable for each
of the statistical models, and the modifications of the variables for

use in the models.

Kaiser Inpatient’

A Brief Description of the Kaiser Inpatient. Data Base

. Since 1965 detailed socioeconomic and medical information has
been obtained on each inpatient admission to Bess Kaiser Hospital,
Annual inpatient admissions ran approximately nine percent of the
total Kaiser membership in any given year of the study period.

Kaiser inpatient data can be broken into three major categories:
socioeconomic-demographic, medical, and a functional evaluation

of the patient upon discharge from the hospital. The socioeconomic~

demographic data contained information on the patient's family

income, education, past illnesses, type of residence (apartment,
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house) and state of health, among other data. Drinking and smoking
. habits were obtained on each adult admission. The medical data
contained the patient's admitting and discharge diagnoses, date of
admission and discharge, and medical services received (number of
laboratory and radiology tests received). Data about the functional
ability of the patient upon discharge were obtained on the patient's
mobility, continence, physical rehabilitation, and activities of daily
living, among other data. Functional data were not obtained if the
patient was discharged to another hospital or had died.

The data collected on inpatient admissions were collectively
called the inpatient data, and were recorded on a set of five magnetic
tapes. Each tape was ordered by Health Plan Identification (H. P. 1
D, ) number and date of admission to the hospital. Three tapes con-
tained the original inaptient and Extended Care Facility (E.C., F. )3—6/
data, A fourth tape contained the records from the first three tapes
which had passed a validity check for accuracy. The fourth tape also
did not contain the E. C.F. data. A fifth tape contained the medical

records which had not passed the validity check, and which were

'3—6/An' E.C.F. can be described as a unit providing skilled

nursing or rehabilitation services to a patient on a less intensive
basis than a regular hospital, but more intensive than a regular
nursing home, At Kaiser the extended care service began April 1967
and ended December 31, 1968 when a federal grant supporting the
project was not renewed. E.C.F. care now for Kaiser patients is
provided by outside nursing homes,
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to be eventually corrected by Kaiser,

Copies of these tapes, with the exception of the tape containing
the records in error, were obtained from Kaiser Research. How-
ever, there were problems with the inpatient data as a whole which
prevented its use in this study. These problems are discussed in

the next section.

Reasons for Rejecting the Kaiser Inpatient Data

There were several problems and shortcomings associated with
the inpatient data which made it incompatable for use with the out-
patient medical data without extensive modification. For example,
drugs consumed by the patient while in the hospital were not coded.,
The type of laboratory and radiology procedures performed were not
coded in enough detail to really be of use in this study, If a patient

"changed H. P.I.D. numbers (because of name change, divorce,or
marriage, for example) the data on the inpatient tapes were not
resequenced to reflect the change; that is, the data for the patient
could appear under several H, P, I. D, numbers. The main method
of identifying an individual was by the H. P.I.D, number. The more

numbers he had, the more difficult the s.ituation.iz

i?-/One way around the multiple H. P. I. D. number problem

was to use the patient's medical chart number, which was coded
with the data input. Supposedly this number never changed.
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The admitting and discharge diagnoses, and the surgical

procedures were coded according to the International Classification

of Diseases, Adapted, more commonly referred to as the I, C.D.

A.§-8-/ Prior to January:l, 1970, .the 1962 revised edition of the
I.C.D. A. (43) was used for indexing inpatient records; the eighth
revision I, C, D, A, (42) has been used since January 1, 1970, The
1.C.D. A, numbers as between the two editions were not comparable,
However, it did not appear that the eighth revision could be recon+
ciled to the seventh revision to obtain compatability on diseases
coding for the entire study period. 39/ Kaiser, thus far, has made
no effort to do this,

Each surgical procedure should be related to the disease for

which it was performed. Beginning in June of 1970, and not

-3-8-/ The I, C.D. A, is a code used for the classification of

morbidity (diseases) and mortality (death) information for statistical
purposes. It is used also for the indexing of hospital records for
data storage and retrieval, The I.C.D. A. are periodically revised,
The 1968 edition of the 1. C. D, A, has served as a basis for coding
diagnostic data for the official morbidity and mortality statistics

in the United States (42, p. IX-X). See (42, p. IX-XXXII) for a
complete history on development and use of the I, C.D. A,

Each disease is identified by a four digit number, or has a
category to which it can be referred. In addition to the disease
classification there are further, supplementary classification for
accidents, special conditions and examination without sickness,
and surgical procedures,

Q/Conver'sa.tion with A, V., Hurtado, M, D, ; Chief, Depart-

ment of Medicine; Kaiser Foundation Hospitals; Portland, Oregon;
January 28, 1972.
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discovered until December 1971, the surgical procedures were
not recorded in this manmner, That is, it was impossible from the
recorded data to relate the specific surgical procedures to the
specific diseases., Kaiser Research was going back and recoding
all the errors,

In light of the above problems, the main question to answer
was whether it was worth searching the tapes for the medical records
of the five percent sample members who responded to the household
interview., Several preliminary analyses were made to assess the
advisability of searching either set of tapes for extended care-
hospital inpatient medical utilization, or just hospital inpatient
utilization, The analyses made use of Kaiser statistics on hospital
and extended care discharges by I. C. D, A, category (diseases of

o
the respiratory and circulatory systems, for example) of the entire
Kaiser membership for 1967 and 1968. Results from these statistics
were adjusted and inferred to the five percent sample. In e.ssen‘ce,
it was found that the -extra information obtained on extended care-
hospital dié-char-ges, or just hospital discharges, would not justify
the programming and computer expense to search 65,000 records

in order to procure -it.ﬂ/ - This was especially true in light of the

40/ The number of respondents to the household interview,

including dependents, was assumed to be 5,000 individuals, A per-
centage of extended care-hospital discharges per disease category
to total extended care-hospital discharges was calculated for each
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fact the data would have had to be extensively revised and manipu-

lated to make them compatible for use with the outpatient data,

Kaiser Outpatient

An Abstraction of the Kaiser Qutpatient Medical Data

All outpatient medical care utilization by the five percent
sample were recorded by medical record te-chnic.ians on forms
specifically prepared for computer processing. All contacts (includ-
ing telephone calls and letters) with the Kaiser Health Plan system
have been continuously recorded on an ongoing basis, on magnetic
tape, since January'1967. Data recorded for each contact include,
among others, date, time, place, and type of service. The major

symptoms and duration of these symptoms were recorded for each

disease category. The percentages were then applied to the

5,000 sample membership to estimate how many sample members
would be discharged from extended care or the hospital for certain
disease categories. For 1967 hospital-extended care discharges
were estimated, respectively, for the following disease categories:
diseases of the respiratory system 39 and two; diseases of the
circulatory system 43 and seven; neoplasms (benign, malignant
and unspecified) 36 and five, In 1968, when the extended care
facility was in full operation, the discharges were as follows for
hospital and extended care, respectively: diseases of the circula-
tory system 42 and 17; diseases of the respiratory system 35 and
six; neoplasms 32 and nine,
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presenting and associated morbidity, 41/ The medical procedures
rendered, including laboratory and X-ray, were coded in detail
for each visit, |

With one exception, the presenting and associated morbidities
were coded according to the 1962 revised edition I, C. D, A, (43) as
supplemented and adapted by Kaiser. The exception was the use of
symptom codes (called '""T codes'') developed by Kaiser to be used
in many of the cases where a disease condition was not diagnosed
before patient care terminates., That is, in routine, nonhospital
cases, many conditions may not be definitely diagnosed before
physician care of the patient terminates, Symptoms represented
the final diagnosis for ten percent of the patients utilizing outpatient
services at Kaiser (28, p. 249). Finding symptoms codes in the
I.C.D. A, nofc extensive, nor unique enough for each disease state
in many instances, and to facilitate ease of coding and analyzing

presenting and associated morbidity data, Kaiser developed its own

ﬂ/In the event care was given two or more morbidities dur-

ing the same contact with the system, the morbidity that provoked
the -contact was identified as the presenting morbidity and the

others as associated morbidities. The use of the term associated
did not mean that the diseases were necessarily clinically linked

to each other., The term means they were associated in time only
for the same contact as the presenting morbidity. Nor should

the refinement between presenting and associated morbidities be
linked with the seriousness of either disease; a presenting morbidity
could be minor, whereas the associated morbidity could be a2 major
disease (32, p. 16-17).



80
symptom classification system, KEach organ system was assigned
a single block of numbers, and additional number groups were given
to nonspecific and psychiatric symptoms., Since the I.C.D. A, have
some symptom codes, Kaiser used the letter T to distinguish its
codes from the I. C.D. A,

The coding system used to identify each medical procedure
rendered was an adaptation by Kaiser of the 1964 California Relative
Value Fee Schedule (5). Each medical procedure performed on the
patient was translated into a unique four digit number for coding
purposes.

The medical data system was set up in such a way that all
medical services rendered could be identified with the disease for
which they were performed. This was accomplished by an eight
place number composed of the date upon which the service was per-
formed, the number of visits for that day, and the morbidity number.

Many of the problems which existed with the inpatient data did
not occur with the outpatient system, The same I.C.D, A, edition
(43) was used throughout the four year period. - The outpatient tapes
were in H, P,I.D, order By date of service, .The master tapes were
resequenced in December 1971. All medical records appeared under
the latest H. P.I. D. number as of the date of resequencing. The
medical procedures rendered were coded in greater specificity

thanks to the expanded use of the California Relative Value method
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of coding medical procedures.

However, there were two major shortcomings which existed
with the outpatient data, As with the inpatient data, the consumption
of drugs were not coded for the five percent sample during the study
period, If a patient received medical services outside the Kaiser
system such services were not included in the Kaiser data,

Preparing the Kaiser Qutpatient Data for Use
in the Statistical Models

The outpatient medical data were received from Kaiser on two
magnetic types.  The tapes were ordered by H. P.I. D. number and
date of service, The tapes contained 145,000 separate outpatient
medical records on the five percent sample for 1967-1970. These
tapes were searched by H, P, I. D. number to obtain only medical
records for which socioeconomic data were available from the house-
hold interview. A new tape containing 103, 000 records was generated.
The medical and socioeconomic data-would be matched together by

42/

H. P.I.D. numbers,—

A thorough search was made of the I.C.D. A, and T-Codes as

ﬁ/An extra precaution had to be taken within the program for

"H.P.I.D. numbers that had changed since the household interview
date, The problem arose where only one member of the family unit
who was interviewed changed H. P.I1. D, numbers., It was highly
probable with such changes that covered dependents stayed under the
old H. P, I.D. number. Hence, in creating the new medical tapes,
medical records were accepted under both H, P, I, D, numbers.
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used by Kaiser (29) to prepare a list of over 500 diseases and
symptoms which were thought to be aggrevated by or associated
with air pollution.fl—g’/ The codes were grouped into eight categories
as follows: diseases of the respiratory system, allergies affecting
respiratory system, other allergies and skin diseases, diseases of
the circulatory system, diseases of the digestive system, diseases
of the eye, diseases of the genitourinary system, and other diseases.
Within the system acute and chronic diseases were grouped separately,
as were benign and malignant neoplasms.

An outline of the system, including major categorical break-
downs, may be seen in Table 1. Each disease is a continuation in
the specificity of thé outline and, as such, is identified by a code
such that any single disease or group of diseases can be analyzed,
That is, each disease has been grouped together within the eight
classifications on an outline basis (I-A-1-a is a malignant neoplasm
of tHe nose, for example), The outline code (I-A-1-a) and the
I.C.D. A. and T-code number were coded for each disease. Specify-
ing I-A-1-a would allow only malignant neoplasms of the nose to be
included in the analysis; specifying I-A-B would allow all diseases of

the upper respiratory system to be included.

ﬁlAppre-ciation is expressed to Sheldon Wagner, M. D, ;

Head, Oregon State University Environmental Health Unit; Good
Samaritan Hospital; Corvallis, Oregon, . for his help in developing
this list.
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Table 1. The disease classification system.

I Respiratory System
A, Upper respiratory neoplasms
B. Upper respiratory infections
C. Lower respiratory infections
D. Lower respiratory neoplasms

II. Allergies Affecting Respiratory System

A, Asthma
B. Hay fever
C. Specific diseases

III. Other Allergies and Skin Diseases

A, Eczema
B. Other allergies
C. Other skin diseases
D. Specific diseases - allergies

IV, Diseases of the Circulatory System
A, Heart
B. Circulatory system

V. Diseases of the Digestive System

A, Upper gastrointestinal tract - neoplasms
B. Ulcer of the upper gastrointenstinal tract
C. Lower gastrointestinal tract - neoplasms

VL. Diseases of the Eye

A, Inflamatory diseases of the eye

B. Non-specific eye complaints
VII., Diseases of the Genitourinary System

A, Benign neoplasms

B. Malignant neoplasms

C. Nephritis and nephrosis
VIII. Other Diseases

A, Symptoms and diagnoses referrable to nervous
system and special senses
‘B. Emotional, mental,and psychotic disorders

C. Other specific diseases
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‘This listing was used to search the reduced outpatient medical
tape discussed above, by I.C.D. A, and T-code number, .to create
a.third outpatient tape :containing only the medical records of house-
hold interview respondents and covered dependents afflicted by the
diseases on the list, The '"Outpatient I.C.D, A., T-Code Tape}' as
it is called, . contained 24, 000 records for the 1967-1970 period. It
became the main medical tape, and was employed for generating
other tapes used in the statistical analysis,

The Statistical Models: A Derivation
of the Dependent Variables

Model 2.3

The California Relative. Value Schedule Units. In Chapter II

an index of medical services was described which would eliminate
a disadvantage inherent in the use of dollar expenditures for quantify-
ing medical services consumed. The index would have the prime
advantage of dollar values or expenditures by allowing aggregation
of different kinds of medical services. The index would also reflect
the intensity of medical services used to treat the disease state.

No index was found which perfectly met the above criteria,
However, the California Relative Value Schedule (C.R.V.S.) appeared
to be an appropriate compromise and was already in extensive use by

Kaiser Research for coding medical procedures, The C.R.V.S. was



85
formulated in its first edition in 1956 by the Committee on Fees,
California Medical Association., The main objective of the Committee
was to develop a set of principles to govern the development of fee
schedules in California, and in so doing provide some uniformity in
the setting of fees where none existed before (5, p. 64). As part
of this objective, the Committee also established a uniform nomen-
clature of medical procedures, and a standardized code to designate
each procedure,

The Committee found, through a survey of the California
Medical Association miembership, that, while the dollar value of fees
varied widely throughout the state, the relationship between fees
for the same procedure remained essentially the same (5, p. 64).
For example, if procedure A cost twice as much as procedure B
in community X, it was found in community Y that A é.lso cost twice
as much as B, even though the dollar fees charged for each procedure
could be widely different as between X and Y. Expressed as relative
~value units for each 'pro-cedure; the relationship between A and B
could adequately be reflected for the whole state in one figure. - The
differences in fees charged per geographical area-would be taken
account of in the conversion factor, taken times each unit, which
changes the relative value units to dollar value,

The Committee recognized that for the C. R, V., S, to be viable

it would have to be periodically revised to keep abreast of changes in



86
the medical field.

New methods of doing the same procedure increase or

decrease the amount of time or skill required, with a

resulting change in the compensation the physician should

receive for the services (5, p. 65).

The Committee has put out a new edition of the C.R. V.S. every
three to five years reflecting new factors of medical practice.

The C.R. V.S, was selected as the best approximation available
for'thedesired index. For this study, its use had the following
advantages., (1) All services are identified by a four digit code,
and most services are weighted by a unit value. (2) These codes
and unit values are applicable to an entire range of medical services:
medicine, anesthesia, radiology, surgery, and laboratory for the °
1964 edition C.R.V.S. (5). (3) Kaiser Research used the C.R, V. S.
procedure codes, 1964 edition, to code medical services for out-
patient care, (4) Kaiser, with some modification to fit their own
purposes, has coded the procedure numbers and unit values for the
1964 edition C.R.V.S. on magnetic tape. The tape was continually
updated by Kaiser to reflect changes in providing medical services.
A copy of this tape was obtained from Kaiser, (5) The C,R. V.S,
units represented, to the extent each service is accurately defined,
periodically evaluated, and consistently applied (which appears to
be the case with Kaiser), the best approximation of the amount of

output actually provided in rendering medical services to the patient,
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(6) . The units can be added to quantify all medical services in one
.«common unit, or converted into dollar value and still have an
accurate approximation of the quantity of medical services consumed,

The C.R.V.S. tape received from Kaiser was modified for

anesthesia procedures used in surgery. Kaiser had four anesthesia
procedures used in outpatient treatment for which unit values had
notbeenassigned, Calculation of anesthesia units in the 1964 edition
C.R. V.S, is determined by adding the listed basic unit for anesthesia
per surgical procedure to the time, converted to units, spent in
administering the anesthesia. Kaiser had recorded on its tape only
the units applicable to each surgical procedure, and not the basic
units applicable to the anesthesia. The C.R.V.S. tape was modified
by attaching the basic anesthesia units to each surgical procedure.
Hence, whenever an outpatient surgical procedure required anesthesia,
the basic anesthesia units were added to the units for the surgical
procedure., Efforts to find some mean or median value of time
spent on each surgical procedure was not successful, Hence, the
time factor was not taken into account in calculating anesthesia units
per surgical procedure,

The Index of Medical Services ;(Yij To express the effect

k)'

of air pollution on health as an economic cost required that the
C.R.V.S. units per medical procedure be converted to dollar values.

This had to be done in a manner that would not distort the quantity
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of medical services consumed as measured by the C.R. V.S, units,
That is, the relative value between procedures in the same medical
category (surgery, for example) should not be allowed to change,
This was accomplished by taking each C.R, V. S. unit per medical
category times a constant dollar equivalency (conversion) provided
by Kaiser. The dollar equivalences per medical category are shown
in Table 2.

Table 2. Outpatient California relative value
schedule dollar equivalency fees,

Medical Dollar

Category Equivalency
Surgery ' $ 6.50
Pediatrics -$ 7.00
Laboratory and radiology $ 7.00
All other $ 8.00

The dollar equivalences came from two sources. The credit
office, Bess Kaiser Hospital, provided the dollar conversions for
surgery, pediatrics, and all other. The laboratory and radiology
conversion factor was obtained from Kaiser Research Center, The
credit office used the 1964 edition C. R, V. S,, and the dollar equival-
encies shown in Table 2, for billing all medical procedures to
nonmembers on a fee for service basis, except laboratory and

radiology services, where the 1969 edition C.R, V.S. was used (6).
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The dollar equivalencies were established January 1, 1969, The
equivalencies, taken times the C.R, V.S, units, reflected the going
fee for services rate of professional outpatient medical services in
Portland,ﬁ/ The resulting dollar values in no way reflected Kaiser's
costs of providing the services. Unfortunately Kaiser did not have
a detailed enough cost accounting system to provide such information.

Laboratory and radiology procedures in the 1969 C.R. V.S,
were extensively revised from the 1964 C.R. V.S, The two editions
were not comparable, Hence, a dollar equivalency for laboratory
and radiology services was obtained from Kaiser Research Center,
This dollar equivalency was used by Kaiser to bill their Office of
Economic Opportunity grant for certain laboratory and radiology
procedures not paid for by Oregon State Welfare.éé/ *This dollar
equivalency, set in January 1969, was also held to be representative
of fee for service charges for laboratory and radiology procedures

in the Portland area,

4—/Conversation with Jack Thomas, Credit Manager; Bess

Kaiser Hospital; Portland, Oregon, July 13, 1972.

