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Chapter I

Introduction and Summary

1. Introduction

A topic of continued public concern is:the national level and
distribution among areas and individuals of the availability of hospital

services. The New York Times in 1971 contained articles stressing the

cost in terms of delayed treatment and death of.insufficient hospitai

beds.l During the same year, the Times carried articles indicating

. 1See, for example, New York Times, January fl, 1971, p. 29, column 1;
and September 12, 1971, section IV, p. 9, column 5.

-

the cost to society of unused hospital beds.2

2For example, the Times reported Elliot Richardson, then Secretary
of Health, Education and Welfare, as citing "an estimate of $3.6 billion
as last year's cost of maintaining unused beds all over the country."
(New York Times, August 26, 1971, p. 36). Richardson's (unexplained)
figure of $3.6 billion may be contrasted with the $4 billion in federal
money spent for hospital construction under the H{1ll-Burton program
sipce its inception 25 years ago. (New York Times, November 23, 1972,
P21, column 1.)

fable I-1 presents data for the éount:y as a whole on hospital
utilization during the post World War II period for short-term non-federal
hospitals; The bed rate( the number of beds per thousand population}
Increased nearly 25 percent. The admission rate (admissions per thousand

population) increased néarly 50 percent. The average bed occupancy rate




" Table I-1

Utilization of Short Term General and
Specielty non-Federal Hospitals, 1946-1970

Occupancy - Length of
Bed Adnmissicn Rate Stay
Year : gggga ___jggfgl_‘ (Percent) (Days)
1946 Cah 966 . 121 9.11
1950 3.3 109.9 737 8.15 .
1955 3.5 1.6 7.7 7.78
1960 3.6 127.1 746 7.60
1965 3.8 136.2 6.0 7.1
1967 40 135.8 N 7.7 8.28
1968 4.0 1135.9 78.2 - 8.5
1969 41 139.4 s 'fts.al
1970 _ 4.1 - 142.8 78.1 8.26

Sources:: 1940 to 1960: Historical Statistics of the United States
From Colonial Times to the Present, U.S. Bureau of the Census, 1965,
Series A-1, B-198, 208, 251, 252.

1965 to 1970: Statistical Abstract of the United States,
1972, U.S. Bureau of the Census, 1972, Table Nos. 2, 104, 107.

8Bed Rate = Beds per thousand population

bAdmissionh Rate = Admissions per thousand population
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(the proportion of days in the year the avefagé bed is occupied)

increased during most of the period, but has recently been on the décline.1

lSee, for example, Harry T. Paxton, "Whatever Happened to the

Hospital Bed Shortage?’" Medical Economics, February 28, 1973, p. 33.

These changes are imﬁortant because hospitals do perform -useful services,

but at a considerable cost -~ a cost which has been growing rapidly.2

2The American Hospital Association reported that the daily cost

"of caring for patients in short-term general hospitals averaged $81

in 1970, $92 in 1971 and $105 in 1972. The cost has almost doubled
from 1966 to 1972. (New York Times, July 31, 1972, p. 30, column 4,
and January 15, 1973, p. 23, column 5. )

“Although occupancy rates are declining nationally, regicnal mal-"

distributions and political pressures still induce hospital bed

construction.3

3The Government Accounting Office reported the "overbuilding"
of hospital facilities in six cities (New. York Times, December 18, 1972
p. 78, column 1). Congress still passes legislation to promote .
hospital bed construction (New York Times, September 21, 1972, p. 36,
column 1). '

The purpose of this study is to present a. model (Chapter 11)
for analyzing the utilization of short-temm general hospitals -- in
particular, occupancy rates, admission rates, bed rates and length

of stay.




This model is then applied (Chapter III) to a'cfoss-section analysis
.of regienal differences in hospital utilization. The objective is
'eo develop structural equatione and hypotheses as to why the_measures
of hospital utilization vary across communities, aﬁé to estimate these
equations and test these hypotheses. There is, however, an identity
relationship between average length of stay (LS), 2nd the occupancy

rate (OR), admission rate (Adms*) and bed rate (Beds¥):

(Adus ) (@)
(365)3eds* *

' variable for the purpose of this study.