ﬁ/Ka.iser was awarded an Office of Economic Opportunity grant
to provide prepaid medical services to a select group of indigent
families in Portland. Some of these same families were also eligible
to receive medical services from Kaiser under state welfare, State
welfare would reimburse Kaiser for the services provided on a set
fee schedule. However, state welfare would not pay for certain
procedures, which were billed by Kaiser Research to the Office of
Economic Opportunity grant. (According to Henry Lamb; Financial
Division; Kaiser Foundation Hospitals; July 28, 1972.)
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The C.R, V. S. units were converted to dollar values (Yi'

Jk) as

follows. By code number, each medical procedure on the Kaiser
outpatient tape was matched against the same procedure. on the
C. R V.S. tape. The units on the C.R., V.S, tape were then multiplied
by .the appropriate dollar equivalencies. For pediatrics. and surgical
procedures the appropriate dollar equivalency to assign was deter-
mined by the numeric codes assigned the doctors., The laborz;tor-y
and radiology procedures were grouped on the outpatient tape within
a.given field, hence procedures in these fields were matched and
converted to dollar values. All other procedures and respective
units were taken times the eight dollar equivalency.

Certain coded medical procedures in the 1964 C.R. V. S. edition
did not have unit values assigned to them. This primarily seemed
to occur when the services rendered were unusual and difficult to
quantify. Unless Kaiser modified the C.R. V.S. and assigned units
to these procedures, no attempt was made to proxy a value for them,
The problem was not widespread enough to be considered that
important. However, to the extent these services were used by out-

patients, Y.,

ijk would represent an understatement of the dollar value

of medical services consumed,

In essence then, Y . represents the summation of dollar values,
i

jk

-converted C.R, V.S, units, for all outpatient medical services

rendered in treating a presenting and/or associated morbidity in the
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same office visit per individual per day.
Model 2,5

Per Capita Costs of Outpatient Visits -(Yicj). The dependent

variable of (2.5) represents the summation of dollar values, con-
~verted C,R. V,S, units, (expressed on a per capita basis), for all
outpatient medical services rendered to Kaiser questionnaire respon-
dents, per census tract, in treating a presenting and/or associated

morbidity in the same office visit per day,
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V.. COMPILING THE SOCIOECONOMIC - DEMOGRAPHIC DATA

Introduction

This ‘chapter begins by discussing the source of the
socioeconomic-demographic data used in this study. The preparation
of the data base for use in the statistical models is briefly sum-
marized. The next section presents the derivation of the
socioeconomic-demographic variables from the data base. The trans-
formations and other modifications performed on the variables to
make them more amenable for use in the models are detailed. The
chapter ends by discussing the reasons for not including certain
variables, suggested in Chapter II, within the final specifications
of the statis-;cical models,

The Socioeconomic - Demographic Data:
Kaiser Household Interview

The socioeconomic-demographic data used in this study were
obtained from the household interview administered to eligible
members of the five percent sample. A request was submitted to
Kaiser Research asking for certain data from the interview. The
data were received from Kaiser on magnetic tape, with each inter-
view ordered by Health Plan Identification (H. P.I, D.) number,

Several errors were discovered on the tape, These included
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H. P.I1.D. numbers that were in error, coding mistakes on several
questions, -and two missing interviews. A new tape was generated
on which the errors were corrected, and new H, P.I. D, numbers
inserted for respondents who had changed their numbers since the
interview date, The latter was extremely important since the
socioeconomic-demographic data from the questionnaire would be
matched to the medical records by H, P.I. D, number per disease
category (see Table 1).

It was decided to use only the medical records of respondents
to the questionnaire for analysis purposes, The 1;eason is that more
complete socioeconomic data existed for the respondents, Many of
the variables expressed for jnclus-.ion in the statistical models did
not exist for Kaiser members.whc; wére dependenté., or lived with
the respondents to the ‘questionnaire,

The Statistical Models: A Derivation of the Independent
.Socioeconomic-Demographic Variables

This section will discuss the derivation of each independent
variable specified with the statistical models. Each variable in
(2.3) is ‘also represented in (2. 5); i.e., the variables are the same,
except for specification as individual or aggregate variables,
respectively. Except where noted, each variable has the same

hypothesized relationship with the dependent variable. Hence, the
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variables of the two models will be discussed simultaneously,

Most of the que stions on the Kaiser household interview were
coded with a numeric code, with each number representing a verbal
response to the question. To alleviate the problem of having to use
multiple dummy variables to segregate the answers for the same
‘question into different response categories, the data were trans-
formed (respecified) into continuous data wherever possible. These
transformations and other modifications performed on each variable

will be discussed in detail,

Age of the Patient: X,.. - Model 2.3, X.. . - Model 2.5
' lijk licj

It is expected that a higher consumption of medical services
would be associated with older patients. Hence, higher values of
this variable are expected to be positively related to the consumption
of medical services, The age of the patient is expressed in years

as of the date of medical service.

Sex of the Patient: X_... - Model 2.3, X_. . - Model 2.5
_ 2ijk 2icj

This variable is expressed as a zero if the patient is male, or
a one if the patient is female in (2. 3). In (2.5) the variable is
expressed as the percentage of female patients seeking medical

care,
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The sign of the relationship between the independent variable
(sex) and the dependent variable in each model will be determined
by what diseases are analyzed within the dependent variables. For
example, the incidence of emphysema has been reported to be ten
times greater in men than women (15, p. 13). If the dependent
variables were limited to include only emphysema, then one could
expect the men to be more acutely ill and to consume more medical
services. The sex variable, since a one represents females, would
be expected to have a negative relationship to the dependent variable
in each model; i.e., women consume fewer medical services than
men,

The sign of the sex variable is harder to determine when many
diseases are analyzed at the same time. For example, if many
diseases were aggregated in the dependent variable, and the incidence
of the disease, in the aggregate, per sex were not known a priori,
then the sign of the variable cannot be predicted., That is, there
may be some differences in the consumption of medical services

due to sex, but a priori'the difference cannot be predicted.

Marital Status: X_.. - Model 2.3, X_. . - Model 2.5
3ijk 3icj

In (2. 3) this variable is expressed as a zero if the patient is
not married, and a one if he is. In (2.5) the variable is expressed

as the percent of married patients seeking medical care per census
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tract, For reasons detailed in Chapter II, this variable is expected
to negatively related to the consumption of medical services.

Number of People in the Patient's Household:

., - Model 2.3, X, . - 12
X iji o Model 2.3, X . - Model 2.5

It was desired to have some kind of density measure, such as
the number of persons per room, as an indication of crowding within
the patient's home., Increased crowding could result in more physi-
cal and emotional strain being placed upon all household members,
and also increase the possibility of initial infection and reinfection
of the household members with certain respiratory diseases. This
would result in the increased consumption of medical services,

A density measure could not be obtained or specified from the
Kaiser data. The number of people residing in the patient's house-
hold was the best measure that could be obtained. The variable
includes not only members of the immediate family, but anyone else
living in the household at the time of the interview. Higher values
of the variable, while not reflecting the physical separation of house-
hold members, still reflects the increased possibility of infection
and reinfection of household members with certain upper respiratory

diseases resulting in higher consumption of medical services.
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Household Income: X ... - Model 2. 3, ;( . .= Model 2.5
' 5ijk 5icj .

Household income is included as a measure of the ability of
the patient's household to make expenditures, in lieu of consuming
medical services, to preserve and improve their state of health,
Given the basis that all Kaiser members have the same opportunity
to consume Kaiser medical care, it is expected that this variable
will be negatively related to the consumption of medical services.

Initially it was desired to measure the patient's permanent
family income in order to eliminate transitory income changes which
might occur over time. A measure of permanent family income
‘could not be obtained directly from the Kaiser data, and there
appeared to be no valid way of estimating it from the available data,
Therefore, an estimate of the 1969 household income, before taxes
and from all sources, was substituted in its place,

The question in the household interview obtaining data on
household income was stated as follows:

Here is a list of different yearly income groups, Could

‘you tell me which group comes closest to the total

amount that all members of this household, combined,

received in the year 1969 from all sources before

taxes?

It should be pointed out that in most instances the income

question was asked of only one respondent per household. For

example, . in an A-B questionnaire set for married couples, the
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income question appeared on the A questionnaire but not the ‘B,
where the A questionnaire was given to the male respondent and the
B questionnaire to the female respondent, If B required medical
service, A's answer would be assigned to her as a measure of the
household income., If two C questionnaires were administered to
respondents living in the same household,éﬁ/ and the responses to
the household income question were different as between the two
respondents, then the two responses were averaged to obtain an
estimate of household income. Out of the 2, 439 questionnaires, this
happened approximately five times,

Table 3, The household income question and trans-
formations on the response categories,

Response Category ‘ Transformations
Under "$2, 500 per year $ 1,250
$ 2,500 - $ 3,499 $ 3,000
$ 3,500 - % 4,999 $ 4,250
$ 5,000 - $ 6,499 $ 5, 750
$ 6,500 - $ 7,499 $ 7,000
$ 7,500 - $ 9,999 $ 8,750
$10, 000 - $14,999 $12, 500
$15, 000 - $19,999 $17, 500
Over $20, 000 +$32,000

-&/ This happened only when husband and wife both worked,
were separate subscribers to the Kaiser Health Plan, and were
both members of the five percent sample.
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Table 3 shows the transformations on each response category,
As can be seen, the midpoint of each category was taken as the
answer for the entire category., For example, if a -respondent indi-
cated his household income was between $10, 000 and $14, 999, then
he would be ass-ignedv an income level of $12, 500 for his response, if
he sought medical care., The assumption behind the transformation
'is that actual household income of all respondents to this category
would be normally distributed about the midpoint., In actuality,
however, the distribution within the category responses are probably
skewed, particularly within the categories at the extremes of the
income ‘levels,

A frequency distribution was calculated for each of the nine
responses on the household income question. It was found that seven
percent of the households had incomes over $20, 000 (the last
response in Table 3). To make the last response comparable to the
other -categories, the median income of those who earned $20, 000
or over had to be estimated. lThis was accomplished by using
census data from the Portland Standard Metropolitan Statistical Area
(S.M. S. A.).

. The household income question formulated by Kaiser is in
essence the same as the Bureau of Census's ''income of families
and unrelated individuals'' for which data is published (68, p. 39-

191). The use of census data made it necessary to assume that the
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Kaiser membership does not materially differ from the rest of the
S.M.S. A, The income categories published by the Census Bureau
for the 'income of families and unrelated individuals' are not the
same as the Kaiser response categories in'Table 3. However,
there was enough similarity at the upper income levels to construct
a frequency polygon, The frequency polygon was used to estimate
a median income of $32, 000 for those households which indicated

they earned over $20, 000.

Race: X,.. and X_.. .- Model 2:3, X

6iik 7ijk .~ Model 2.5

bicj

In Model (2. 3) the race variables are expressed as dummy

variables.inthe following manner::

Race Xeijk  “7ijk
Negro 1 0
Other non-white. 0 1
White . 0 0

On each variable the statistical test is whether the consumption of
medical services is different for Negroes, or others (mostly
Oriental), as compared to the consumption of medical services by
whites.

In Model (2. 5) the Negro and other non-white variables are

combined together, and expressed as the percentage of non-white
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patients consuming medical services, The variable permits a test
on whether the consumption of medical services by non-whites is
materially different from whites.

As with the sex variable, the relationship of the race variables
to the consumption of medical services will depend upon what diseases
are aggregated in the dependent variable. If the incidences of
diseases included in the variable were race related, then one would
expect a positive relationship between the variable representing that
race and the consumption of medical services, If the relationship of
race to disease incidence is not known, then, a priori, the sign of the

variable's coefficient cannot be determined.

ic: i : . dX_ ... - d
Physical Fitness XBiJk an 9iik Model 2.3

A physically fit patient usually has a better state of health,
and hence would be expected to consume fewer medical services;
i.e., these variables are expected to have a negative relationship
to the dependent variable in (2. 3).

There was one question in the household interview which
obtained information on physical fitness, It was.stated to the
respondent as follows:

How much time and energy do you spend being physically
fit - a great deal, some, or very little?
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Dummy variables were used to describe the qualitative response

as follows in (2, 3)

. . X
Physical Fitness X8'1jk 9ijk

Great deal of time
and energy 1 0

Some time and energy 0 1
Very little time
and energy 0 0

Adm{ttedly the responses to the physical fitness question are
subjective, and hence there is difficulty in standardizing the answers
as between responses, However, this was the best measure of
physical fitness available within the interview, and no other way
could be seen to respecify the variable.. And, secondly, the use of
qualitative (dummy) variables does permit explaining some dif-
ferences between individual responses.

Physical fitness was not included as a variable (2.5). The
main reason was that only qualitative variables could be used to
represent each response., Aggregation of qualitative variables
(which represent individual, subjective responses) over census tracts,
where variations in group behavior are being explained, presents

a problem of adequately interpreting the results,
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Drinking: X - Model 2.3, X_, ;- Model 2.5

10ijk 7ic

This variable expresses the number of times in the last 12
months, from the date .of the interview, the patient has had the
equivalent of about six drinks, a bottle of table wine, or eight cans
of beer, Higher values of this variable are expected to be associ-
ated with a poor state of health, and hence require a greater consump-
tion of medical services on the part of the patient; i.e., this variable
is expected to be related positively to the dependent variables in
both models,

-Table 4 shows the transformations on each response category
of the question. The transformations were constructed by taking the
midpoint of each time period indicated in the response,

Table 4. Transformations performed on the responses
to the drinking question,

Response Categories ‘Transformations
Every day or nearly every day 365.0
Three or four times a week . 182.5
Once or twice a week 78. 2
Two or three times a month 30.0
About once a month 12.0
Six to eleven times a year 8.5
One to five times a year 3.0
Never in the last 12 months 0.0
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Cigarette Smoking Indexy X - Model 2. 3,

11ijk

o : — Model 2.5
2icj

. The smoking characteristics of each individual patient were
incorporated into one single index, The index took a value of zero
if the -patient did not smoke, and went to a high of 1960 for current
smokers who had smoked the longest period of time-and the largest
number of cigarettes per day. The index also incorporated in it the
smoking characteristics of former smokers including the amount
they smoked, how long they smoked, and how long it had been since
they stopped smoking.

Two sets of questions from the household interview were used
to obtain information on the smoking habits of current and former
cigarette smokers, The first question asked the respondent if he
currently smoked cigarettes, and, if he did, how many cigarettes
he smoked each day; and how many years had he smoked. The
responses to this question are labeled as (I) in Table 5, which
presents the transformations for each response category. The
second question asked former smokers how many cigarettes they
used to smoke, how many years they had smoked, and how long had
it been since they had stopped smoking. The responses to this
question are labeled (II) in Table 5.

In Table 5, the transformations were constructed by taking
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the midpoint of each responsecategory., For the open ended responses,
the following criteria were followed. A frequency distribution of
the 'q.ues.tionnaire respondents showed that fewer than nine respond-
ents, out of 2, 439 possible, .indicated they currently simoked, or
had ever smoked, more than 61 cigarettes a day. It was decided
that the midpoint of three packs, 70 cigarettes, would be a logical
cut off point for this response category.

A frequency distribution on age was generated for the question-
naire respondents. Their median age was calculated to be 46, The
legal age for smoking in Oregon is 18. Most people who do smoke
have started by this age, if not before., Hence, 18 would probably
be a good estimate of the median age when people start smoking,.
Therefore, 28 years (the difference between 46 and 18 years of age)
appeared to be a reasonable cut off for those who indicated they
smoked for 20 years or more.

The last response category in Table 5 (II-C), asking the for-
mer smoker how long it had been since he stopped smoking, was for
over ten years, The American Cancer Society and other researchers
have established that after ten years of no smoking, the death rates
of former smokers and lifelong abstainers are virtually the same
(3, p: .131; 82, p. 145), Given this evidence and the structuring of
the last response category in (II-C), it was felt that 13,5 years

would be a reasonable cut off point for those who indicated they had
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Smoking characteristics and transformations on the

response categories.
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Response categories ~Transformations
(I) Current smokers
A, Number of cigarettes per day
‘Under 10 5
10 to 20 15
21 to 40 30
41 to 60 50
61 and over 70
B. Number of years smoked
Under 1 year 0.50
1 to 3 years 2.50
4 to 5 years 5.00
6 to 10 years 8.50
11 to 20 years 15.00
Over 20 years 28. 00
(II) Former smokers
A. Number cigarettes per day
Under '10 5
10 to 20 15
21 to 40 30
41 to 60 50
61 and over 70
-B. Number of years smoked
Under '1 year 0. 50
1 to 3 years 2.50
4 to 5 years 5.00
6 to 10 years 8.50
11 to 20 years 15,00
Over 20 years 28.00
C. Number of years since
‘cessation of smoking
‘Less than '3 months 0.13
4 to 6 months 0.42
7 months to 1 year 0.79
More than'l to 3 years 2.50
4 to 5 years 5.00
6 to 10 years 8.50
Over 10 years 13.50
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quit smoking over ten years ago.

There is a direct association between the number of cigarettes
‘'smoked per day, the number of years smoked, and mortality and
morbidity incidences .of lung cancer and coronary disease (80; 82, p.’
11)., It appears that as the number of years since cessation of
smoking increases, the state of health of the ex-smoker becomes
comparable to those who have never smoked. There is also an
immediate response of the body to cessation of smoking, Within
six months after a person quits smoking, the bronchial system
improves to a steady state; i.e., pulmonary function or vital capacity

- 47/ . . . 1
stabilizes.,— There is an immediate response of the cilia to cessa-
: y . ... 48/ .
tion of smoking. Each cigarette paralyzes the cilia=— for 20 minutes,
It is the opinion of some medical authorities that it takes from three
to six weeks after cessation of smoking to make a reasonable dif-

- . . 49/
ference in the ability of the body to ward off infection.—=

It was desired to construct some form of index which would at

i’l/-Convers-ation with James F, Morris, M, D,; Veterans

Administration Hospital; Portland, Oregon; December 3, 1971,

ig/C-ilia are hairlike -cells that line the airways and by their

movement propel the dirt and germ-filled mucus out of the respira-
tory tract (44, p. 91).

112/Con_versation with Arthur Koski, Head and Professor;

Department of Health Education; Oregon State University; Corvallis
Oregon; Qctober ‘19, 1971,
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least have some potential of reflecting the conditions described in

the last paragraph, Extensive reading of the medical literature

and conversation with medical authorities failed to give any clues

as to the construction or existence of such an index. Finally, an

index, described by Equation (5. 1), was developed from the Kaiser

data in Table 5 and used in this study,

(A +B) (C,+D)

(5.1)
l-i-Ek

th
smoking index of the k  person seeking outpatient
medical care,
. th .
the number of cigarettes per day the k patient
seeking outpatient medical care currently smokes
per day,
. th .
the number of cigarettes per day the k patient
seeking outpatient medical care used to smoke
per day,
th . .
the number of years the k patient seeking out-
patient medical care has smoked,
th ) . .
the number of years the k patient seeking outpatient

medical care used to smoke before quitting,
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. th . .
E = the number of years since the k  patient seeking

outpatient medical services has quit smoking; and

If a person cur-rén’tly smoked 70 cigarettes per day for 28
years, his.index would be 1960,0. If a patient quit smoking 13.5
years ago, and at the time he quit smoking smoked 70 cigarettes per
‘day for 28 years, then his index would be 135, 2. Patients who have
never smoked in their lives would take the value zero in the index,

Higher values of the index represent more intense cigarette
smoking, Because of the relationship between intense cigarette
smoking and cardiovascular-respiratory probiems, this index is
expected to be positively related to the dependent variable in both

models,

Occupational Exposure Index: X - Model 2, 3,

X . . - Model 2.5
9icj

12ijk

Job related pollution can aggrevate certain respiratory prob-
lems (31, p. 34; 45, p. 13). Job related pollution would not in most
‘instances be measured by the regional, ambient air pollution stations,
To take account of this fact, an occupational expdsure ‘index was
constructed for each working patient seeking outpatient medical care,

Avalue of zero was assigned to patients who did not work. It is
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expected that higher values of this variable will be positively related
to the dependent variable in both models,

To be more specific, the occupational exposure index was
constructed in the following manner. On the household interview
there was a question which asked the respondent what his specific
job was, The question was coded by the occupation classes published

in the 1960 Census of Population, Alphabetical Index of Occupations

and Industries (67). A listing of the occupations were submitted to

50/

Mr. Darryl D. Douglas™ who rated each classification on a scale

of one to four, The -rating was based on the potential of each job
classification creating a dust problem which would aggravate certain
cardiovascular-respiratory problems, The meaning of the ratings
were as follows: four equaled a high hazard to dust exposure; three
equaled an intermediate hazard; two equaled a moderate hazard; and
one equaled a low hazard., Each weight, with its respective occupa-~
tion code, was taken times the average number of hours, including
regular overtime, the patient worked per day. The resulting product

was the occupational exposure index.

iQ/Mr. Douglas is the Director, Occupational Health Section;

Health Division; Department of Human Resources; State of Oregon;
Portland, Oregon
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Reasons for not Including Certain Socioeconomic-
Demographic Variables in the ‘Statistical Models

Several variables presented in Chapter II were not included
in the final specification of the statistical models.  This section
details why the variables were not included.

The residential history of the patient was not included as a

variable in the final specification of the models. In Chapter II it was
argued that an individual's state of health would be better if he had
lived most of his life in a rural area or other unpolluted environment,
Two q‘uestions in the Kaiser interview dealt with this subject. One
question asked where the respondent had lived most of the time while
growing up.(until his nineteenth birthday) - on a farm, small town,
or city. The other question asked the respondent how long he had
lived in the Portland-Vancouver area, The largest answer classifica-
tion for this question was ten years or over. The answers to these
questions were not considered specific enough for use in this' study.
Since this study is concerned only with outpatient consumption

of medical services, the availability of someone at home to take care

of the patient was not considered important as an explanatory vari-
able. The reasons for this were detailed in Chapter II.,

The reading of medical literature was considered important in

explaining contacts with the medical system per disease category
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{Model 2.5). Two questions on the Kaiser ‘interview dealt with the
subject, One question asked the respondent whether there were any
books in his home which could be used to obtain information about
medicine -or illness, If there were, what types were they, and did

he read them fairly often, once in awhile, or seldom. The second
question asked the respondent how often he read the health columns
in the newspapers or magazines -- often, occasionally, seldom, or
never,

Answers such as seldom, often, once in awhile, and occasion-
ally are indistinct, and can mean different things to different people.
It is difficult to standardize the answers, as between respondents,
such that the replies will all have the same meaning., With individual
observations qualitative variables can be used to represent the
replies. Aggregation of qualitative variables, as was discussed
with the physical fitness variable in the last section, presents a
problem of adequately interpreting the results, No way could be
seen to respecify the responses into é meaningful, simple variable,
It was for these reasons that the reading of medical literature was
not included in (2. 5).

Distance to the nearest clinic was thought to be important in

explaining the substitution of other medical services for Kaiser
services, as the out-of-pocket costs of obtaining Kaiser services

increased. The influence of this variable would be reflected through
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the number of office visits. The further the patient lives from the

clinic, the greater the out-of-pocket expense, and, ceteris paribus,

the fewer number of visits made to the clinic.

Approximately 87 percent of the subscribers in the five percent
sample are employed (22, p. 302). The regular clinic hours are
from 9:00 a. m. to 5:00 p.m., Monday thru Saturday, although ser-
vice can be obtained any time at Bess Kaiser Hospital. One could
expect that many patients seeking outpatient medical care would go
to the ‘clinic from work rather than from place of residence. The
percentage of those who did either could not be determined from
available data, Given these circumstances, it was felt that including
a distance variable could introduce more error into the model than
what it could explain, And the interpretation of the variable would
be difficult,

It was argued in Chapter II that some measure of the patient's
tendency to contact the medical system should be included. Patients
who contact the system at the first perceived sign of illness are

referred to as medical hypochondriacs. Under the Kaiser system,

as argued in Chapter II, hypochrondriac tendencies on the part of
the patient should not influence the consumption of medical services
(2.3), but could influence the number of contacts made with the
system (2. 5).

The Kaiser interview had one question which alluded to the
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hypochrondriac problem. The questionaskedthe respondentthatifhe
perceived an illness did he call the doctor right away, or did he wait
awhile. If the respondent indicated he waited awhile, then the next
question asked how long he waited - short time, long as can, or
depends, The answers to the questions were subjective, and difficult
to interpret as between respondents. Because the answers could not
be respecified into a meaningful, single variable; and because of
the problems associated with aggregating qualitative variables, the

answers were not included as explanatory variables in (2. 5).
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Vi, THE ADMATCH SYSTEM

Introduction

Chapter VII discusses the collection of air pollution and
meteorological data, and details the assigning of air quality and
meteorological values to each individual obtaining outpatient medical
care, In order to understand how these values were assigned to each
patient, it is necessary in this chapter to lay the necessary ground-
work,

This chapter begins by discussing the Admatch program from
which state plane ‘coordina.tes,s—l-/ used in estimating the air pollution
levels at the patient's residence and work address, 52/ were obtained,

The next section details the collection and coding of the addresses

'ﬂ/-ln order to insure the location of original land survey

measurements, the United States Coast and Geologic Survey has
worked out for each state a system of state plane coordinates (59,

p. 29-30). The coordinates are expressed in feet, To limit the
size of the grids and to keep scale variations to a minimum, each
state usually has two or more overlapping zones. Each zone is
covered by a single coordinate system (34, p. 345-346). All Oregon
air pollution and meteorological stations are located in the Oregon
North Zone; all Washington air pollution and meteorological stations
are located in the Washington South Zone.

-s'g/lt is possible that the patient may face very different levels
of air quality at his place of work and at his place of residence,
Each measure of air quality assigned to that patient, as will be
discussed more completely in Chapter VII, is weighted to reflect
this fact,
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for use in Admatch. The difficulties which had to be overcome

after using the Admatch program are then presented,

A Description of the Admatch Program

A procedure was needed to assign air quality values to each
household interview respondent who consumed outpatient medical
services for the disease categories in Table 1. Two methods were
available to achieve this goal. The first method was the use of
isopleth maps of air pollution levels in the Portland area (see Figure
5, Chapter VII) to estimate the air pollution level at place of resi-
dence and place of employment for each working respondeqt. This
approach was soon discarded because of the expense in generating
the maps, and because of the 2,900 addresses which could be potenti-
ally used on any given day,

A se-c.ond method which showed more promise was an Admatch
computer program developed by the United States Census Bureau
and local agencies. The program,in one of its forms, had the
ability to provide state plane coordinates for each address., As will
be discussed in Chapter VII, the state plane coordinates are the way
air quality and meteorological values were assigned to each residence
and job address.

More specifically, Admatch is an address matching system

which primarily provides capability of geocoding computer readable
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records containing street addresses., Admatch represents a way of
relating census and local data on an areal basis. It was designed
primarily for use with two other programs, the Address Coding
Guide (A.C. G. ) and the Dual Independent Map Encoding (D.I. M. E,)
file (69, p. 111),

-Both the A, C., G. and the D,I. M. E. file provide similar
information ;avhich can be used to obtain state plan coordinates. . The
A,C. G, gives census tract and block number for each address within
the urbanized Portland Standard Metropolitan Statistical Area
(S.M.S.A.). Each resulting census tract and block number, however,
‘would have to be located on maps showing census tract and block
numbers, and each point on the map digitized to obtain state plane
coordinates. An expanded version of the D.I. M, E, file, called the
‘Geographic Base File (G.B.F.), also gives census tract and block
numbers, and in addition will provide state plane coordinates directly
for each address m the urbanized portion of the S. M, S. A, .Use of
the G, B. F. meant that only addresses outside the urbanized S. M.,
-S.A., and outside the S. M, S. A, itself, would require digitizing to
obtain state plane coordinates.

At the time the use of these programs was being considered
(November 1971), the G. B. F. was still being developed in Washington,
D.C. It was to be available approximately January 1972. The

A.C. G. was immediately available for use on the Portland S. M. S. A.



118

However, besides plotting and digitizing 2900 points, there were
other problems which discouraged its use., The primary problem
was that Washington and Clackamas counties had been recently
readdressed, and the A, C, G, did not reflect the changes. . Many
Kaiser respondents to the household interview had residences and/or
worked in these counties, The addresses of these respondents would
have had to be located on maps without benefit of census tract or
block numbers to aid in the plotting.

Given the availability of the G. B. F. within the near future,
the decision was made to use it and not the A, C. G. The coding of
the addresses were the same for both programs, Hence, if the
G. B. F. did not become available, the A, C, G. could be used without

having to revamp the coding procedures,

Address Coding for Use in Admatch

Each eligible subscriber and his spouse, who were members
of the five percent sample, had what is referred to as a facing sheet
made out for each of them. The facing sheets were used by West
Coast Community Surveys, the firm which conducted the interviews
for Kaiser Research, to contact each eligible member for puri)oses
of setting a date and time for the interview. Included on the facing
sheets were the subscriber's name, Health Plan Identification

(H. P.1.D. ) number, last known address and telephone number; the
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individual members covered by the subscriber's policy, and their
person numbers, and birthdates; the type of interview (A-B set or
'C); and the interview date, among other information. All the facing
sheets were Xeroxed, and the residence addresses were coded by
Oregon State University personnel. Tight security was maintained
over the facing sheets to prevent improper use. The subscriber's
last name was made illegible on all the sheets, and the sheets were
destroyed soon after the coding.

Each residence address computer card was identified by a
letter code of R, The addresses were coded by H. P.I. D. number.
The house number, street name, street type, town number,5—3'/ and
zip code were coded for each residence address, Each address was
checked in the zip code directory (74) to be sure that street names,
directions, types, and zip codes were correct. If there was an
error on any of these items, the address would not match with the
program and would be rejected. It was found that many of the
respondents' addresses were in error. Incorrect zip codes appeared

to be the most prevalent problem.

'—5-'—3—/Each town within Oregon and Washington had assigned to

it a number by the Census Bureau, The numeric codes were obtained
from a listing titled '"1970 U.S. Census of Population and Housing
Numeric Codes for Urban Places in Oregon, ' provided by the Bureau
of Governmental Research and Service; University of Oregon; Eugene,
Oregon. The same agency also provided the numeric codes for

towns in Washington.
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Also coded with each address was a number linking the address
back to the facing sheet from which it was coded, This provided
easy reference in case of errors, The interview date and question-
naire type (A, B or C) were coded also. In all, approximately 1500
residence addresses were coded,

Obtaining the work address for each employed respondent of
the household interview was somewhat more complicated, One
gquestion in the interview asked each working respondent the name of
the business or organization for which he worked., The question was
not coded by Kaiser Research, but provided the only means by which
the respondents work address could be obtained. Hence, by hand,
all of 2,439 questionnaires were examined and the place of work
‘coded out by H. P. L. D. number,

Phone directories were collected for all telephone districts
-within the study area, The addresses of the firms were coded from
the phone book in the manner described for the residence addresses,
except town numbers were used predominately over zip codes to

designate the address p1ace.5—4/ A code of W was used to designate

21'/It was possible in using the Admatch system to sort
addresses on zip code or town code. In coding the residence
addresses both zip and town codes were used because they were
readily available., The use of zip codes were more precise and
hence,less error was likely to develop from their use in the program.
However, given time constraints, the job addresses used only the
town numeric code,
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each punched card as a work address, When multiple addresses
existed for a firm and the exact address of the respondent's place
of work could not be determined, the respondent's H. P.I.D. number
was converted back to his name, and employee directories, obtained
from numerous sources, were used to place the respondent at a
specific work address. City directories (53, 54, 55, and 56) were
used to provide addresses when the addresses from the phone and
employee directories were not specific enough for use in the A, C. G.
or G. B, F.i/

Respondents were not coded if their occupation indicated they
‘were not at a fixed address for most of the working day. These
included bus drivers, policemen, and salesmen, among others, An
exception to this existed for the longshoreman who worked the
‘Portland-Vancouver docks, Unlike other occupations, the area of
work for the longshoreman was known., Longshoremen residing in
Portland usually worked in Portland; longshoremen residing in

56/

Vancouver usually worked in Vancouver,=—

ii/For example, an address such as the Foot of North Swift
Street could not be used. The reverse directory, in the various
city directories, where addresses were listed by street name helped

to convert many of these addresses to a proper form for coding.

6/

== This is according to Thomas Percy; Pacific Maritime
Association; Portland, Oregon obtained in a conversation with him
on March 8, 1972,
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‘In Vancouver most unloading took place at one terminal.

Hence, all Vancouver longshoremen were coded at the terminal's
location., In Portland the longshoremen could work at any job assign-
ment they chose along the city's seven miles of waterfront, Because
‘these assignments could change from day to day, all Portland long-
shoremen were coded at an address representing the midpoint of

the Portland waterfront. Relative, rather than absolute, air pollu-
tion changes within the area would be reflected by this address.

There were approximately 370 respondents, out of the 1500
coded, for which business addresses could not be found, or else
the correct address could not be determined from several multiple
addresses, Bardsley and Haslacher, a research marketing firm
in Portland, Oregon, were given the responsibility of finding job
addresses for these 375 respondents,

Finally, of the 1500 individuals which were initially coded from
the questionnaire, 100 did not have a place of work address coded
for them, The primary reason was that the businesses for which
they worked could not be located,

Each air pollution station in the study network was identified
by a station number., Each station had an address, or an address
‘was approximated for it through the use of city directories, The
station addresses were coded in the same format as the residence

addresses, and were designated by the letter code S. Many of the
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stations in the network were already located by state plane coordi-
nates. The coordinates were coded with the addresses on those
stations for which they were available. Since the coordinates were
estimated from maps, which is not the most accurate way of obtain-
ing them, it was decided to use the coordinates provided by the

G. B. F, whenever they were available,

All the meteorological stations were geocoded by latitude and
longitude. These had to be converted to state plane coordinates for
use with the other data, The procedure for conwverting the geodetic
positions to state plane coordinates is outlined in (34, p. 351; 40, p.
11).. Values to be used in the formula for converting each latitude
and longitude position are published in special tables by the U, S.
Coast and Geodetic Survey (10, 11, and 12).

Many respondents to the Kaiser household interview lived or
‘worked outside the area covered by the G. B. F, or A,C.G. Addresses
from these places would be rejected by the computer programs, and
would have to be processed by hand (plotted on maps and digitized)
in order to estimate the state plane coordinates., Because the exact
geographical area covered by either the A, C. G. or G. B. F. was
not known, maps were obtained from the Census Bureau in Portland
(66). The maps had census tract numbers, block numbers, and
state plane coordinates. Maps for the rural routes in Washington,

Clackamas, and Clark counties were obtained from the Tri-County
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Community Council, the Clackamas County Planning Department, and the
Clark County Public Health Department, respecitvely. Maps for
rural routes for other counties were obtained from the Tscheu
Publishing Company in Portland. The Oregon State Highway Depart-

ment provided maps for certain cities outside the S. M., S. A.

The Admatch System Results

After numerous delays and repeated phone calls to Washington,
D.C., the G. B. F. finally became available in early June 1972.
Looking back, the wisdom of waiting to use the G. B. F. instead of
going ahead and using the available A, C. G. is seriously open to
question. The G.B.F. program was done through the facilities of
the Bureau of Governmental Research and Service in Eugene. While
this study was the first to use the program, the problems encountered
with the agency and the program were costly. In essence, the running
of the G, B.F. program with the addresses from this study was a
lesson in inefficiency and unforeseen problems.

The 2,947 addresses processed through the system took three
weeks to complete. Ten days, on the outside, was thought to have
been adequate, The processed tapes were received back from
Eugene.in a computer language that could not be read by the Oregon
State University Computer Center. It took a week to straighten the

problem out, The biggest problem incurred with the G. B. F. was
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that Vancouver had six zip code zones which were used in coding the
residential addresses within the city. Whoever prepared the
Vancoml/er portion of the G, B. F. used only one zip code for the
entire city, Consequently, instead of the 80 to 85 percent expected
match in addresses, only a 66 percent match was obtained. Most
of the non-matches occurred in Vancouver, The correction of the
non-matches will be explained shortly. The job addresses fared
slightly better. They were run separately from the residence and
air pollution addresses. Because the job addresses were sorted
through the program on town code instead of zip code, the Vancouver
zip code problem was not encountered. The job addresses achieved
a 72 percent match,

Other major problems encountered with the G. B. F. included
missing street segments, street names not spelled correctly, and
missing state plane coordinates. Rather than waste more time with
the program, and additional delays in working with the agency in
Eugene, the Vancouver addresses and other problems were corrected
in part through the use of a program listing all addresses in the
G.B.F. For each address, the program listed the state plane
coordinates and census tract number. Addresses which were non-

matches, rejected by the G, B.F. program, were looked up in the
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program, and state plane coordinates and census tract numbersﬂ
‘'were coded separately by H. P.I. D. number, Of the 925 addresses
rejected by the G. B, F. program, approximately 475 were saved
in this manner, Another 375 residence and job addresses were
plotted on maps, digitized, and converted to state plane coordinates.
Approximately 50 addresses were later discarded because the
respondents lived outside the study area, The rest of the addresses
represented air pollution stations on which state plane coordinates
already existed,

All of the Washington state plane coordinates were expressed
in feet for the Washington South Zone. In order to estimate air
pollution and meteorological values for residence and job addresses,
-the Washington coordinates had to be converted to the Oregon state
plane system This was accomplished using a program developed
by Mr. Kendall B. Wood, a consulting geometrics engineer, in
‘Portland, Oregon.,

In essence every Kaiser respondent to the household interview,
who lived in the study area, had a state plant coordinate for his place
of residence. To the extent it could be determined, each working

respondent also had a state plane coordinate for his work address.

57/

=" The census tract numbers were used to group the Kaiser
respondents together in like census tracts in order to obtain the
per capita outpatient medical costs per census tract (Model (2. 5)).
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All air pollution and meteorological stations in the study area also

were located by state plane coordinates,
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VII, COMPILING THE AIR POLLUTION
AND METEOROLOGICAL DATA

Introduction

This chapter begins by briefly describing the function of each
agency from which air pollution daté. were obtained, Why suspe‘nded
particulate data were selected over particle fallout data as the
measure of air pollution in this study will be detailed, The form
in which the air pollution data were collected from each of the con-
trol agencies is presented, and the preparation of the data for inclu-
sion in the statistical models is explained. ZFinally, the collection
of the meteorological data and their inclusion in the statiétical models

is detailed,. .

The Air Pollution Data

An Overview of the Control Agencies

The air pollution data used in this research came from several
air pollution control agencies in Oregon and Washington, These
agencies are the Columbia-Willamette Air Pollution Authority
(C.W.A.P.A,), the Department of Environmental Quality (D, E. Q. ),
and the Southwest Air Pollution Control Authority, (S. A. P.C.A.)). .

C.W.A.P.A, and D.E. Q. are Oregon air pollution control agencies;
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S.A,P.C.A, is a Washington control agency.

D.E.Q. is Oregon's chief enforcement arm in managing the
environment, C.W,A, P, A, is a regional air pollution control agency
whose jurisdictional area includes Multnomah, Washington,
Clackamas, and Columbia Counties (see Figure 5). C.W.A.P.A,,
as a regional air pollution control agency, operates subject to
D.E.Q.'s jurisdiction. Thatis, C.W.A, P, A, exercises the air
pollution control functions of D, E, Q, within its jurisdictional bound-
aries, except for five classes of air pollution sources which D, E. Q.
retains under its control, These classes include aluminum reduction
plants, pulp and paper mills, nuclear power plants, and motor
vehicles. Jurisdiction over forestry and agricultural operations is
specifically-withheld from the regional agencies by legislative action
(48, p. 243).