OR Length of stay is the “redundant"

2. Framework

The number of hospital admissions demanded in a year in a
community is viewed as a declining function of the cost of such care. T,

‘‘‘‘‘‘‘

- This relatiog)howeve;)need not be the same for all communities. Feri
example, the number 6f edmissione demanded ma& be greater, the larger
the number of surgeons aﬁd the more importanﬁ is health ineurance in
the‘cemmunity. In a&dition, mo£eistrict rationing of edmiseions.
(and hence a smallef number of admissions) may occur when hospitals
are very crowded.

The analysis of the supply of hospital admissions is based on
both a short run and a long run model of hospital bed availability.

In the short run the bed rate (the number of beds per thousand .

population) is assumed to be fixed and determined by factors outside




the model under investigatioﬁ. If we assume a fixed bed rate (Beds¥*)
and a constant length of stay (LS), the largest possible admissicn

- ‘ . *

" rate would be found by: Adms* = (Beds i§365) .

represented by the point at which the demand curve for admissions

In Figure I this is

intersects the supply curve of admissions and the number of admissions
is qo.

However, this is an unrealistic view of the supply side of the
short run model. The demand for hospital beds is not a constant
daily quantity but rather a fluctuating one. It is higher on some days

than on others.1 In the case of hospital care, the output cannot

1This is true of all markets, and output or productive capacity
tends to be "stored" by suppliers or demanders depending on the exteat
of fixed costs and relative storage costs.

L]
>

"generally be stored by the Eonsumer.2 This means that if on a given

——

Preventive medicine may be viewed =~ - . as a means of "storing"
health services. : '

day there is a gréater demand>for hospital beds than can be satisfied

by ﬁhe available supply and if non-price rationing ié‘used, some con-
sumers will have to delay (or forego)lthe satisfaction of their demand

for hospital services even though they were willing to pay the current
market price. Delayed satisfaction of demand for hospital care is

not without cost, as anyone who has ever been in pain or discomfort or has

ever faced death is well aware. Thus, a community would want to have
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FIGURE I

Short~Run Supply And Demand
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what appears -to be excess capacity in hospital beds on the average
day of the year, so that it could provide some additional in—hospifal

bed care during periods of high demand.1

1This assumes that "at capacity' the marginal cost of admissions
rises steeply. I1f the marginal cost of providing additional beds
and ancillary services did not rise with the quantity supplied in the
short run, there would be no economic demand for an 'excess supply"
on the average day. '

A useful measure of "excess capacity" in a community is its

average occupancy rate in a year., The average occupancy rate is
measured by the ratio of the number of patient days (admissions multi-

plied by average length of stay in days) to the number  of available

bed days (the number of beds multiplied by 365 days) -- .
.. (Admissions) (Length of Stay) : L ;
OR (Beds) (365) . If, for example, the average

length of stay is five days, a community with 100 beds and an average

bed occupancy rate of 90 percent accommodatet 6,570 admissionms.

(. = OR(Beds)365 _ (0.90) (100) (365)
14 LS 5

pefcent occupancy rate it could accommodate this number of admissions with

6,570 admissions.) At a 100

90 beds, but mofe patients wduld have to be granted a delayed admission.
A délayed (or denied) admission of a serious case is costly. Mére

excess capacity on the average reduces the likelihood of the demand for
beds e#ceeding the numbér of beds. However, constructing and maintaining
excesé capacity are cbstly. Thus, there is s;me desired average occu-
pancy rate that is less than 100 perceﬂt. This is represented in

Figure I by a number of admissions equal to 45 which is less than LI




Hospital administrators have control over the occupency rate

through.their control of admissions_and’length of stay. 'if a lower
occupancy rate is desired, they can be more selective in the cases

that are admitted and thus decrease the admission réte and/of the average
length of stay. The variables that are hypothesized Lo enter into the
process of Selectiﬁg the community's desired occupancy rate, given a

~ fixed supply of beds, form the framework for the analysis of the occu-
pancy fate equation. '

" In summary, the short run includes a fixed supply of

beds, a hospital admission rate equation and an occupancy rate equation.
Both equations are needed to determine the number of admissions
and the occupancy}rate in a community: a high admission rate causes

a high occupancy rate, but a high occupancy rate causes a low admission

rate. _ v‘ - - . _ i
In the long rum, hdwe&er, the bed rateb(Beds per thousand popﬁlation)

is not exogenous to the model. For example, if the demand for admissions.

is high relative to the number 6fjbeds, the occupancy rate is high.