S.A.P.C.A, is a Washington regional air pollution control
agency, Its jurisdictional area includes the counties of Clark,
Skamania, Lewis, Wahkiakum, and Cowlitz (see Figure 5),

All regional agencies in Oregon have their laboratory procedures
approved by the Department of Environmental Quality, ’I'hé state
pollution control staffs of Oregon ana Washington have agreed on
methods of measurement, analysis, data reporting, and sample
scheduling. Hence, the data are comparable between the originating

agencies,
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Figure 5. Boundaries of the regional air pollution control
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Selecting the Proper Measure of Air. Pollution

It was explained in Chapter III that Portland's main pollution
problem was particulate matter, This explains the structuring of
the .control agencies' air pollution sampling network, The only data
series of sufficient quality and quantity for the study area were
measures on particulate matter: suspended particulate and particle
fallout., Measures of suspended particulate were selected over
particle fallout as the measurement of air quality in the study area,
The reasons for this selection were many, and are presented in
detail below,

The effect of particulate matter on human health were pre-
sented briefly in Chapter II, More specifically, particulate matter
can physiologically affect human health in several ways, These
effects would initially occur iﬁ the respiratory system, but the
cardiovascular system would also be affected because of additional
stress placed upon it by an impaired respiratory system, Parti-
culate matter may exert a toxic effect via one or more of the follow-
ing three mechaﬁisms:

(1) The effect of particles on human health can be due to the
particle's inherent chemical and/or physical characteristics

(75, p. 141). The most important toxic aerosol is sulfur
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trioxide, Others of increasing importance are lead, beryllium,

and asbestos (75, p. 129).

(2) The particles may interfere with one or more of the respira-
tory tract's clearance mechanisms (75, p. 141). The particle
size will determine the location of the toxic effect in the
respiratory system. Small particles of less than two or
three microns can penetrate deep into the respiratory system,
where no protective mucous blanket exists (44, p. 33-34).

(3) The particle can act as a carrier of an adsorbed toxic sub-
stance (75, p. 141). The toxic effect of sulfur dioxide seems
to be greater when the gas combines with an aerosol than
either is alone (1, p. 62; 6, p. 111). Sulfur oxides can pro-
duce immediate airway constriction (44, p. 66).

The principal role of some air contaminants (gaseous or
particulate) might be to weaken the body's defense mechanism, mak-
ing it more susceptible to germs, bacteria, or viruses which can
precipitate an active disease (44, p. 65). Analysis of numerous
epidemiologicals—s/ studies indicates an association between air

pollution, as measured by particulate matter accompanied by sulfur

éﬁ/Epidemiology is defined as the field of science dealing

with the relationship of the various factors which determine the
frequencies and distribution of an infectious process, ‘a disease,
or a physiological state in a human community (16, p. 499).
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dioxide, and health effects of varying severity (76, p. 146).

High-volume samplers are used for the collection of suspended
particulate matter, The operation of high-volume samplers consists
of drawing air through a filter of low air resistance, The filters
are felts of glass, or some synthetic organic fiber (75, p. 22).

These filters can trap particle sizes as small as 0.3 microns (77).
The samples are collected over a 24 hour period. The filters are
then analyzed, and the results reported as total weight in micrograms
per cubic meter, 59/

Particle fallout is collected in a polyethylene bucket filled with
distilled water., The container is exposed at the desired location for
'30 days, plus or minus two days. The contents of the bucket are
analyzed and the results reported as total weight of particle fallout
in grams per square meter per month.-é-g/

Of the two air quality measurements available for use in this

study, the data on the suspended particulate matter appeared to be

the more desirable, The reasons were as follows, Particle sizes

59/

=" Some agencies perform analyses on the total weight of
particulates to determine their chemical composition. These
analyses are also reported in micrograms per cubic meter.

60/

— Chemical analyses are also performed on particle fallout,
and the results reported in grams per square meter per month.
The main reason for doing chemical analyses is to obtain an idea
of the combustion processes and sources within the area,
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collected by dust fall buckets are too large to be respirable by the
human lung, Dust fall consists of particulates ten microns or
larger which settle out of the air fairly rapidly (49, p. 7; 74, p. 16).
Because of the settled particles large size, particle fallout measure~
ments in no way assess the health risk of air pollution, as would
suspended particulates., . The large sampling period associated with
particle fallout would prohibit measuring, or approximating, day
to day changes in air q.uality. For these reasons, the total weight
of suspended particulate data were used as the air pollution para-

meter in this study.

Collecting the Air Pollution Data

The Columbia-Willamette Air Pollution Authority., Each station

in C, W.A,P. A, 's network is located on a grid coordinate system
expressed in state plane coordinates., The coordinates are used by
C.W.A.P.A, to plot isopleth maps of the form shown in Figure 6.
The maps are designed primarily to give a pattern of pollution over
the metropolitan area, Figure 6 shows the 1970, annual geometric
mean isopleth for suspended particulate,
Table 6 lists, by station number, the air pollution stations

from which data were taken for use in this study. Each station in
C.W.A,P.A.'s network is identified by a unique six digit number,

The number identifies the county, city, and site address at which



1970 geometric mean suspended particulate isopleth,
in micrograms per cubic meter, (Adapted from an
isopleth map prepared by Columbia Willamette

Air Pollution Authority).

Figure 6.
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Table 6.

Air pollution stations used in this study.

Dates of

Station Alternative Figure

Number Station Number Code Station Address Operation Agency
261403 - H 1830 S. E. Schiller, Portland, Oregon 1-69 to 12-70 CWAPA
261407 - L 6941 N, Central, Portland, Oregon 1-69 to 12-70 CWAPA
261408 - I 55 S.W. Ash, Portland, Oregon 1-69 to 12-70 CWAPA
261410 - E 10625 S. W, 35, Portland, Oregon 1-69 to 12-70 CWAPA
261412 - M 1845 N, E. Couch, Portland, Oregon 1-69 to 12-70 CWAPA
261414 - - 4906 N, E, 6, Portland, Oregon 1-69 to 6-70 CWAPA
261415 - D 333 S.W. Skyline, Portland, Oregon 1-69 to 12-70 CWAPA
261416 - J 3200N, W, Yeon, Portland, Oregon 1-69 to 12-70 CWAPA
261423 - o 340N, E, 122, Portland, Oregon 1-69 to 12-70 CWAPA
261425 - - 104S. W, 5, Portland, Oregon 1-69 CWAPA
261426 - - 1010 N. E, Couch,A Portland, Oregon 4-70 to 12-70 CWAPA
261435 - C 11212 N.W. St.Helens Rd. . 4-69 to 12-70 CWAPA

Portland, Oregon

261436 - N 11717N, E, Shaver, Portland, Oregon 4-69 to 12-70 CWAPA
261437 - K 5000 N. Willamette, Portland, Oregon 4-69 to 12-70 CWAPA
261440 POR #77 - 3119 S. E, Holgate, Portland, Oregon 6-69 to 12-70 CWAPA

261452

6-70

12-70

CWAPA

9¢1



Table 6., Continued,

Station Alternative Figure Dates of

Number Station Number Code "Station Address ‘Operation Agency
261431 POR #76 - 718 W. Burnside, Portland, Oregon 7-69 to 12-70 CWAPA
260801 - Q 1300 N, Main, Gresham, Oregon 7-69 to 12-70 CWAPA
261701 - R GSA Warehouse-Airport, Troutdale 2-70 to 12-70 CWAPA

Oregon

035501 - P 8th and Main, Oregon City, Oregon 1-69 to 12-70 CWAPA
035504 - - - 4th and Central, Oregon City, Oregon 4-70 to 12-70 CWAPA
035201 - - S. E. Cedar and Oak, Oak Grove, Oregon 12-70 CWAPA
034004 1.OS #1 F 368 S. State; Lake Oswego, Oregon 6-69 to 12-70 CWAPA
034303 MIL #11 G 1550 23, Milwaukie, Oregon 6-69 to 12-70 CWAPA
036401 - - Fire Station, Sandy, Oregon 2-70 to 12-70 CWAPA
341001 BVN #1 B 4950 S, W, Hall, Beaverton, Oregon 11-69 to 12-70 CWAPA
343401 - A 150 N, 3, Hillsboro, Oregon 10-69 to 12-70 CWAPA
068802 - - 2300 W, 16, Vancouver, Washington 7-69 to 12-70 SAPCA
068801 - - 500 W, 12, Vancouver, Washington 1-69 to 12-70 SAPCA
053101 - - N. W, Beacon, Airport, Scappoose, Oregon 10-70 to 12-70 CWAPA
053102 - - 100 Columbia, Scappoose, Oregon 1-70 to 9-70 CWAPA

Leld
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61/

the station is located, "The statlilo'n numbers were used in this
study to identify each station for purposes of entering or deleting it
from the study network., The reasons for doing this will be discussed
later in this chapter,

All of C_. W, A, P.A.,'s data were kept on punched cards., For
this study, all of C, W. A, P, A,'s suspended particulate data in the
Portland S. M, S. A, were used, During 1969 and 1970 the suspended
particulate stations of all the agencies operated 24 hours every fourth
day, All the stations were operated simultaneously,

A complete listing was made of all air pollution data received
from C.W.A, P, A, for the 1969-1970 study period. A table was
constructed, and the months for which data were available were
noted for each station. In order to determine if there were missing
data, the table was comparedto C.W.A,P,A,'s listing of oper-"-
ating'stdations. This list included the types of data available and the
sampling period for each station. Missing stations and periods of
data, to the extent they were available from C.,W.A,P. A.'s records,
were collected, coded, punched on data cards, and included in the
study's air pollution network. Several D.E,Q, stations, for which

C.W.A, P.A, had data, were identified by this process, For purposes

é-1"/Each station in Figure 6 is identified by a letter code., The

corresponding letter code is shown opposite the station it refers
to in Table 6.
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of analysis, all D, E, Q data had to be coded and punched in the data
card format that C, W, A, P. A, used. Finding the data already in the
correct form eliminated having to process some of the D, E. Q,
stations,

The Department of Environmental Quality, D.E.Q. had several

suspended particulate stations in the S, M, S, A, which were started
in the summer and fall of 1969, The operation of most -. these
stations was taken over by C, W, A, P, A, in early 1970, These
stations were referred to as joint stations. C,W,A,P.A, would
collect the samples and D,E,Q, would do the analysis, D.E,Q,
would then furnish C,W,A, P, A, a copy of the sample results,

Some of the D, E,Q, stations were identified by a letter code,
number combination. The letters identified the town in which the
stations were located; the numbers identified each station within the
town, For example, with reference to Table 6 and the column
labeled ''Alternative Station Number' (where D, E,Q,'s numbers for
the joint stations are listed), POR #76 stands for Portland station
number 76; LOS #1 stands for Lake Oswego number one, The joint
stations' primary identification numbers, the numbers by which
they are known in this study,are those assighed tothembyC, W, A, P, A,
For example, station number 261440 in C,W_ A, P, A,'s network is
D.E,Q.'s POR #717.

D.E.Q.'s data, with the exception of the joint stations, were
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not available on 80 column cards. Each sample result was recorded
on a data sheet. The data sheets were punched on cards, listed,
and compared to .  C,W.,A,P,A,'s listing of operating stations
discussed above. Duplicate data between the D,E,Q, and C, W, A, P, A,
sources were noted and eliminated.ﬂ/ A program was written to
convert the D, E,Q, card decks to the C, W, A, P, A, format.

D.E.Q. did not have state plane coordinates on any of their
stations, The coordinates were provided by C, W, A, P. A, for the
joint stations, or site addresses were utilized to obtain the coordi-
nates from Admatch,

Southwest Air Pollution Control Authority. S,A,P,C.A, had

two ‘suspended particulate stations in Vancouver which were used

in the study., The data from these stations were obtained from

C..W.A. P, A, on cards which were in the correct format, Each

station was identified by a number, The stations' site locations were

identified by Universal Transverse Mercator (U, T, M, ) grid numbers
63/

instead of state plane coordinates,— The U, T, M, coordinates were

converted to state plane coordinates,

2/

b2 Duplicate data existed on other stations besides the joint
stations.

-6—3/_In large 'scale military mapping, the United States has
adopted projection scales called the transverse Mercator and the polar
sterographic. There is superimposed on the maps a rectangular
grid designated the Universal Transverse Mercator (UTM) or the
Universal Polar Sterographic grid (UPS). The Universal Transverse
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Preparing the Air. Pollution Data for Use
in the Statistical Models

Use of the Spline Curve for Estimating Missing Air Pollution

Data, The suspended particulate stations were operated every
fourth day during the study period. The medical and meteorological
data were daily observations, It was desired to observe changes
in the consumption of medical services with changes in air quality.
This required that a method be formulated to estimate air quality on
days for which no data were available. Two alternatives were
considered to estimate the data: linear interpolation and spline fit,
After considering the air pollution data base, the spline fit was
chosen over linear interpolation for estimating missing air pollution
observations for each station. The spline fit is accomplished by
connecting each pair of adjacent points (observations) with a third
degree polynomial, matching up the sections such that the first and
second derivatives are continupus at each point (52, p. 404-405);

i.e., the spline fit is a piecewise cubic function which is twice

Mercator is employed between 80 degrees North and South latitude;
the Universal Polar Stereographic poleward of 80 degrees (59, p. 28).
See (34, p. 351-355) for a more complete description of the system,
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64
continuously differentiable (83, p. 27)._"/

In essence, the spline curve as compared to linear interpola-
tion, represents ahigher order fitof data points. The curve is of piece-
wise construction, which means that only part of the data for a given
station is fitted at a time. The spline fit, as employed in this study,
used four observation points to fit each segment. For example,
observation points. A, B, C, and D would be used to fit one segment
of the curve. Points B, C,D, and E would be used to fit the next
segment. While estimated points between D and E would be most
influenced by the actual observed values at D and E, points B and
C would also have some minor influence. Linear interpolation uses
only two observation points to determine each linear segment (D and
E, for example).

There is an advantage of having other observation points,
besides the two closest in time, playing some role in estimating
missing observations, The first and second derivatives indi-
cate the average rate of change and rate of change, respect-
ively, at the observation points, The signs of the
derivatives reflect the direction of change. Hence, if there is an
inversion which causes pollution to increase, then to some extent,

the inversion will be reflected in the curve and the estimated values,

64/

— For those who are interested in a strict mathematical treat-
ment of the spline fit the following sources are recommended
(52, p. 404-461; 83, p. 27-31).
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‘With linear interpolation this would not be the case for the following
reason. Only two observation points determine the construction of
each linear segment, and the rate of change along each segment is
assumed constant, which, in reality, may not be the case.

In essence then, either method, spline fit or linear interpola-
tion, could have been used to estimate missing values., While
neither fit gives specific information as to what is actually happening
between any of the four day observation points, it was felt that the
spline fit would be a more accurate representation of real world
conditions.

Assigning Air Pollution Values to Residential and Job Addresses,

As mentioned in the previous chapter, a procedure was formulated

to assign air quality data to each patient receiving outpatient medical K
care from Kaiser, Two techniques were considered to estimate the
values: least squares analysis and the use of the three closest
stations to calculate a weighted value of air pollution,

The least squares polynomial was the first model tried, Twenty
air pollution stations, on which observations existed for a given day
and for which state plane coordinates were known, were used to test
the feasibility of the least squares method, Each station's observa-
tions were regressed against the station's state plane coordinates,

The least squares model was an attempt to estimate (represent)

air pollution values on a geographic surface using X and Y coordinates,
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This is similar, in method, to the isopleth map illustrated by Figure
6. However, the computer program used to draw the isopleth map
was a more complex one than the least squares models tested in this
study, The isopleth program interpolated between data points to fit
a geographic surface with constant pollution values. 55/ With least
squares, X and Y coordinates were used to represent pollution values
at various points. The model assumed some relationship between
air pollution and the state plane coordinates., The model was then
tested to see how well it fit the data. These tests are now briefly

examined., The general form of the model may be seen in (7. 1).

Pij = f (Xij’ Yij ) (7.1)

where
Pij = the air pollution values for station i on day j.
Xij and Yij = the state plane coordinates, expressed’in

feet, for station i on day j; and

Different least squares polynomials were tried which were

65/

—="The program used in drawing Figure 6 was a leased pro-
gram from International Business Machines, Inc, Because com-
puters from Control Data, Inc., are used at the Oregon State
University Computer Center, the program could not be utilized here.
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linear, quadratic, and cubic in (Xi’ Yi).-—é'/ "The multiple coefficient
of determination (RZ) for each model was 0,065, 0.305, and 0, 338,
respectively.  While the R2 improved going from a quadratic to a
cubic function, it did not improve materially. Hence, it was felt
that going to a higher order modei would not be worth the computer
expense. And, because of the low RZ, it was thought the least
squares models would not provide any more reliable air pollution
estimates than using a weighted value of air pollution,

The weighted value of air pollution, estimated for each patient's
residence and job address, was calculated by weighting the observed

air pollution values of the three closest stations by their distance

from the patient's addresses. The concept is illustrated by (7. 2).

2 . 2 . 2
1/D_,. (S,.)+1/D_.. (S,.))+1/D_.. (S_..
P _ / liJ( 11_]) / 21j ( '211) / 311( 311) (7.2)
B /0%, + D% +1/D%
1ij 21] 31]

6/

— More specifically, the polynomials were of the following
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are the parameters to be estimated; Pij' Xij' and Yij are as

defined in (7.1) and ¢ ~N(, o 2).
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where

-Pij =-  the estimated air pollution value for address i on
day j.

Dlij =  the distance (in feet) of the closest station from
address i on day j.

S'Iij = the observed air pollution values of the:.closest
air pollution station to address i.on day j.

DZ-ij = the distance (in feet) of the second closest station
from address i on day j.

: SZij = the observed value of air pollution on day j for
the second closest air pollution station to address i.

D3ij = the distance (in feet) of the third closest station
from address i on day j.

SBij = the observed value of air pollution on day j for the

third closest air pollution station to address i; and

(i=1,...,4d) (j=1,..., m).

The distance from each address to each station was calculated
using state plane coordinates. As can be seen from (7. 2), each air
pollution observation is weighted by the inverse distance squared from
the address. The air pollution value observed at the nearest station
to the patient's addresses receives the greatest weight.

The use of distance to weight each air pollution observation is
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simple and inexpensive to employ. The biggest disadvantage in its
use is that only distance is taken into account. 'i'opogr'aphy and
meteorological conditions can playan important role in influencing
the distribution of pollutants.

Another disadvantage of using the system is that the air pollu-
tion values calculated for any address are limited to being between
the highest and lowest observed pollution values of the stations used
in the formula. However, given the structuring of the study's air
pollution network, this disadvantage is not that critical for the
following reason. Most air pollution stations used in this study are
designed and located to measure air pollution in an air mass; i.e.,
the stations are designed to measure air pollution in the ambient air.
The sampling sites, for the most part, are representative of the
general surroundings, and are not contaminated by any special
source. Hence, it is not unreasonable to expect the air pollution at
any given address to be most generally represented.by the observed
air pollution values of the station closest to it,

Several limitations were placed on the system of estimating air
pollution values for given addresses. It can be seen from Table 6
that certain stations located in the immediate Portland area did not
operate continuously during the two year study period. These stations
were 261425, 261426, 261435, 261436, 261437, 261440, 261452,

261431, 035201, and 068802, When these stations were not in
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operation the computer program (by being aware of the station
numbers), calculating the weighted air pollution values, would
account for-it. If any of these stations happened to be one of the
three closest stations, they would be passed over and the next
closest station would be used to calculate the weighted air pollution
value,

Other air pollution stations, located outside the immediate
Portland area, also operated only part of the study period. A listing
of the station numbers are as follows: 260801, 261701, 034004,
034303, 036401, 341001, 343401, and 053102. Until the stations
became operable, any patient living in the area, where one of these
stations would be the closest station to his residence address, had
his medical records excluded from this study, For many of these
outlying areas the next closest station would have been somewhere
in Portland, which would have been too far away to have been very
representative,

In using the spline fit, if the period between sample observa-
tions on any station exceeded eight days, the station would not be
used in calculating the weighted air pollution values. A value of
zero would be assigned to the station and the next closest station

would be used in the ‘calculation.
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.Derivation of the Ambient Air Pollution Variable:

- Model 2. - M .
,)"(13ijk Model 2, 3, Xllici‘. odel 2,5

Many of the Kaiser,re'sponcients.worked, and the place of work,
in all but a few instances, was different from the residence address,
One would expect air pollution values on the same day to be different
between the residence and work address., It was desired, therefore,
to reflect these differences in the air pollution value assigned to each
patient, The air pollution variables in each model were weighted to
reflect the patient's potential exposure to air pollution at both
residence and job address,

The weighted air pollution value assigned to each patient was

calculated by (7. 3).

* .
T ] [ - T ] ,
‘-[(Jijk t ijk) Pijk i (J,ijk ¥ ijk) P ijk

P. =
ijk : 24
(7.3)
where
e t
ik = the weighted air pollution value assigned to the k
patient who consumes outpatient medical services
for disease i on day j.
Jijk =  the number of hours worked (including regular over-

th
time) per day of the k  patient consuming out-

. t .
patient medical service for the i"'h disease on day j.



150
Tijk =  the average transit time to and from work of the
th . . . . .
k  patient consuming outpatient medical services
.th . .
for the i  disease on day j.
P.. = estimated air pollution at the job address for the
th . . : . .
k  patient consuming outpatient medical services
.th . .
for the i  disease on day j,
.Pw.ij = estimated air pollution at the residence address
th . . . .
for the k patient consuming outpatient medical
. .th . .
services for the i  disease on day j; and
ti=1,,..,n);j=1, ..., mhtk=1, ..., 1).
From (7. 3) it can be seen that a weighted mean of air pollution,
based on a 24 hour day, was assigned to each patient where the
weights were the number of hours on the job plus transit time to and
from work, and the number of hours at place of residence. For
purposes of calculating the weighted air pollution, it was always
assumed that the patient was either at work, in transit, or at his
‘place of residence, Some modifications to this scheme, to take
account of weekends and other days off, were initiated. These will
be discussed shortly,
From the household interview it was determined whether the
patient worked or not, and the transit time towork, The transit

time to and from work was estimated using a question from the house-

hold interview which asked the respondent how long it took him to get
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to work, The responses, and the transformations on each response,
. 67/ . .

may be seen in Table 7.7 The times were doubled to reflect transit
time from as well as to the place of work, The transit time was
added to the number of hours on the job, because it was felt the
pollution in transit to and from the job site would be higher than air
pollution at the place of residence. If the patient did not work, the

job and transit time would be zero, and the patient would be assigned

the air pollution value at his place of residence,

Table 7. Transit time to the place of work,

Response category Transformation
Under 10 minutes 5 minutes
15 to 30 minutes ©20 minutes
Over 30 minutes | 45 minutes

Information from a question in the household interview, which
asked the respondent what days of the week he:normally worked,
permitted days off the job to be accounted for in (7. 3). If the patient
indicated he worked Monday through Friday, then Saturday and

Sunday would be considered his days off, If he became ill on

67/

— Again, the midpoint of each response was used for purposes
of the transformation, A 45 minute cut off was placed on the last
response. Forty-five minutes is a reasonable transit time, if one is
familiar with the best routes, for a patient having a job in one end
of the study area and a residence at the other end.
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Saturday or Sunday, and consumed outpatiént medical services, the
value of air quality assigned to him would be his residence air pollu-
tion, Unless it was indicated otherwise, Sunday was always con-
sidered a day off for all work patterns considered in this study. An
exception to this was when the patient indicated he worked through
the weekend, but had a day off in the middle of the week. In this
case Wednesday was assumed to be that day, A basic assumption
was that those who had Tuesdays and Thursdays off would be
normally distributed about Wednesday. Patients who indicated they
worked less than five days a week were assigned their residence
air pollution values, because there was no way of telling, from the
Kaiser data, which days they worked,

For reasons already detailed in this chapter and in Chapter II,
it is expected that weighted air pollution will have a positive relation-
ship to the dependent variable in both models, That is, higher
values of air pollution will result in greater consumption of medical

services,

Collecting the Meteorological Data

Characteristics Required of the Meteorological Data

The meteorological data had to meet two main criteria for use

in this study. First, the meteorological station site had to be
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representative of a large geographic area. Secondly, the data, if
taken from more than one source, had to be comparable as between
sources, or else be of such a form they could be made comparable,
Comparability would include the method of obtaining the data, the
units in which the data were recorded, and the competency of the
originating agency.

In selecting meteorological data an attempt was made to take
account of the meteorological influences of the Columbia River
Gorge. Conditions may be quite different at the same time between
North Portland and downtown, or the rest of the Willamette Valley.
For example, during the winter it is not uncommon to see it snowing
in North Portland near the Columbia River, but raining in downtown
Portland (or mixed rain and snow). The differences result because
of the interaction of the dry, cold east gorge winds with the moist
marine air from the west. Table 8 illustrates .this'phenomenon using
using 1967-1970 annual rainfall and temperature data from these
meteorological stations: Oregon City (located in the Willamette
Valley), Portland Weather Bureau City (located in downtown
Portland), and Portland Weather Bureau Airport (located at the
Portland International Airport close to the Columbia River). In all
years notice that Portland Weather Bureau Airport has less rainfall
and colder temperature than Oregon City or Portland Weather

Bureau City,
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Table 8. Average annual precipitation and temperature at
selected meteorological stations.

‘Portland Weather Portland Weather

Oregon City Bureau City Bureau Airport
Precip. Teomp. Precip. Teomp. Precip. Tgmp.

Year (inches) ( F) (inches) ( F) (inches) ( F)
1967 40,87 55.50 38.97 56. 50 29, 24 54. 30
1968  65. 44 54. 40 59.99 55.10 50. 89 52. 80
1969 56. 15 53.90 45.97 54. 60 37.11 52. 80
1970 53. 23 54, 40 52. 64 54.90 41. 35 53.60

Source: U,S.Department of Commerce. Environmental Data
-Service. Climatological Data, Oregon. Annual Summaries
1967 - 1970, Vols 73 to 76, no. 13.

Sources of the Meteorological Data

The National Weather Service (N, W. S.) was the only source
for meteorological data that was of sufficient quality and quantity to
. . 68/ . .
be used in this study,— N, W.S. meteorological stations can be
broken into two classes. (1) First Order Stations which are located
primarily at airports, and provide the most complete meteorological
data (temperature, weather types, precipitation, barometric pres-

sure, wind speed and direction, percent sunshine, percent sky

cover, relative humidity, and visibility, among others). The data

-6—8/In investigating and retrieving data available through the
National Weather Service, the researcher is indebted to Stanley
Holbrook; Oregon State Climatologist; National Weather Service;
Portland, Oregon.
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are presented in monthly issues of Local Climatological Data which

are published by station. The First Order Station in the study area
was at Portland International Airport, (2) Second Order Stations
included all the other meteorological stations, The data was pre-

sented monthly in the Climatological Data by state., The data from

these stations were not as numerous as they were from the First
Order Stations. Primarily only daily precipitation and temperatures
were consistently provided by the Second Order Stations.

Several sources (13, 14 and 46) were examined to determine
whether the meteorological data were readily available on magnetic
tape or punched cards, They were not, and a request was submitted;'fd'

theState of Oregon Climatologist for all published Climatological Data

for Washington (71) and Oregon (70), and all published Local

.Climatological Data for Portland International Airport (72). The

meteorological data used in this study were coded from these

‘publications.

.Coding the Meteorological Data

Two problems were encountered with the meteorological data
which had to be resolved before the data could be coded and punched
on cards, The first problem was what stations, of those available,

to include in the study's meteorological network, The second problem
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was the frequency with which the data should be‘ coded, i.e., hourly,
daily, or monthly,

There were many stations and data which could be coded within
the study area, Several simple statistical tests and visual inspec~
tion of the data were conducted to determine what stations should
be used, and the frequency with which the data should be coded. The
analyses dealt with the variations of the meteorological conditions
in the study area over space and time. The period of record for
these tests was 1967 through 19 70.6—9/

When one year was compared to another during the 1967 to
1970 period, mean annual temperature and total annual precipitation
of all meteorological stations in the study area, with one exception,
fluctuated together. That is, if Hillsboro was greater in mean
annual temperature for 1967 compared to 1968, then so were the
other stations. The exception was Oregon City on annual precipita-
tion between 1969 and 1970.

A statistical test was made to determine whether the difference
between the maximum and minimum annual temperature means were
statistically different. < The two stations exhibiting the largest dif-

ference between each other were Portland City, annual mean

69/

. The stations used in these analyses were located in or near
the towns of Warren, Portla_.nd, Hillsboro, Oregon City, Troutdale,
and McMinnville in Oregon; and Vancouver, Washington.
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temperature 1967, versus Vancouver, annual mean temperature
1970. The test showed the means not to be statistically different
at the five percent level, A statistical test of the maximum and
minimum monthly temperature means, for the same months of the
four year period on all stations, showed the means to be statistically
different from each other at the one percent level, The two stations
exhibiting the largest difference were again Portland City and Van-
couver for February 1970, From these analyses it appeared that
while there may be monthly fluctuations between stations, the annual
meteorological conditions within the study area were not materially
different with respect to temperature. Where changes did occur
from one year to the next, with temperature and precipitation, the
changes, with the exception noted, were all in the same direction.

Since the study was using daily medical records, and the air
pollution values could be estimated daily, it was decided to use daily
meteorological conditions. However, a judgement was made that,
since all the stations seemed to fluctuate in the same direction,
coding of daily data for all the stations would not add that much to
the statistical analyses. Hence, the decision was made to code the
daily observations of two stations and let them represent the
meteorological changes over the study area. The stations coded
were Portland International Airport, located on the Columbia River,

and Portland Weather Bureau City, located at Northwest Eighth and
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Davis Street in downtown Portland. The Portland Airport station
was assumed to be representative of the effects caused by the
Columbia Gorge, The Portland City station was sel‘ected because
it was removed, somewhat, from the influence of the Gorge. Data
from the downtown station would be more representative of the
southern portion of the study area than data from Portland Interna-
tional Airport. Patients consuming medical services were assigned
the meteorological values of the station closest to their residence
address as determined by state plane coordinates.

Derivation of the Meteorological Variable:

X - Model 2.3, X - Model 2.5

14ijk

10icj

The effect of temperature extremes on cardiovascular-
respiratory problems were detailed in Chapter II, It was desired to
specify a measure which would incorpox.'ate both temperature
extremes-"hotand cold - intoone variable, Degree days, the absolute
difference between the average daily temperature and 650F, appeared
to fulfill this requirement. As the average ambient temperature
becomes colder the variable will increase; i, e., the absolute dif-
ference between the cooling temperatures and 65°F will increase.
And. as the average ambient temperature becomes warmer the

variable also will increase; i, e., the absolute difference between
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the warming temperature and 65°F will increase. -As the variable
increases, ohe ‘would expect increased aggravation of certain
cardiovascular-respiratory problems. Higher values of this
variable are expected to be positively related to the dependent

variables of both statistical models.
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VIII. STATISTICAL RESULTS

Introduction

The first section of this chapter will present some of the
statistical analyses performed on the air pollution data from Portland,
Several preliminary tests of Models (2. 3) and (2. 5) were made,

‘For the tests a ten percent systematic sample of all

available observations was drawn. As a result of the tests, several
variables in the statistical models were respecified. The last part
of the chapter will detail the statistical results obtained from the

respecified models, where all of the data were included in the analysis,

Preliminary Analyses on the Air Pollution Data

One of the initial questions which had to be answered, before
this study could be undertaken, was whether there was variation over
time and space of air quality levels within the Portland area.

Several preliminary analyses were conducted on the air pollution to
determine the existence of such variation. The results of the analy-
sés are discussed in the next several paragraphs.

One form of analysis included computing the monthly means,
variances, and standard deviations for nine suspended particulate

stations which had been in operation throughout the 1969 to 1970
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study period., The results indicated that there was quite an amount
of within month variation for each station. This was expected,

An analysis of variance was run on the monthly means of the
nine suspended particulate stations for the 1969 to 1970 period. The
analysis of variance.table may be seen in Table 9. With an analysis
of variance containing interaction terms, if any of the first order
interaction are significant (year by month, year by station, and
month by station in Table 9) then the main effects (year, month, and
station in Table 9) do not have any meaning,

Table 9. Analysis of variance table for the nine suspended
particulate stations,

Sum of Degrees of Mean

Source "Squares Freedom Square F
Year 3967. 2244 1 3967. 2244 -
Month 17909.9682 11 1628. 1789 -
Station 102040, 3072 8 12755. 0384 -
Year by month 16389.1217 11 1489.9202 3.2279
(YXM)
Month by station 5398.1639 88 613,3882 1.3289
(MXS)
Year by station 3881. 0485 8 485.1311 1,0510
(YXS)
Year by month

by station 40618. 4404 88 461.5732 -

(YXMXS)
Total 238784, 2743 215 - -
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Looking at the first interaction term, (YXM) the following
hypothesis is being tested: Ho1 : The differences between months
are the same from one year to the next, The null hypothesis is
rejected. The F test is significant at the one percent level. The
difference between identical months are not the same from one year
to the next, One could tentatively conclude that the depth of the
pollution surface (amount of pollution) in Portland changes from one
year to the next within the same months.

The interaction MXS tests the following hypothesis: Ho2 :
The differences between stations are the same from one month to
the next averaged over the years, The F test does not allow a rejec-
tion of the null hypothesis. One can tentatively conclude that the
differences between stations do not change significantly from one
month to the next. This would tend to indicate that while the depth
of the pollution surface might change by month from one year to
another, the shape of the surface will not change significantly from
station to station over time.

The interaction YXS tests the following hypothesis: H03 : The
differences between stations are the same from one year to the
next.. The F statistic does not allow a rejection of the null hypothesis.
This would tend to collaborate the MXS interaction: While there may

be changes in the depth of the pollution, the relative shape of the

surface does not change from one year to the next,
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The tests of the above hypotheses allow the following conclu- -
sions to be advanced about air pollution patterns in Portland. If
annual or monthly isopleths of pollutionloadings in Portland were com-
pared, one would find that while the amount of pollution (depth of the
pollution surface) in Portland may vary over time, the relative
loadings (shape of the pollution surface) will remain unchanged, i.e.,
those areas with high pollution will remain high in comparison to
all the other areas, those areas with low pollution will consistently

remain low in comparison to all the other areas.

Preliminary Examination of the Statistical Models

Only outpatient medical records of respondents to the house-
hold interview were examined in this study. To obtain these records
a sort was made on the '""Outpatient I, C,D,A,, T-Code Tape, ' dis-
-cussed in Chapter IV, to create a second magnetic tape containing
only respondent outpatient medical records for 1969 to 1970. This
tape will be referred to as '"The C.R. V, S.'m/- Severity Tape, "

It contained approximately 6, 000 outpatient medical records.

The medical records were matched to the socioeconomic-

demographic data obtained from the "Household Interview Tape. "

As the medical and socioeconomic-demographic records were

E/C. R. V.S. stands for California Relative Value Studies.
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being matched, the records of 187 respondents who did not live in
the study area were deleted.‘ﬂ/ The town and zip codes used in
‘coding the residence and job addresses for Admatch were utilized
to delete the records,

Air pollution and meteorological values were estimated for
each patient on the day of contact with the medical system, and for
each of the three days prior to that contact, The lagging of air
pollution and meteorological values is an attempt to answer how soon
after meteorological and air pollution conditions change will morbid-
ity patterns change.

There are two principle types of delays which can affect a
postponement between exposure and the seeking of medical care,

One, it may take a short time after exposure for a disease to become
aggravated, Two, once a patient is ill, it may take him awhile to
recognize it and seek medical care, In essence then, the quest for

a time sequence in causality between exposure to air pollution and
meteorological phenomena, and the onset of an illness, presupposes
some reasonable length of time between cause and effect., Because
several medical studies, using daily data, have used three day lags,

(19, p. 1062-1063; 26, p. 594), this study did likewise.

-?l/These 187 respondents included th'é¢ respondents -

living at the 50 addresses which were indicated as being outside the
study area in Chapter VI,
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Two statistical models were postulated for this study. The
transformations which might be reg__uired on the variables within the
models, in order to obtain the best fit of the data by the models,
were not known beforehand. There were many transformations
which could be pe.rforfned on each of the variables, Using all the
data to test the transformations would be expensive and time con-
suming.

There exists at the Oregon State University Computer Center
a program titled Statistical Interactive Programming System(S. I, P, S. ).
S.1, P, S, provides direct and immediate interaction with the com-
puter. This is a distinct advantage to the researcher in testing dif-
ferent specifications of statistical models and individual variables
within models (either one at a time or in combination with each
other). Another advantage in using S,I1. P.S,, besides its speed, is
that it is relatively inexpensive for the amount of information that
can be obtained from it. - The biggest disadvantage with S.1. P. S. is
that there is a limit to the amount of information (specifically the
number of variables and observations) that it can handle. Therefore,
to take advantage of S.1. P.S., a ten percent, systematic sample
was drawn from the C. R, V. S, -Severity Tape,.

The ten percent sample was used to perfect the statistical
models (2.3 and 2, 5), in terms of final specification, before using

all of the data to test them. A different ten percent sample was
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used to perfect Model (2.5). The reason for this was because of

the aggregation over census tracts, which required the writing of
a special program and a different ordering of the tape from which
the sample was drawn,

Many transformations were tried with each of the variables
in the models. The method used to develope each transformation
was to look at scatter diagrams between the dependent and each of
the independent variables. The form the scatter would take would
often provide clues to the transformations needed on the variables.
The transformations were then tried in regression. Where several
transformations were tried on a variable in the model, the criterion
used to decide between the specification was to choose the trans-
formation giving the highest level of significance; i. e., the férge-st
t statistic on the coefficient, Where this did not discriminate, the
transformation which yielded the highest coefficient of multiple
determination (RZ) was chosen. The following variables in both
models were transformed to logarithms base e: the dependent
variables, the air pollution variables.{including all lags), and the
meteorological variables (including all lags). The meteorological
variable was respecified from degree days to a. Temperature
Humidity Index (T.H. 1. ).

A more complete discussion of the T.H, I. will be given in the

next section, Suffice it to say that it is an empirical measure of the
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impact on human comfort of temperature and humidity (38, p. 56).
The higher the value of the index, the greater the patient's discom-
fort,

Degree days was dropped from the models because the coef-
ficients were not statistically significant, and had negative instead
- of the expected positive signs. The discussion about the meteoro-
logical variable in Chapter 1l demonstrated there are many meteoro-
logical conditions which can affect a state of health., A. priori, it is
difficult to identify the meteorological conditions which will affect
a state of health within a given region; i.e., different meteorological
variables must be tried., Degree days was included within the
models, because it was a variable which took account of extremes
of temperature at both spectrums. Probably the prime reason the
variable was not significant was the lack of variation in the variable,
For example, on the ten percent sample, degree days had a mean
of 13, 65 and a standard deviation of 8. 89 for the unlagged variable,
This would tend to indicate that the temperature extremes in
'Portland were not severe enough to affect a state of health,

. The respecified statistical models resulting from S.I. P. S.
are given below. Model (2.3) has been respecified as Model (8. 1)

and Model (2. 5) has been respecified as Model (8. 2).
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where
'X14ijk = a measure of the meteorological conditions that
the kth patient, who consumes medical services
for disease i, is exposed to on day j, expressed
as a Temperature Humidity Index; and
(i=1,...,n) (j=1,..., m); (k=1,..,,1).
And XI.ijk' .oy Xl3ijk' {30, ey {31.3,
with Model (2. 3).

and € are as previously defined

Model (2. 5) is respecified as follows,

InY;

.= B.X X_. . X X
icj 0By + 81X 5y * 8% 21cs. t PsX3ics T PR aics *
X . . +p,X,.  +BX_. . +B8X. .+pX
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Brol®®10icj T P11 1R 14 T
where
X 10ic; = the average measure of meteorological conditions

for patients consuming outpatient medical ser-

vices for disease i from census tract ¢ on day j,
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expressed as a: Temperature Humidity Index; and

(i=1,...,1089) (¢c=1,...,p) (3=1,..., m).