Some patients for wﬁom the cost of a delayed admission ié high do

in fact experience a delayed admission in their community and must

either postpone éhe hospital admissien or éeek such care elsewhere.

The implicit value of an additional admission is now high. If com-

munities respond to this high marginal value of admissions, the

numbér of beds will be increased in the long run (see Figure II).l

lThe supply response may come from the public sector,
voluntary hospitals or proprietary hospitals.
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Our long run analysis . ., relies on a two equation model: the admission

" rate is a function of the bed rate, and the bed rate is a function of’

the admission rate,

This study, therefore, focuses on three inter-related dependent
variables: the admission rate, the occupancy rate and the bed rate.

Chapter II presents the development of the three equations) one for

J

estimation and interpretation of these equations.

‘each dependent variable. - and Chapter III presents the empirical

The Standard Metropolitan Statistical Area serves as the unit

of observation in the empirical analysis.l SMSAs were selected for

l"A standard metropolitan statistical area is a county or group

of contiguous counties which contains at least one city of 50,000
jnhabitants or more, cr two contiguous cities with a combined population
of at least 50,000. In New England, however, SMSA's consist of towns
and cities rather than counties. Since town and city information is

.not available, the SMSA's in New England hzve been replaced by metro-

politan State economic areas, which are defined in.terms of whole
counties."” (Hospitals: County and Metropolitan Area Data Book,
National Center for Health Statistics, Department of Healtn, uducation
and Welfare, 1970.) For simplicity of exposition, non-New England
SMSA's and New England metropolitan State eccnomic areas are referred
to as SMSAs. :

three reasons.2 First, SMSA borders are designed to represent population

2To the author's knowledge, this is the first study of hospital

utilization to use SMSAs as the .unit of observation.

Other studies for the United States have used individuals (microdata),
hospitals in a particular geographic area, or states as the unit of
observation.

centers and are clearly better suited for this purpose than‘éity,

county or state boundaries. It seems reasonable that this is also true




for health regions. Potential patients, doctors and hospital administra-
tors are presumably concerned more with 'reasonable commutation dis-

tances" than with city or county boundaries.1 While SMSAs may not

1For example, Santa Monica, Culver City and San Fernando are three
cities in Los Angeles county surrounded by Los Angeles city. Yet
these separate cities do not appear to constitute separate health com-
munities as there is considerable mobility across city boundaries.
At the other extreme are the five counties which comprise New York City.
The large proportion of residents who seek hospital services outside
of their own county suggests that the populace acts as if the city
reprecents a single medical center. States were not used as the unit

- of observation because for many states either there are two or more

hospital areas between which there is little mobility, or there is

commutation across state borders for the purchase of hospital care.

be ideal candidates for health regions, they are reasonably good

approximations. Second, the data needed for this study are generally available:\;

S

o+

on an SMSA bésis.2 Third, by using SMSAs we obtain a sufficiently

.zThe data for hospital utilization are from a 1967 survey of all
short term general hospitals in the country. (Hospitals: a County
and Metropolitan Area Data Bock, National Center for Health Statistics,
Department of Health, Education and Welfare, November 1970.) For a
discussion of these and the other variables, see Appendix A.

large sample; 192 observations.
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tances" than with city or county boundaries.l While SMSAs may not
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represents a single medical center. States were not used as the unit
of observation because for many states either there are two or more
hospital areas between which there is little mobility, or there is
commutation across state borders for the purchase of hospital care.

be ideal candidates for health regions, they are reasonably good

approximations. Second, the data needed for this study are generally available’“)

-

on an SMSA basis.2 Third, by using SMSAs we obtain a sufficiently

.2The data for hospital utilization are from a 1967 survey of all
short term general hospitals in the country. (Hospitals: a County
and Metropolitan Area Data Book, National Center for Health Statistics,
Department of Health, Education and Welfare, November 1970.) TFor a
discussion of these and the other variables, see Appendix A.

large sample; 192 observations.
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3. Summary of Findings

This Study analyzes SMSA differences in the utilization of short-
term general hospitals by explicitly examining three dependent (endogenous)

variables: the occupancy'raté, admission rate and bed rate,.