And X e, X . ., andX. . 5B.,..
e ey 9ici’ **4 *11ics Po

s 59, and Bll; and € are as
previously defined in Model (2. 5).

There were several items accomplished through the S.I, P, S,
program which influenced the testing and respecification of the
statistical models, A test was made for an interaction between the
air pollution and meteorological variables, with the meteorological
and air pollution variables also specified in the model at the same
time, The test proved not to be statistically significant,

Two air pollution variables were tested in S,I, P, S, One
variable was composed only of the patient's estimated exposure to
air pollution at his place of residence. The second variable tested
was weighted, as per the discussion in Chapter VII, to reflect expo-
sure to air pollution at place of residence and work, The weighted
air pollution variable proved to be statistically more significant.

It was felt that if a relationship between air pollution and the
consumption of medical services were to exist, that association
would most likely be with respiratory and circulatory illnesses
(categories I and IV in Table 1, Chapter IV), Air pollution was
found to be statistically significant at the five percent level for
respiratory diseases analyzed alone, and for circulatory-respiratory

diseases analyzed together. When circulatory diseases were
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analyzed alone, air pollution was not statistically significant, For
this reason, only respiratory and respiratory-circulatory diseases
together were analyzed in the respecified models using all the data,

In the S,I.P,S, regression of Model (8, 2), air pollution was
not statistically significant at the five percent level in affecting the
consumption of outpatient medical services used to treat respiratory
illnesses, The highest R2 for the S,1. P, S, testing of (8, 2) occurred
when the air pollution and meteorological variables were lagged one
day. Hence, given a severe budget constraint on the funds available
for computer use, analysis of this model was not extended to other
disease categories.

It was expected there might be a problem with autocorrelation
in this analysis. Autocorrelation occurs when the observations on
the dependent variable are not independent of each other., A plot
of the residuals (the difference between the predicted observations
obtained from the regression equation and the actual observations)
indicated that such a problem did not exist for either. of the disease
.categories tested,

The results of the S.I. P, S, regressions may be seen in
Appendix Tables 1, 2, and 3, Attention is now turned to discussing
the analysis associated with the respecified statistical models using

all of the data,
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The Regression Results:  Statistical Model 8.1

The respecified statistical models were tested for each of
several disease categories specified within the dependent variable,
To be more specific, Model 8.1 was tested with respiratory diseases
alone, and with circulatory-respiratory diseases combined. The
regression results for each disease category can be seen in Tables
10 and 11, pages 188 and 193, respectively. Sub-Models 1 through
4 indicate the lags for the air pollution and meteorological variables.
Sub-Model 1 is not lagged, Sub-Model 2 is lagged by one day, Sub-
Model 3 is lagged by two days, and Sub-Model 4 is lagged by three
days.,

Before proceeding directly to the regression results, it would
perhaps be best to summarize the characteristics assumed inherent

in the dependent variable of (8. 1), Yijk'

All the outpatient medical
services used to treat a single disease incident per contact with the
medical system were expressed in California Relative Value Units,
The units were transformed to dollar values such that the dollar
values would approximate the quantity of medical services consumed
per contact,

This section will discuss the regression results of Model 8.1

by independent variable. . The regression results for the respiratory

disease model will be presented first, then the results of the
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circulatory-respiratory diseases combined will be discussed.

Age of the Patient: (X )

lijk

.Respiratory Diseases. The estimated coefficients of this

variable were not significantly different from zero (see the results
in Table 10). The average age of the patient consuming outpatient
medical services for respiratory diseases was 46 years,

Circulatory-Respiratory Diseases. - The estimated coefficient

for age was significantly different from zero at the 20 percent level
for Sub~Model 1 in Table 11. 12/ The coefficients in the other models
were not statistically significant,

The sign of the coefficient in Model 1 was negative. The
.hypothesized sign for this variable, in Chapter V, was positive;
i.e., the older the patient becomes, the more medical services he
consumes. The negative coefficient indicates that he consumes less
medical service,

Two explanations can be given for the negative sign on the

coefficient, One, since the variable is barely significant at 20

Z-Z-/Be-cause of the nature of the study and the type of data being

used, it was decided that any coefficient not significantly different
from zero at, minimally, the 20 percent level would be considered
not statistically significant for purposes of this research.
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13 . . .
p-ercent,—/ the results should be discounted; i.e., there is a one

in five chance of committing a type I error for the statistical test.
The average age for patients consuming outpatient medical
services for circulatory-respiratory illnesses is 54 years, for
respiratory diseases it was 46. This indicates that an older group
of patients are obtaining treatment for circulatory-respiratory
problems. Hence, the second reason the coefficient on the age
variable may be negative is as follows. Most circulatory-respiratory
diseases in older people may be severe enough to require hospital-
ization, such that fewer medical services are consumed on an out-
patient basis., Whereas younger patients, with a probable‘ better
state of health, would most likely not be hospitalized. Treatment of
the diseases for the younger patients would be at a clinic, and,
proportionately, they would consume more outpatient medical

74/

services, —

Sex of the Patient: (X )

2ijk

Respiratory Diseases. The estimated coefficients of this

7—3/'The critical value of t at (1,0, 0,95) = 1. 282 (for a two-

tailed t test) (17, p. 305). The calculated t for Sub-Model 1,
Table 11:1.289.

4 . . .
24/ This is not to argue that older patients may not visit a

clinic more than younger patients. It is argued that, proportionately,
they consume fewer medical services per visit,
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variable were significantly different from zero at the five percent
level in Model 8.1, for all lags. The signs -of the coefficients were
negative, which indicated that women consumer fewer medical
services than men, This is not unexpected when one considers that
the incidence of many respiratory diseases are lower for women
than men. Some diseases are less prevalent in one sex group. If
this happens, then persons within the group having the disease
might be less acutely ill than individuals outside the group who also
might contact the disease. Over 68 percent of the patients consum-
ing outpatient medical services were women,

Circulatory-Respiratory Diseases. The regression coeffici-

ents ‘were not statistically significant., This would tend to indicate
that, at least with circulatory-respiratory diseases combined, sex
does not have a discriminating role in the consumption of outpatient
medical services. Approximately 64 percent of the patients consum-

ing outpatient medical services were women,

Marital Status: (X )

3ijk

Respiratory Diseases. The coefficients of the marital status

variable were not statistically significant, This would tend to indi-
cate that marital status has no effect on the consumption of medical
services. Over 84 percent of the patients receiving outpatient medi-

cal services were married,
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Circulatory-Reéspiratory Diseases. 'As with reéspiratory

diseases, the marital status coefficients were not statistically dif-
ferent from zero. While over 81 percent of the patients receiving
treatment for circulatory-respiratory diseases were married, being
married seems to have no influence on their consumption of medical

services.

Number of People in the Patient's Household: (X )

4ijk

Respiratory Diseases., The estimated coefficients of this

variable were not statistically significant, Although the average
number of people within the patient's household was 3. 39, this
appeared not to influence the consumption of outpatient medical
services. This does not deny the fact there may be more visits to
the clinic because of the crowding. However, it would appear that
crowding has no affect on the severity of the disease state.

Circulatory-Respiratory Diseases. Since crowding had no

effect on the consumption of medical services with respiratory
diseases, it was not surprising to find it statistically insignificant
with circulatory-respiratory diseases, The average number of
people in the patient's household, who are suffering from circulatory-

respiratory diseases, was 2.89. Again this indicates that an older
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set of people were being considered in the circulatory-respiratory

.disease category,

)

’Household Income: (XSijk

Respiratory Diseases. It was argued in Chapter II that the

consumption of medical services, in the treatment of cardiovascular-
respiratory problems, were not affected by the price of the service
or the patient's income, regardless of the sources from which the
care was received. The argument was supported to some extent by
empirical evidence. The main reasons why the demand for medical
care was assumed to be price and income inelastic were as follows:
the nature of the diseases being examined; the minimum amount of
medical services required to maintain the patient's state of health
who is suffering from the diseases; and, with respect to price, the
inability of the consumer to effectively evaluate alternative medical
procedures at different prices.

From strictly a medical standpoint, price and income do not
influence the Kaiser patient's ability to consume medical services;

i.e., all Kaiser members, ceteris paribus, have essentially the

same opportunity to consume identical medical services, Given
these facts, the assumption of the above paragraph allowed the

following assertion to be made. The use of a prepaid system, such
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as Kaiser's, can be used to estimate the medical costs of certain
diseases associated with air pollution, and the estimates derived
will be representative of other medical systems.

Household income was included in this study in an attempt to
describe the patient's ability to make expenditures, in lieu of con-
suming medical services, which would preserve or improve his
state of health. Examples of such expenditures would be those made
for sound housing and nutritional food. The coefficients of the house-
hold income variables were not statistically significant in any of the
Sub-Models of (8. 1).

It would appear, at least for outpatient medical services, that
household income does not play a significant role in this respect,
One reason for this, perhaps, is the availability of income supple-
ments within the Portland area to low income families. These would
include welfare, availability of surplus foods, and/or food stamps.
The income supplements and the opportunity for all Kaiser members
to consume the same kinds of medical services, would tend to
minimize any differences in the consumption of medical services
as between families having different income levels, The mean house-
hold income of patients consuming medical services for respiratory
illnesses was approximately $12, 085,

Circulatory~-Respiratory Diseases. The coefficients were not

significantly different from zero., The reasons for the nonsignificance
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are probably the same as those given for the respiratory diseases
above.

The household income for patients consuming outpatient medi-
cal services for circulatory-respiratory illnesses was approximately
-$10, 766. Again this reflects the older age group that is being
examined in this disease category. Based on age, family size, and
income, it would appear, as compared to the respiratory disease
category, that many of the patients in the circulatory-respiratory

category are retired.

Race:

(X6ijk' x?i_jk)

Respiratory Diseases. The coefficients of the two race vari-

bles were not statistically significant, This would imply that race
is not important in the consumption of outpatient medical services

-whit
6ijk)' other non-whites (x7ijk

as between Negroes (X ), and whites,
Of the contacts with the Kaiser system, which resulted in outpatient
medical services being consﬁmed, approximately 5, 2 percent of the
.contacts. were by Negroes, 1.6 percent by other non-whites, and

93. 2 percent by whites,

Circulatory-Respiratory Diseases. Neither of the race coef-

ficients were statistically significant, As with respiratory diseases
it would appear race is not important in affecting the consumption

of outpatient medical services. Of the contacts with the Kaiser
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system resulting in the consumption of medical services, approxi-
mately 3, 2 percent of the contacts were by Negroes, 1.7 percent

by other non+whites, and the other 95. 1 percent by whites.

| Physical Fitness: (XSijk' X9 ijk)

Respiratory Diseases. Physical fitnhess was expressed as two

qualitative variables. represented a great deal of time and

Xgiik

energy expended by the patient in being physically fit; X repre-

9ijk
sented some time and energy expended by the patient in being physi-
cally fit, Statistically these were tested against the third category,
‘where very little time and energy was expended being physically fit,
It was expected that the more physically fit patient would consume
fewer medical services,

With respiratory diseases, the coefficients were not signifi-
cant at the 20 percent level. It would appear that physical fitness
does not influence the consumption of outpatient medical services
for respiratory diseases,

Of the -contacts with the Kaiser system, which resulted in the
consumption of medical services, 17.5. percent indicated they
spent a great deal of time and energy being physically fit; 56, 2
percent indicated they spent some time and energy being physically
fit; 26. 2' percent spent very little time and energy being physically

fit,
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Circulatory-Respiratory Diseases. The coefficient of X

8ijk
was significantly different from zero at.the 20 percent level in all

sub-models, was statistically significant at the ten percent

X9'1jk
level in all sub-models, The signs on both of the coefficients were
negative as expected. There is a suspected association between
lack of physical exercise and coronary heart disease (25, p. 15),
and lack of exercise and circulatory problems in general. Hence,
with circulatory-respiratory diseases, it was not a surprise that
~ the physical fitness variables were statistically significant, but not
statistically significant when the respiratory diseases were analyzed
alone.

Of the patients who contacted the Kaiser system and consumed
outpatient medical services for circulatory-respiratory diseases,
18. 6 percent, 50.3 percent, and 31,1 percent indicated they spent

a great deal, some, and very little time and energy, respectively,

being physically fit,

Drinking: (X )

10ijk

Respiratory Diseases. The estimated coefficients for X

10ijk
were significantly different from zero at the five percent level in all
sub-models. The variable was a measure of how many times a year

a respondent drank six drinks, eight cansof beer, or a bottle of

table wine. The estimated coefficients of the variable had the
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expected positive signs. This would tend to support the hypothesis
that heavy drinking can affect a state of health and influence the
‘consumption of outpatient medical services.

The average number of times patients consumed alcohol
excessively was 12. 4 times a year. The mean reflects many zero
values assigned to respondents who indicated they had not drank
excessively during the 12 months prior to the household interview
date. The standard deviation of the mean was 38.0,

Circulatory-Respiratory Diseases., For all the sub-models, the

coefficients were statistically significant at the five percent level.
All the coefficients had positive signs as expected. The average
number of times per year patients indicated they drank excessively

was-10.9. The standard deviation for the mean was 40. 3,

Cigarette Smoking Index: ( )

Xl lijk

Respiratory Diseases. While the coefficients had the right

positive signs, none were significantly different from zero at the

20 percent level. The coefficient. in Sub-Model 4 came the closest
to being significantly different from zero at the 20 percent level.
The index took a value of zero if the patient indicated he had never
regularly smoked cigarettes in his life. Of the 2, 439 respondents
to the household interview, 991, or 40. 6 percent, indicated they had

not smoked regularly in the past., The mean smoking index for
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patients consuming medical services was 152, 1 with a standard
deviation of 247. 8.

If any disease category would have been most affected by ciga=--
rette smoking, respiratory diseases should have been. There are
a number of potential problems with the cigarette smoking index,
Perhaps not enough weight in the index has been attached to the
cigarette smoking habits of former smokers. The variable could
be respecified to include only the number of cigarettes smoked per
day, or the number of years the patient has smoked.

It is also quite possible that patients suffering from diseases
most affected by cigarette smoking (chronic bronchitus and emphy-
sefna) would receive proportionately more of their medical services
in the hospital. -This would particularly be true in more severe
cases of the disease. It could be the case, too, that once a patient
has a disease affected by smoking, he may visit the doctor more
often but the amount of medical services consumed per visit would
remain constant., There is also the possibility that cigarette smok-
ing (past or present) has no affect on the consumption of outpatient
medical services for respiratory diseases,

Circulatory-Respiratory Diseases. The coefficients were not

statistically significant in any of the models. If the coefficients were
not statistically significant with respiratory diseases, the fact they

were not significant with circulatory-respiratory diseases combined
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was not surprising. Again the lack of statistical significance may
be due to the specification of the variable, the nature of or the fact
that there is no association between cigarette smoking (past and
present) and consumption of outpatient medical services. The mean
smoking index for patients consuming medical services was 153.9

with a standard deviation of 247. 2.

Occupational Exposure Index: (

X
12ijk)

Respiratory Diseases. This variable was expressed as an

index. A value of zero was assigned to patients who did not work,
Values greater than zero were assigned to each working patient,
based upon the number of hours worked per day (plus transit time)
times a weightingfactor representing job related exposuretodusts.

The coefficients were not significantly different from zero at
the 20 percent level. This is not surprising given the fact that 23
percent of the subscribers in the five percent sample were employed
in clerical-sales (22, p. 301), resulting in a2 low occupational
exposure index, Also approximately 39 percent of the respondents
to the questionnaire did not work at all. The mean occupational
exposure index of those seeking medical services was 3.4 with a
standard deviation of 5. 4.

Circulatory-Respiratory Diseases. The coefficients were
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statistically significant at the ten percent level. The signs of the
‘coefficients were positive as expected”‘: Why the coefficients would
be statistically significant for circulatory-respiratory diseases, and
not for respiratory diseases alone, is a mystery, It is possible

the index may be picking up some variations in other variables not
included in the model, It is not known what these other variables
could be, The mean occupational exposure index for those consum-

ing medical services was 2. 6 with a standard deviation of 4.9..

Air Pollution: ( )

X
13ijk

Respiratory Diseases. The coefficients of the air pollution

variables were significantly different from zero for each of the sub-
models in Table 10 as follows: Sub-Model 1 - significantly different
from zero at the five percent level; Sub-Model 2 - significantly dif-
ferent from zero at the two percent level; Sub-Model 3 - statistically
significant at the ten percent level; Sub-Model 4 not statistically
significant at the 20 percent level. All coefficients had positive
signs as expected. The null hypothesis that deteriorations in air
quality causes no increase in the consumption of medical services
per outpatient contact with the medical system is rejected.

The highest level of statistical significance for the air pollution
‘coefficient occurred in Sub-Model 2, where the variable was lagged

2
by one day. This model also had the highest R of the four models.
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This would tend to confirm the belief expressed earlier that there
is a delay between exposure to air pollution and contact with a
Kaiser clinic,

Using the coefficients, from each of the sub-models in which,
they. were statistically significant, a 20 microgram increase in air
pollution, from 60 to 80 micrograms per cubic meter, would
increase outpatient medical costs per contact as follows: - Sub-Model
1, an increase of 3, 3 cents; Sub-Model 2, an increase of 3, 5 cents;
Sub-Model 3, an increase of 2. 4 cents,

For the variable lagged one day, the average exposure to air
pollution, of patients seeking outpatient medical services, was
61. 8 micrograms per cubic meter. The standard deviation was
35.2. The means for each of the .other lags may be seen in Table 10.

Circulatory-Respiratory Diseases. The air pollution coeffici-

ents were not statistically significant, The null hypothesis that
deterioration in air quality causes no increase in the consumption of
medical services per outpatient contact with the medical system is
not rejected,

One reason, perhaps, why air pollution is not statistically
significant is that many circulatory problems may be severe enough
to require hospitalization. Any outpatient medical services con-
sumed for treatment of circulatory problems would be routine,

thereby limiting the variation in the dependent variable. The
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average unlagged exposure to air pollution for patients obtaining
medical care was 62, 4 micrograms.. The standard deviation about

the mean was 34, 3.

)

Meteorological Conditions: (X14ijk

The T.H.I. was substituted for degree days as a measure of
the meteorological conditions in the study area. Originally, the
main purpose for developing the T.H.I. was to have a simple method
of determining the effect of summer conditions in the United States
on human comfort (65, p. 41). There are several ways to calculate

T.H.I1. 'The following formula (65, p. 41) was used in this study.

T = . T ,
LH.I, 0.4(Td+ W)+15 (8.3)
where
Td = dry-bulb (air) temperature in OF.
Tw-7—-/ = wet bulb temperature in OF.

E/Atmospheric humidity can be measured by use of a mercury
thermometer with a moistened wick surrounding the mercury
reservoir, With adequate ventilation of the wick, its temperature
is lowered by evaporation to a constant value, the wet-bulb tempera-
ture. This, together with air temperature and suitable tables,
can be used to determine dew point or relative humidity (38, p. 7).

The only meteorological station in Portland which measured
wet-bulb temperature was at the Portland International Airport.
Hence, both wet-bulb and dry-bulb temperatures used in calculating
the T.H.I. were measured at the Portland Airport, and inferred
as being representative of the entire study area,
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The T.H.I. was substituted for degree-days in this study
because temperature and humidity have been associated with both
cardiovascular and respiratory problems. T.H,I, allowed both
conditions to be expressed in one variable. Empirical studies in
the United States have shown that ten percent of the general popula-
tion becomes uncomfortable when T.H.I. reaches a value of 70,
Fifty percent of the population becomes uncomfortable when the
T.H.I. reaches 75 (65, p. 42).