Our analysis of SMSA differences in'oécupancy rates is b#sed on
the randomnness of the démand for admissions. Since fhe-demaﬁd for admis-
. slons fiuctuétes, the populace and hospital Planners in'an SMSA are
.conc;rned with maintaining an a§erage occupancy r;te sufficiently less
than 100 percent so as to have an optimalrpfobability that someone
de§iring éh Admission will be turned away becausevthe hospitals are at
full capacity. It is esfimated that under 1967 utilization Jevels the
demand fof beds in an SMSA would exceed the sﬁpply of beds (on average)
in only one week out of 12.8 years. | ’

The empirical aﬂalysis strongly supports the predictions of the
randomness model for occupaﬁcy rgfgs. SMS%S% with hiéher admissipn
rates have higher occupancy rates. Mofe populous SkMSAsare better able
to take advantage of their smaller relative fluctuations in demand for
admissions, and maintain a higher occupancy'rate. When there are more
- hospitals for the same number of-b;ds (and hence the hospitéls are sﬁaller%
there is a lower occupancy rate. The larger number of hospitals reduces
the substitutability among hospital beds, because of a poorer "referral
system between hospitals than within hospitals;

" Higher occupancy rates could be obtained by reducing the barriers
between hospitals. These barriers include the limited number of hos-

pital affiliations had by most physicians, the required veteran status

for entry into federal hospitals, tﬁe provision of charity hospitaliza-
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tion_primarily by éublic hoépitais, and hospitals restricted to par-
ticular demographic (age, sex, etc.) groups.

Occupaﬁcy rates are‘higher in‘SMSA:s with colder winter climates
and a larger propértion of nonwhites in the p0pulacion. VThese effects
are presumably due to longer lengths of stay. ‘

The analysis of hospital admission rates. looks at variables which
_ have been hypothesized to effect the height of the demand for, or the
price of, a ﬁospitalization. When hospitals are mbré c;owded (high
occupancy'rateb_the admission rate is lower because hospital administra-
tors are more selective in the cases that are admitted in order to
reduce the probability of capacity-ﬁtilizaticnf‘ In addition, admission
ratesare higher,'ghe more ‘important is héspital ;nd surgical insurance
and the more numerous are surgeons in the SMSA's popplation.l The
7 relative number of hon-surgicgl physicians has no effect on the admis-
.‘sicn'réte. Admission rates are also higher; the lower_th; medﬁan family
incoﬁe (elasticity at mean = -0.78), the more numérous are nonwhites in
the population, and the colder tﬁé winter climate. The'effect of non-
whites on admissions may be due to the pdorer level of health of non-
whites.

Our third deééndent (endégenous) variable is the_bed rate, A 10
percent increase in the bed rate results in a 2 percent decrease in the
occupancy rate, a U percent increase in the average length of stay and

a quercent increase in the admission rate. This largely supports

1
It is not clear to what extent a larger relative number of surgeons
18 a cause or-a coasequence of a greater demand for hospitalization,

ATV
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Roemer's Law that an increase in beds results in these beds being filled
with little change in the océupancy rate. It is, however, noteworthy
that a 10 percent increase in admissioné increases the number of beds by
9 percent. Thus, the effect of admissions on beds is stronger than the
effect of beds on admissions.

| Our modei for the randomness of'démand for admissions suggests
several other variables as relevant for an analysis of the demand for

hospital beds.  Two of these variables, population size and the number

of hospitals, have no significant effect emﬁirically. Three other

variables, the proportion of beds in federal hospitals, the emergency

"death rate and medién family income, do have an effect.

Beds in federal hospitals are found to be imperfect substitutes for
beds in non-federal hogpitals presumably because of the required veteran
status in the former. The presence oé)sax a‘130 bed federzl hospital
in an SHSAvwith a million inhabitants decreasés the number of ron-federal
beds in the SMSA by approximately 40 beds.. The more iﬁpbrtant are
emergencies in an SMSA's case migf the greater is the expected cost of
a delayed admission because of'capacity utilization, and hence the -
greater is the SMSA's demand for beds. The positive effect of income
on the bed raFe (elasticity at the mean = +0.12) is consistent with
the hypothesis phat wealthier SbBAi}'bhy more excess capacity than
poorer SMS@:§ through the construction of more beds.

-There is an interesting relation between fhe relative number of
nonwhites in the population and hospital utilization. SMskss with

relatively more nonwhites have highér admission rates and a longer

average length of stay, but there is no compénsating difference in the
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bed rate. The result is greater hospital croning and a greater pro- hf
bability that a desired admission will be delayed (or denied) the 1arger
the relative number of nonwhites in the population
Our theoretical and'empirical analysas of hospital occupancy rates,
admission rates)bed.rates and length of stay indicate that these sta-
tistics vary across SMS&:s and that this variation can Be related sys-

tematically to the characteristics of the SMSA.

1However, the data used in this study do not permit an identifi-

cation of racial diffeiences in the delay of admission (Ca&e mix constant)
withln SMSAs., :

v




S

'CHAPTER II
The Theory
1. Introduction

This chapter presents the theoretical analysis by which we arrive at
the hypotheses and structural equations for the three dependent variables
examined in this study: the admission rate, the occupancy rate and the bed

rate. The equations should not be estimated by ordinary least squarés (single

equation) techniques. 1In our short run model, the occupancy rate is deter-

mined simultaneously with the admission rate since each affects the other. 'In
our long run model, the bed rate (beds per thousahd population) and the
admission rate areAmutualiy détermined.

Part (2) of.this chapter presents the developmznt of fhe hospital
occupancy rate equation. A model based on thg randoﬁneés of admissions suggests
that .the occupanc& rate in an SMSA is relatéd to the admission rate, popu-
lation size and number of hospitﬁ}s. This forms the baéis of the analysis of
occupancy rates, and ~ proxy variables are entered in some of the analysis
to control for SMSA differences in length of stay.'

The . admissions equation is develéped in part (3). The
demand for admissions is ASsumed to be greater)the lowgr the price of an
admission, or the easier-the non-price rationing by hospitals. Thus, hospital
and surgical insurance, the presence of physicians, the occupancy rate an&

the number of hospital beds are shown to enter the admissions equation. Other

variables, mainly to hold constant demographic differences across SMSAs, are

included.
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In Parﬁ (4) the bed rate (beds per thoﬁéand population) equation is *m}
presented.‘ The equation is deyeloped ﬁpder the.assumption thaf it £epresents
Iong run supply,‘ : The model for the randomness of admissions
suggests.that the admission rate, the demand for emergency care, the size of

the population and the number of hospitals are explanatory variables.

2. Hospital Occupancy Rates:l/'

1/The "~ occupancy rate of a region is the total number of patient days
in a period of time (e.g., a year) divided by the product of the average
number of beds and the number of days in the time period. Bed occupancy
rates can be greater than 1007 if some beds (e.g., temporary beds in

. passageways) are not counted in the bed census but ‘their occupants are

counted in the total number of patient days.