As previously mentioned, higher values of this index mean
increased discomfort to the patient. For patients susceptible to
circulatory and respiratory problems, higher T, H.I. values could
aggrevate existing health conditions and result in increased consump-
tion of medical services. Hence, it is expected the coefficient of
this variable will be positively related to the dependent variable,
Attention is now turned to the statistical results obtained from this
variable,.

Respiratory Diseases, The estimated coefficients for the

T.H.I. variables were statistically significant at the one percent
level for all the models in Table 10. All the coefficients had the
‘expected positive signs. This would tend to support the supposition
that the combined factors of temperature and humidity influence the
consumption of medical services,

For all the sub-models, the mean T,H.I. value of those



Table 10. Regression results of statistical model 8. 1: respiratory disease.

Sub-Model 1 - Unlagged

Sub-Model 2 - Lagged One Day

Variables Coefficients? t Statistic Me anb Coefficients? t Statistic Me anP
{ Untransformed) (Untransformed)

Sample Size 1700 1700

Constant 4,0995E-01 1,7224E-01

Age 9. 2984E-04 0.5271 46.0506 9.4703E-04 0.5373 c
(1.7641E-03) (16.0231) (1.7625E-03)

Sex -9, 2609E-02 2,1011 /_VO. 6818 -9, 1826E-02 2.0851 c
(4.4077E-02) ¥ (0. 5537) (4.4040E-02)

Marital 4.9017E-02 0. 6946 0.8424 5.0257E-02 0.7127 c

Status (7.0571E-02) (0.3645) (7.0520E-02)

Number of People -2.2342E-04 0.0135 3.3906 -5.5410E-04 0.0335 c

in Household (1. 6566E-02) (1.7783) (1. 6546E-02)

Household 1.3839E-06 0.4229 12085.4412 1.3071E-06 0. 3999 c

Income (3. 2721E-06) (7525. 6879) (3. 2683E-06)

Race-Negro -1,2499E-01 1.1793 0.0524 -1.2354E-01 1.1669 c
(1.0598E-01) (0. 2228) (1.0587E-01)

Race-Other 1,1757E-01 0. 6240 0.0159 1.1621E-01 0.6177 c

Non-white (1.8843E-01) (0.1251) (1.8814E-01)

Physically -3.6543E-02 0.5091 0.1753 -3. 6802E-02 0.5132 c

Fit (7.1782E-02) (0.3803) (7.1711E-02)

Somewhat -6.6018E-02 1.1855 0.5624 -6.7155E-02 1.2070 c

Physically Fit (5. 5690E-02) (0.4962) (5.5637E-02)

881.



Table 10. Continued

Sub-Model 1 - Unlagged SuB;Model 2 - Lagged One Day

Variables Coefficients 2 t Statistic Me anb Coefficients® t Statistic Mea.nb
’ (Untransformed) (Untransformed)
Drinking 1.4501E-03 2.2573 12,4064 1.4583E-03 2,2721 c
(6.4242E-04 (37.9688) (6.4184E-04)
Smoking 1,1919E-04 1. 2061 152.0516 1,1652E-04 1.1798 c
Index (9. 8823E-05) (247.8353) (9.8761E-05)
Occupational 1.3806E-06 0.3018 3.4162 1.5975E-03 0.3497 c
Exposure (4.5747E-03) (5.3893) (4.5681E-03)
Index
Air Pollution 8.1786E-02 2.2346 61,2532 8.4906E-02 2.3605 61,7633
(3. 6601 E-02) (34.8633) (3.5969E-02) (35. 2088)
Temperature 3.9050E-01 2. 6017 53,0533 4.4765E-01 3.0250 52,9020
Humidity (1. 5010E-01) (8.0905) (1.4798E-01) (8.1066)
Index
Outpatient 14,7539
Medical (12.0912) -
Services
R2 2, 1991E-02 2.3885E-02

681



Table 10. Continued

Sub-Model 3 - Lagged Two Days

-Sub~-Model 4 - Lagged Three Days

Variables Coefficients? t Statistic Mean Coefficients® t Statistic Mean?®
(Untransformed) (Untransformed)

Sample Size 1700 1700

Constant 3.2088E-01 2.8884E-01

Age 9.8659E-04 0.5592 c 1.0105E-03 0.5728 c
(1.7643E-03) (1.7641E-03)

Sex -9.3276E-02 2.1158 c -9. 6809E-02 2.1959 c
(4.4085E-02) (4. 4086E-02)

Marital 4, 6437E-02 0. 6580 c 4.3497E-02 0.6163 c

Status (7.0569E-02) (7.0582E-02)

Number of People -4,1014E-04 0,0248 c 2.3213E-04 0.0140 c

in Household (1. 6564E-02) (1, 6565E-02)

Household 1, 2893E-06 0. 3940 c 1. 1461E-06 0.3502 c

Income (3.2721E-06) (3. 2724E-06)

Race-Negro -1,2677E-01 1,1959 c -1, 2602E-01 1. 1887 c
(1.0600E-01) (1,0601E-01)

Race-Other 1, 2076E-01 0. 6415 c 1,2032E-01 0. 6393 c

Non-white (1.8824E-01) (1.8821E-01)

Physically | . - -3,2048E-02 0.4467 c -3.1869E-02 0.4443 c

Fit (7.1742E-02) (7.1726E-02)

Somewhat -6,5781E-02 1.1809 c -6.3444E-02 1.1385 c

Physically Fit (5. 5702E-02) (5.5724E-02)

061



Table 10, Continued

Sub-Model 3 - Lagged Two Days

Sub-Model 4 - Lagged Three Days

Variables Coefficients? t Statistic Me a.nb Coefficients® t Statistic Me anb
(Untransformed ) {(Untransformed)

Drinking 1.4623E-03 2.2763 c 1.4348E-03 2. 2334 c
(6.4238E-04) (6.4241E-04)

Smoking 1.2433E-04 1.2585 c 1.2607E-04 1,2763 c

Index (9.8795E-05) (9.8778E-05)

Occupational 1.7257E-03 0.3776 c 1.9866E-03 0.4346 c

Exposure (4.5709E-03) (4.5709E-03)

Index

Air Pollution 6.4037E-02 1.7363 62. 1665 4,6301E-02 1, 2617 62.1979
(3. 6881E-02 (35.1278) (3. 6696E-02) (35. 2225)

Temperature 4,3036E-01 2.9370 52.9290 4,5616E-01 3.1577 53,0916

Humidity (1.4653E-01) (8.1986) (1.4446E-01) (8.3442)

Index

Outpatient

Medical

Services

R2 2. 1868E-02 2.1725E-02

4The standard error of the regression coefficient is in parentheses, E-01, E 01, E 00, etc., indicate that the decimal place of the number is to be
shifted to the left by one place; shifted to the right by one place; or not shifted at all, respectively,

b
The standard deviation about the mean is in parentheses,

c . . . .
The mean for this variable is the same as its mean in Sub-Model 1. Only the means of the lagged variables changed per model.
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consuming outpatient medical services for respiratory diseases
was approximately 53, 0, with the standard deviation being approxi-
mately 8.1. This does not compare to the empirical evidence citing
a T .H.I. of 70 as causing ten percent of the population to become
uncomfortable. However, since this study is dealing with respira-
tory diseases, one would expect the patients to be considerably
more susceptible to temperature and humidity than would members
of the general population. This would imply that the T. H.I. values
for these patients could be lower than those cited in the empirical

studies, and still cause discomfort to the patient,

Circulatory-Respiratory Diseases, The coefficients of the

T.H. 1. variable were significantly different from zero in each of
the models in Table 11as follows: Sub-Model 1 - significantly
different from zero at the two percent level; Sub-Model 2 - signif-
icantly different from zero at the one percent level; Sub-Model 3 -
statistically significant at the two percent level; Sub-Model 4
statistically significant at the one percent level. The signs of the
coefficients were positive as expected.

For all the sub-models, the mean T, H,I. value for patient's
suffering from circulatory-respiratory diseases was approximately
54,0 with a standard deviation of approximately 8. 2. The same

argument applies here as was used with the respiratory diseases.



Table 11, Regression results of statistical model 8. 1: circulatory-respiratory diseases,

Sub-Model 1 - Unlagged

Sub-Model 2 - Lagged One Day

b
Variables Coefficients? t Statistic Mean Coefficients? t Statistic Mean
(Untransformed) (Untransformed)
Sample Size 3363 3363
Constant 1.3190E 00 1.2441 E 00
Age -1, 6382E-03 1.2891 54.3717 -1, 6180E-03 1.2742 c
(1.2708E-03) - (16.2918) (1. 2698E-03)
Sex 2.4635E-04 0.0084 0. 6375 1, 3022E-04 0, 0045 c
(2.9157E-02) (0. 5613) (2.9151E-02)
Marital 2.9929E-03 0, 0679 0.8112 2.8894E-03 0, 0655 c
Stagus (4.4089E-02) (0.3914) (4.4082E-02)
Number of People 1.7845E-03 0.1364 2.8944 1.8327E-03 0. 1401 c
in Household (1.3087E-02) (1.6443) (1. 3082E-02)
Bousehold -1.1933E-06 0.5321 10765. 5367 -1, 1682E-06 0.5207 c
Income (2. 2427E-06) (7781.8663) (2. 2433E-06)
Race-Negro -9.6164E-02 1.0739 0.0324 -9, 6459E-02 1.0774 c
(8.9548E-02 (0.1771) (8.9532E-02)
Race-Other 8.0489E-02 0. 6342 0.0167 8.1491E-02 0. 6425 c
Non-white (1.2691E-01) (0.1280) (1.2684E-01)
Physically -6, 2167E-02 1.3519 0.1861 -6. 2172E-02 1.3523 c
Fit (4. 5984E-02) (0.3893) (4.5976E-02)
Somewhat -6,0504E-02 1.6651 0.5031 -6.0654E-02 1. 6696 c
Physically Fit (3. 6337E-02) (0.5001) (3. 6328E-02)

€61



Table 11. Continued

Sub-Model 1 - Unlagged

; Sub-Model 2 - Lagged One Day

Variables Coefficients? t - Statistic Me a.nb Coefﬁcieﬁtsa t Statistic Mean
(Untransformed) (Untransformed)

Drinking 7.9656E-04 1.9904 10.8700 7.9294E-04 1,9818 c
(4.0020E-04) (40, 2684) (4. 0011E-04)

Smoking 6, 0772E-05 0.9147 153.9242 6.0766E-05 0.9148 c

Index (6. 6437E-05) (247.1794) (6. 6422E-05)

Occupational 6. 2953E-03 1.8244 2.6489 6.3640E-03 1.8453 c

Exposure Index (3.4506E-03) (4.8684) (3.4489E-03)

Air Pollution 2.1134E-02 0, 8311 62,3909 1,9713E-02 0.7881 62, 6497
(2. 5430E-02) (34. 3420) (2.5015E-02) (34, 6665)

Temperature 2.4138E-01 2.4001 54,3396 2.6135E-01 2. 6355 54, 2546

Humidity (1.0057E-01) (8.1619) (9.9166E-02) (8.2262)

Index .

Outpatient 13,9063

Medical (12. 6867)

Services

R2 8. 0063E-03 8.3310E-03

14



Table 11, Continued

Model 3 - Lagg_ed Twe Days Model 4 - Lagged Three Days

. . b
Variables Coefficients? t -Statistic Mean Coefﬁcientsa t- Statistic Mean
(Untransformed) (Untransformed)

Sample Size 3363 3363

Constant 1.4245E 00 1.3690E 00

Age -1,5595E-03 1.2281 c -1, 5932E-03 1.2544

(1.2698E-03) (1.2701E-03)
Sex -9, 2519E-04 0.0317 c -1,7524E-03 0. 0601
(2.9156E-02) (2.9143 E-02)

Marital 2.6729E-03 0.0606 c 1,4193E-03 0.0322

Status (4.4103E-02) (4.4101E-02)

Number of People 1.9317E-03 0. 1476 c 2.0741E-03 0. 1585

in Household (1.3086E-02) (1. 3083E-02)

Household -1, 2578E-06 0.5601 c -1, 3074E-06 0.5821

Income (2. 2455E-06) (2. 2458E-06

Race-Negro -9, 6901E-02 1.0817 c -9. 6205E-02 1.0739
) (8.9581E-02) (8.9583E-02)

Race-Other 8.3529E-02 0.6584 c 8.1589E-02 0.6432

Non-white (1.2687E-01) (1.2684E-01)

Physically -6, 1298E-02 1.3327 c -6,0687E-02 1.3194

Fit (4.5995E-02) (4.5995E-02)

Somewhat -6.1317E-02 1.6874 c -6,0791E-02 1.6731

Physically Fit

(3. 6338E-02)

(3. 6335E-02)

G61



Table 11, Continued

- Sub-Model 3 - Two Days

Sub-Model 4 - Three Days

b .
Variables Coefficientsa t -Statistic Mean Coefficients t - Statistic" Me an
(Untransformed) (Untransformed)
Drinking 7.9628E-04 1.9894 c 7.9438E-04 1.9850 c
(4.0027E-04) (4.0019E-04)
Smoking 6. 2927E-05 0.9471 c 6.1176E-05 0.9206 c
Index (6. 6441E-05) (6. 6455E-05)
Occupational 6. 3350E-03 1.8368 c 6.3415E-03 1.8390 c
Exposure (3.4490E-03) (3.4484E-03)
Index
Air Pollution -1, 3033E-03 0.0511 62, 8473 -8.4495E-03 0. 3306 62,7691
(2. 5491E-02) (34. 6274) (2. 5556E-02) (34.5243)
Temperature 2.3656E-01 2.3912 54,2279 2.5834E-01 2.6076 54.3663
Humidity (9.8931E-02) (8.2513) (9.9073E-02) (8. 2780)
Index
Outpatient
Medical
Services
R2 7.6485E-03 7.9576E-03

a
The standard error of the regression coefficient is in parentheses.

b .
The standard deviation about the mean is in parentheses.

E-01, EO1, E OO, etc., indicate that the decimal place of the .number is to be
shifted to the left by one place; shifted to the right by one place; or not shifted at all, respectively,

“The mean for this variable is the same as its mean in Sub-Model 1. Only the means of the lagged variables changed per model.

961



197

One would expect that those suffering from circulatory-respiratory
illnesses to be more susceptible to temperature and humidity, and
hence consume more medical services.

Looking at the t statistics in Table 11, notice that T.H, I, is
most significant when lagged one day. T.H.I. was most significant

with respiratory diseases (Table 10) when lagged three days.

Summary

Respiratory Diseases. The following coefficients of the vari-

ables were significantly different from zero in Model (8. 1) ( at 20

.., ); air

percent or higher): sex (XZijk)' drinking habits (X101Jk

pollution (X ), except in Sub-Model 4; and meteorological condi-

13ijk

tions - T.H.I. (X ). The overall F tests for regression on all

14ijk
four models were statistically significant at the one percent level,

Circulatory-Respiratory Diseases. In Model (8. 1) the following

coefficients were statistically significant at 20 percent or higher:

age (X, ..'), significant only in Sub-Model 1 and with a negative sign;

lijk

P " . drinki -+ , .
physical fitness (XSijk and XC)ijk)’ rinking habits (XIOijk) occupa

tional exposure (X12ijk); meteorological conditions ‘T. H. 1. ’(X14ijk)'

The overall F tests for regression on all four models were

statistically significant at the five percent level,
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The Repgression Results: Statistical Model 8. 2

The main difference between Models (8, 1) and (8. 2) was that
(8. 2) expressed the dependent variable as the per capita costs of
outpatient medical visits per census tract. Model (8. 2) was
specified in an attempt to determine whether air pollution has an
effect on the number of contacts with the medical system, where
the cost per contact is more or less constant, If the hypothesis that
air pollution has no affect on the consumption of medical services per
contact was accepted, then it was felt the effects of air pollution on
the number of contacts with the system could be tested indirectly
with (8. 2), The main fault with (8. 2) was that only socioeconomic-
demographic characteristics of patients contacting the Kaiser system
were accounted for, The socioeconomic-demographic character-
istics of those who were at risk (at risk to contract a disease and
use the Kaiser facilities) in each census tract were not taken into
account within the independent variables. Only partial account was
taken of those at risk in the dgpendent variable, and only if there was
an outpatient medical contact from that census tract,

As a result of the S,I, P, S, regressions, only respiratory
diseases were specified within the dependent variable. Given a
severe budget constraint on the funds available for computer use,

Model (8. 2) was tested using only a one day lag, The regression
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results of these models may.be seen in Table 12, which also contaips
the means and standard deviations of the variables used in the model,

The following variables were statistically different from zero
at the 20 percent level, or higher, in statistical Model (8.2): sex

(XZicj); household income (X

5'icj)’ which had a positive relationship
with the dependent variable instead of the negative relationship
originally hypothesized; drinking habits ('}Emj); smoking (X Bic

and T,H.I. (3_( ). The overall F test for regression was barely

10icj
statistically significant at the five percent level,

The results from Model (8. 2) should be interpreted with
caution, primarily because it appears the dependent variable lacks
variability, One reason for this was that there were too few multiple
observations per census tract per day resulting in the consumption
of outpatient medical services. This is illustrated in Table 10,
which shows 1, 700 patients with respiratory illnesses who contacted
the Kaiser system and consumed outpatient medical services. Table
12. shows that even after aggregation over the census tracts for the
two year study period, there were still 1, 569 observations that
entered regression, This means that during the two year study
period only 131 observations came from the same census tract on
the same day. The other 1,569 observations were single observa-
tions per census tract, Hence, in most instances the independent

variables were individual patient characteristics and not aggregate



200

Table-12. - Regression results of statistical model 8. 2: respiratory diseases - one day lag.

: b
Variables Coefﬁcientsa t - Statistic Mean -Untransformed
Sample Size 1569
Constant -2.4077E-00*
Age 1,0900E-03 ' 0.4918 46,0153
: (2. 2164E-03) (16.0014)
Sex 9. 6563E-04 1, 6265 65. 6474
(5.9370E-04) (51.8897)
Marital Status -4, 7287E-04 0. 5303 84.4806
(8.9162E-04) (36. 1985)
Number of People 3.5658E-03 0,1721 3.3996
in Household (2. 0714E-02) (1.7804)
Household 6.9822E-06 1,7011 12112, 6119
Income (4.1046E-06) (7540, 2050)
Race-Non- 3.1119E-04 0. 2654 7.0746
white (1.1727E-03) (25. 6481)
Drinking 1,074 2E-03 1.3687 12.8749
(7.8481E-04) (39. 1389)
Smoking Index 1,7571E-04 1.4359 154.0181
(1.2237E-04) (250.5819)
Occupational 4, 0458E-03 0. 7070 3.4413
Exposure Index (5. 7227E-03) (5.4109)
Temperature 4.6304E-01 2.4621 53.0149
Humidity Index (1. 8806E-01) (8.0738)
Air Pollution 4,5315E-02 0.9968 61.7121
(4.5460E-02) (34.9227)
Per Capita Costs ' 1.6083
(2.4151)

2
R

1.1830E-02

a'I‘he standard error of the regression coefficient is in parentheses. E-01, E 01, E 00, etc.,
indicate that the decimal place of the number is to be shifted to the left by one place;

shifted to the right by one place; or not shifted at all, respectively.

b -
The standard deviation about the mean is in parentheses.
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data as originally specified. Having more observations per census
tract might have afforded more variability within census tracts,
Lack of sufficient number of observations per census tract prohibited
testing whether air pollution has an affect on the number of contacts
with the medical system.

As mentioned in Chapter II, even if Model (2. 5) had been
correctly specified, such that the null hypothesis Hc.)2 (deterioration
in air q‘uality does not precipitate an increase in the number of con-
tacts with the medical system per disease category) could have been
tested, there were not enough multiple observations per census
tract to get a meaningful test. That is, there would have been the
same problem there was with the dependent variable in (8. 2) - not
enough variation,

Another possibility for lack of variation in the dependent
variable, as -contributed by the outpatient medical costs per census
tract, would be the type of medical services being examined by
this study., This will be taken up again in the next chapter. Suffice
it to say that many outpatient contacts with the medical system may
be of a routine nature, which would not provide much of an oppor-
tunity for variation in the consumption of medical services per
contact, If this is true, it may be that any variation in the dependent

variable of (8, 2) is contributed by the denominator, which is the
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number of people living in the census tract from which a medical

contact was made,



203

IX.“ SUMMARY, CONCLUSIONS, RECOMMENDATIONS

Summary

The main supposition of this research was that air pollution
can aggravate a state of health resulting in increased consumption of
outpatient medical services, and the number of contacts with the
medical system, for certain respiratory, cardiovascular, and other
diseases aggravated by air pollution. The main objective of this
study was to quantify such effects, if any, and express them in
monetary terms,

The study examines the effect of day to day changes in air
quality on the consumption of outpatient medical services. It was
felt that, in order to isolate the effect of air pollution on health,
account must be taken of other variables within the explanatory
models which could influence the consumption of medical services.
These included socioeconomic-demographic and meteorological
variables.

The study period was for 1969 and 1970. The study area was
the Portland, Oregon-Vancouver, Washington area. Kaiser Health
Services Research Center, associated with Kaiser Foundation Health
Plan in Portland, Oregon (a group prepaid medical plan with 150,000

members), provided the outpatient medical and socioeconomic-
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demographic data, The outpatient medical records were obtained
from a. five percent, ongoing, random sample of the total Kaiser
‘membership. The socioeconomic-demographic data came from a
questionnaire administered by Kaiser to the sample members during
1970 and 1971.

The air quality datal, used in this study came from the following
‘Oregon and Washington air pollution control authorities: Columbia-~
Willamette Air Pollution Authority, Department of Environmental
Qualtiy, and the Southwest Air Pollution Control Authority., The
measure of air quality used in this study was suspended particulate
matter, 'The meteorological data were provided by the National
Weather Service,

It is argued that in the consumption of medical services for
cardiovascular-respiratory problems, the price of medical services
and the patient's income may be discounted as variables affecting
the demand for medical care, regardless of the medical care source,
The argument is supported by empirical evidence, The basis of
support for the argument, for purposes of this study, are as follows:
the nature of the diseases being examined (without medical treatment
certain cardiovascular-respiratory diseases will terminate in death);
a minimum amount of medical services required to maintain the
patient's health state who is suffering from the diseases; with

respect to price, the inability of the patient to effectively evaluate
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alternative medical procedures at different prices, Hence, it is
concluded, the use of a prepaid system such as Kaiser's can be used
to estimate the medical costs of certain diseases associated with
air pollution, and the estimates derived will be respresentative of
other medical systems.

All the medical services used to treat a single disease incident
per clinic visit, or other contact with the medical system, were
expressed in California Relative Value (C.R. V,) units, The units
reflected the best approximation of the amount of physician output
actually provided in rendering medical services to the patient., The
units can be converted to dollar value and still have an accurate
approximation of the quantity of medical services consumed.

A list was formulated of over 500 diseases and symptoms
thought to be associated with air pollution. The list was divided
into eight main disease categories. The respiratory and circulatory
disease categories were used to pretest two statistical models
formulated for this study. A ten percent, systematic, sample was
drawn from the medical records to test the models. The purpose of
the pretesting was to gain insight into the transformations required
on the different variables, and to minimize computer expense. As
a result of the pretests the regression models were respecified, and
were labeled statistical Models (8, 1) and (8. 2).

The consumption of outpatient medical services for respiratory
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and circulatory-respiratory diseases were specified separately
within the dependent variable of Model (8.1). The air pollution and
meteorological variables were lagged up to three days to reflect
the fact there may be a time sequence in casuality between exposure
to air pollution and meteorological phenomena, and the onset of an
illness. A separate regression model evolved for each lagged day in

"(8.1) and (8. 2). These were labeled sub-models, where Sub-Model
1 represented the unlagged day, etc.,up through Sub-Model 4 which
represented a three day lag, The regression results for each sub-
model may be seen in Tables 10 and 11 in Chapter VIII. The statisti-
cal results are summarized as .follows.

Respiratory Diseases. Except where noted, in all four sub-

models the following coefficients were significantly different from
zero at the 20 percent level, or higher: sex (XZ'jk)’ negatively
i

related to the dependent variable; drinking habits (X ), positively

10ijk

related to the dependent variable; air pollution (X ), the coeffici-

13ijk
entswere positively relatedtothedependent variable in all medels, but
was not statistically significant in Sub-Model 4; and meteorological

conditions (X ), positively related to the dependent variable,

14ij
The coefficients of multiple determination (RZ) for Sub-Models
-1-4 were 0.022, 0.024, 0.022, and 0,022, respectively. The overall

F tests for regression on the four models were statistically signi-

ficant at the one percent level,
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Circulatory-Respiratory Diseases. The following coefficients

were statistically significant at the 20 percent level or higher, in all

models, except where noted: age (X ), significant only in Sub-

lijk
Model 1 and with a negative instead of the expected positive sign;

physical fitness (X and X

8ijk 9ijk)’ negatively related to the dependent

‘variable; drinking habits (X ), positively related to the dependent

10ij

variable; occupational exposure index ( ), positively related to

X 2ijk

the dependent variable; meteorological conditions ( ), positively

X14ijk
related to the dependent variable.

The Rz's for each of the Sub-Models 1-4 were 0, 0080, 0.0083,
0. 0076, and 0. 0080, respectively. The overall F tests for regression
on the four models v.vere statis@tically significant at the five percent
level.

Air pollution may increase the number of contacts with the
medical system without necessarily increasing the amount of medical
services consumed per office visit. Model (8, 2) was specified to
take account of this fact., As a result of the preliminary tests, Model
(8. 2) was tested only with respiratory diseases and for a lag of one
day. The regression results may be seen in Table 12. The following
variables were significantly different from zero at 20 percent, or
higher: sex (-}_(Zicj) positively felated to the dependent variable;

household income (}? cj) positively related to the dependent variable

51
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)
]

instead of the expected negative relationship; drinking habits (3.{71':

'))
]

related positively to the dependent variable; smoking index (S.(Sic

this coefficient is positively related to the dependent variable;

meteorological conditions 6<10'1cj)’ positively related to the dependent
variable. The overall F test for regression was barely statistically
significant at the five percent level.

The results of (8. 2) should be interpreted with caution, primar-
ily because the dependent variable appeared to be limited in the
amount of variation which it can exhibit., The reasons for this were
thought to be as follows: One, few multiple observations per census
tract per day resulted in the consumption of outpatient medical
services, Two, the possibility of a limited amount of medical ser-
vices being performed per contact with the medical system. Both
possibilities tend to limit the amount of variation in the dependent

variable to its denominator; that is, to changes in the number of

people living in the different census tracts,

Limitations of the Study and the Conclusions Derived

The above study infers that air pollution does have some effect
on the consumption of outpatient medical services used to treat
respiratory illnesses. The results would indicate that thg procedures
outlined in this study appear to hold some promise in quantifying

such effects. However, it is quite evident that the results presented
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here are only a beginning, and much work needs to be done. This
section is a discussion of some of the things that appeared to be
wrong with the procedures used in the study, -Some suggestions
are made as to how they might be corrected,

The coefficient of multiple determination TRZ) measures the
total variation about the mean of the dependent variable which is
explained by regression (17, p. 26). The higher the value of the RZ.,
the better the fitted equation explains the variation in the data (17,

p. 117). The Rz's for eachofthe regression models in this study
are extremely low. . This means that the statistical models are
explaining very little of the variation in dependent variables. This
. could imply two things: (1) The models are inadequate and should
be respecified, (2) To beg.in with, there is too little variation in
the dependent variable, and the .-models are not that inadequate.

The theoretical framework and the statistical models derived
from it were a simple description of a complex phenomenon, The
consumption of medical services, or contacts with the medical
system, are difficult to explain, The consumption of medical ser-
vices is not only dependent on happenings in the present time period,
but also on occurrences which may have been in the patient's past,
Medical care consumption can also be influenced by hered'itary
factors, Specifying a model to explain current consumption of medi-

cal services by observing:changes, as between individuals, or
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socioeconomic-demographic, meteorological, and air pollution
conditions is a start, but leaves much to be desired. It is apparent
that the variables within the models can be respecified in many
different ways. It is also quite evident that numerous other models
-could be specified and tested with the data available,

Another question which must be raised is whether the statistical
models have been adequately tested by the data available; i.e., are
outpatient medical cbsts really the best way to determine the medical
costs of air pollution? One can argue that there are a limited amount
of medical services that can be consumed on an outpatient visit.

Many such visits are routine, and, while air pollution may affect the
number of visits, it does not dramatically affect the cost per visit,
The results of this study would tend to confirrﬁ this,  This is why

the effect of air pollution on the number of contacts with the medical
system.is so important. One of the biggest shortcomings of the data
base was that there were not enough contacts with the medical system
per census tract to test whether air pollution does indeed affect it,

A hint as to whether many of the outpatient visits were routine
can be obtained by examining the actual observations on the
dependent variable, -Tlhis ‘'was accomplished by listing the Yijk’
Model (8. 1), for the ten percent sample. While there was the
opportunity, as per the California Relative Value (C.R.V,) tape

obtained from Kaiser Research, for a variety of dollar combinations
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to be listed, many of the same d_ollar-values repeated themselves
consistently, This would limit the variability of the dependent
variable., The repetitiveness of many of the dollar values would
indicate two things. One, many of the dutpatient contacts are indeed
routine, Two, .the coding technicians at Kaiser Research are not
coding many of the procedures which would most adequately reflect
the medical services consumed per contact. There is no way of
checking either contention without listing the procedure numbers per
contact, and comparing what is listed for each procedure number
with what is listed on the outpatient medical chart,

One cannot finish this section without discussing the adequacy
of the C.R. V., in reflecting the output of medical services, parti-
cularly as it refers to outpatient medical services. There are a
variety of different medical services that can be provided within a
given office call, To adequately reflect the multitude of services,
the C.R. V. (Kaiser Adapted), while detailed, would have to be
infinitely more so than they now are. Each office procedure and
‘medical service would have to be studied in detail, and weights
attached based on physician output of medical services, This would
require a detailed man-power study, Kaiser Research personnel
were thinking of undertaking such a study, which might help in more
detail coding of outpatient medical services.

Many issues have been raised here, which cannot be answered
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without detailed, further study of many months, However, this

does not preclude some. general conclusions being reached about

this research, The regression results of Model (8. 1) - respiratory
disease category - showed that many of the variables expected to
have an effect on the .consumption of medical services did so, and
with the expected relationships to the dependent variable, The same
happened with the .circulatory-respiratory regression of Model (8. 1),
even though air pollution was not statistically significant, The
results did indicate that, while air pollution does not have a dramatic
effect on increasing the consumption of outpatient medical services,
it does have some effect., Given the nature of outpatient medical
services, as discussed above, this need not be unexpected,

While there was limited variation in the dependent variable,
which caused the results from Model (8. 2) to be regarded with
suspicion, toé many things came out as expected with (8. 1) to consider
the results of this study to be spurious. It is felt that this study
represents a good beginning in a field where nothing existed before,
And that the results show promise, given the limitations previously
detailed. It would appear that further study of this issue would be
fruitful, It is in this wvein that attention is now turned to recommenda-

tions for future research.
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Recommendations for Future Research

The following recommendations are made with respect to

future research,

(1)

(2)

(3)

Attempts should be made to investigate the questions raised

in the last section before any further research using the Kaiser
data base is undertaken,

Assuming satisfactory answers to these questions, it is recom-
mended that the effect of air pollution on the number of con-
tacts with the Kaiser system be determined., This in essence
means that more data beyond that contained in the five percent

sample will have to be collected, such as from the entire

‘Kaiser membership, The first problem to overcome in doing

this would be obtaining the necessary outpatient medical data,

- The second problem to overcome would be obtaining the

addresses for the patients in order that air pollution and
meteorological values.can be assigned to them, All the
addresses of the entire Kaiser membership are supposedly
going to be run through the Geographic Base File of Admatch.
If this is true, the second problem will be solved, and coordi-
nates will be available for the entire Kaiser population,

It is recommended that the models hypothesized for this study

be retested by respecifying some of the independent variables
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which we‘re not statistically significant.

The air pollution data for the City of Portland is only adequate
from the beginning of 1969. It is recommended that additional
air pollution data, and outpatient medical data from the fivé
percent sample, be .coilected for the years after 1970, This
data should be used to retest the models postulated for this
study, or other models which might be postulated as a result
of (3) above or the insights of other researchers,

It is recommended that steps be taken to correct the inpatient
medical tape, Kaiser Research Center is currently in the
process of correcting many of the errors associated with the
tape. The biggest problems for future researchers to over-
come are assigning costs to the different medical procedures,
and reconciling the differences in the International Classifica-
tion of Diseases, Adapted (I,C.D,A,) resulting from using
two different editions of the code, The inpatient tape offers
an excellent opportunity to study the effects of air pollution

on the consumption of inpatient medical services., There
should be more variety in the types of inpatient services con-
sumed, and hence more variability in the dependent variable,
The socioeconomic-demographic data are available on the

magnetic tape with each inpatient record. These data are

current at the time of inpatient admission to the hospital.
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It is suggested that any. future study on outpatient-inpatient

‘medical costs take account of drugs. Not to do so leaves out

a very important medical cost. Kaiser Research has started

coding the consumption of drugs at the clinic for the five

percent sample beginning January 1971. It is not known if

prescription drugs are also being coded. Consumption of
drugs while in the hospital are not currently being coded.
However, a sampling framework could be developed in which

selected inpatient medical charts are examined, and the drugs

consumed recorded by I, C,D, A, classifications. The results

from the sample could then be inferred to the population('.‘
The same procedure could be used with the outpatient medical
records, The prescriptions are usually recorded on the out-

patient medical chart,
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S.1.P. S. regression results of statistical model 8. 1: respiratory diseases -

unlagged.
. - a . b
Variables Coefficients t Statistic - Untransformed
Sample Size 153
Constant -1.8736E 00 0.9738
(1.9241E 00)
Age -6.7890E-05 0.0114 45.5294
(5.9527E-03) (16.0538)
Sex 1.1035E-01 0.7659 0.7386
(1.4408E-01) (0.5823)
Marital Status 2.8038E-01 1.2737 0.8039
(2. 2013E-01) (0.3983)
Number of. People 2.4386E-02 0.4796 3,5033
in Household (5. 0846E-02) (1.9639)
Household Income -7.7191E-06 0.7615 12178.1046
(1.0137E~05) (7869.8121)
Race-Negro -2,4771E-01 0. 7275 0.0523
(3.4051E-01) (0. 2233)
Race-Other 4.6733E-01 0. 6983 0.0131
Non-white (6. 6923E-01) (0.1140)
Physically Fit -1.9884E-01 0. 8097 0.1307
(2.4558E-01) (0. 3382)
Somewhat -4,8518E-02 0. 2900 0.5556
Physically Fit (1. 6731E-01) (0. 4985)
Drinking -4.8631E-04 0. 2300 13,5157
(2. 1145E-03) (38. 2885)
Smoking Index 4.5499E-04 1.1181 118.9319
(4.0694E-04) (198. 2665)
Occupational 7.7237E-03 0. 5570 4.3030
Exposure Index (1.3866E-02) (5.9661)
Air Pollution 2.7269E-01 2,2427 60. 2792
(1.2159E-01) (32.0161)
Temperature 7.0107E-01 1.5511 52.7171
Humidity Index (4.5198E-01) (8.5303)
Outpatient 13.8386
Medical Services (11. 2557)
R 0.1156

The standard error of the regression coefficient is in parentheses. E-01, E 01, E 00, etc.,
indicate that the decimal place of the number is to be shifted to the left by one place; shifted
to the right by one place; or not shifted at all, respectively,
The standard deviation about the mean is in parentheses.
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Appendix Table 2. S.I.P, S. regression results of statistical model 8. 1: circulatory-respiratory

diseases - unlagged:.

b

Variables Coefficientsa t Statistic: » Mean -~ Untransformed
Sample Size 333
Constant -5.9326E-01 0.4902

(1. 2102E 00)
Age 9. 6186E-04 0.2432 54.4925

(3.9557E-03) (16.0471)
Sex 2. 3956E-01 2.8557 0. 6667

(8.3891E-02) (0. 5860)
Marital Status 2. 2654E-01 1,7713 0.8018

(1. 2790E-01) (0.3992)
Number of People 3.5947E-02 0.9410 2.9399
in Household (3. 8202E-02) (1.7552)
Household Income -9, 1927E-06 1.3929 10704.9550

(6. 5999E-06) (7900, 4679)
Race~Negro -2,1188E-01 0.7911 0.0300

(2. 6783E-01) (0. 1709)
Race-Other -5.1321E-03 ©0,0155 0.0210
Non-white (3.3190E-01) (0. 1437)
Physically Fit -3,1567E-02; 0. 2346 0.1772

(1.3458E-01) (0.3824)
Somewhat 3.4825E-02 0.3330 0.4955
Physically Fit (1.0458E-01) (0.5007)
Drinking -6,9087E-04 0. 6729 12.3330

(1.0267E-03) (46.1372)
Smoking Index 3. 5109E-04 1.6421 136.7889

(2.1380 E-04) (224.4347)
Occupational 1,4590E-02 1,5095 3.1037
Exposure Index (9. 6653E-03 (5.2676)
Air Pollution 2. 1064E-01 2.8396 59.8635

(7.4181E-02) (31.8933)
Temperature 3.9523E-01 1.3610 54.1314
Humidity Index (2.9039E-01) (8. 2008)
Outpatient 13,6919
Medical Services (11.4311)
R2 0,0864

*The standard error of the regression coefficient is in parentheses. E-01, E 01, E 00, etc.,
indicate that the decimal place of the number is to be shifted to the left by one place; shifted

to the right by one place; or not shifted at all.

bThe standard deviation about the mean is in parentheses.
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S.L.P.S. regression results of statistical model 8. 2: respiratory discases -

lagged one day.

b
Mean - Untransformed

Variables Coefficients t Statistic
Sample Size 166
Constant -2, 2162E 00 0.8446
" (2. 6239E 00)
Age -1.1754E-02 1.6309 44,9036
(7. 2070E-03) (16.1028)
Sex -2.2007E-04 0.1112 68.0723
(1.9796E-03) (52. 8453)
Marital Status 7.2529E-04 0. 2579 80. 1205
(2.8123E-03) (40.0301)
Number of People -1,0366E-~01 1.4000 3.3373
in Household (7.4044E-02) (1.6933)
Household Income -2,8430E-06 0. 2011 11974, 3976
(1.4136E-05) (7154, 9744)
Race-Non-white 9.3073E-04 0. 2309 6.6265
(4.0313E-03) (24.9497)
Drinking 3.1881E-04 0.1068 11.9235
(2.9840E-03) (35.8459)
Smoking Index -2.1284E-04 0.5369 156.8643
(3.9639E-04) (260.8312)
Occupational 2. 0080E-02 1,1286 3.8560
Exposure Index (1.7792E-02) (5.9076)
Air Pollution 2,0219E-01 1.4121 62.1369
(1.4319E-01) (34.5265)
Temperature 5.1959E-01 0.8170 52.8506
Humidity Index (6.3601E-01) (7.8279)
Per Capita Costs 1.7724
(3.3421)
R2 0, 0603

®The standard error of the regression coefficient is in parentheses. E-01, E 01, E 00, etc.,
indicate that the decimal place of the number is to be shifted to the left by one place; shifted
to the right by one.place; or not shifted at all, respectively.

The standard deviation about the mean is in parentheses.