A. Introduction:

The average occupancy rate in shorF term general hospitals in an {Q)
area is"neither constant nor purely random. -It may be | |
determined by the economic and institutioqal characterigtic%sof the community.
The purpose of this section is td;develop a structure wﬁich will be'uéed fo
obtain hypotheses concerning régional differences in occupancy rates.
The maintenance of a hospital bed and‘its auxiliary equipment and
personnel is coégly. A bed is productive when it is occupied. ThlS does

not mean, however, that average occupancy rates of less than 100

. percent represent wasted resources. If there were a known constant number

of beds demanded‘each day for each hospital, ° occupancy rates-less than

100 percent would indeed represent wasted resources. However, since there are
fluctuating demands for hospital sérvices, the presence of "excess
capacity" on the average day is efficient. That is, up to a point, vacant

i
)

beds are a productive resource. The extent to which - occupancdy rates do
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in fact respond to fluctuations in admissions is a major aspect of our

analysis of occupancy rates;l

1Other studies have used the randomness of admissions as a basis
for analyzing hospital occupancy rates. See, for example, Hyman Joseph
and Sherman Folland, "Uncertainty and Hospital Costs,” Southern Economic
Journal, October 1972, pp. 367-73; William Shonick, "A Stochastic
Model for Cccupancy Related Random Variables in General-Acute Hospitals,"
Journal of the American Statistical Association, December 1970, pp. 1474-1500;
M. Long and P. Feldstein, "Economics of Hospital Systems: Peak
Loads and Regional Coordination," American Economic Review, May 1967,
pP. 119-129, and references therein. This study differs from the others
in terms of (1) the specification of the randormess model (including
the effects of population size and number of hospitals), (2) treating
‘the admissions variable as endogenous rather than exogenous, and (3)
the application of the model to regional differences in hospital utiliza-

tion rather than to hospital differences within an area.

B. Fluctuating Demands

The rate of admission (p) is the number of admissions in a time
ﬁeriod, N, divided by the size of the population (pop). That is, p*= N/pop.
Efither an individual is a ﬁospital admissioﬁ or'he‘is nop.'_Using the
binomial theorem; the variance across timé periods in tﬁe nﬁ;ber of hospital
admiséions is Var (N) = (pop) p(l;p). | |

| The number of patient days (fD) of hospital carerin a time period is
the sum-across patients of all of the lengthéiof stay (LS) within that time

period.gJ’ It-can be thought of as the average length of stay (EE) multiplied

;L/If we know the number of hospital beds (B), the number of admissions in a

time period (N), the length of the time period (D) and the occupancy rate (OR),
by a simple identity we know the average length of stay. [LS = (OR) (D) (B).]

In this study length of stay is viewed as the redundant variable, andNthe
analysis focuses on the occupancy rate,the bed rate and the admission rate.
For simplicity of presentation of the randomness model, the average length
of stay is assumed constant across time periods.
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"by the number of admissions (M). Ififg does not vary across time periods,
‘the variance in patient days can be written as.

(II-1)  Var(®) = @5)° (pop) (») (1-p).
The expeéted number of patient days is

(1I-2) E(PD) = E(LS N) = LS (pop) (p)-

The coefficient of variation in patient days 1is

_ SD(PD) _ 1s \/pop(p)(l -p) (1-p) ![ 1 1
(a1-3)  CVED) = Tgippy = LS pop p \/pc’p V' (pop) (p ) )

'The relative variation in patient days in a time ﬁeriod is smaller, the

i

xo
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larger the size of the population, and the greater the4rate of admission.l/

1/

='8imilar conclusions emerge if length of stay (LS) is not considered
constant over time. Let us assume that across time periods (1) the
average length of stay and the number of admissions are independent.

(a) Var (PD) = Var (IS, - N) = @5)% var (N) + N° VAR (IS) + Var (LS) Var (N),

if 'LSi is independent of Ni 7 Then, since

(pop) p(l-p) and N = (pop) p.

(b) Var (Ni)

(c) Var (D) = pop {2 Var (18) + (@S)?] p - [@)* + var (8) 19" 3.

. —_—2 —_— 2 2
_SD(Pp) _ \pop {[2 Var (1S) + (18)" ] p=[(1S)” + Var (IS)] »
(@) CcvD) = E (PD) ~ \/ , 1S - pop - p }

and

(e) CV(PD) =L/?5%;; [(%) (ZCV(LS)2 + 1) -.(CV(LS)? +1)] .

CV(PD) is negatively related to population size and the rate of admission,
and positively related to the coefficient of variation of length of

stay across time periods. These relationships would hold even if

Jength of stay were not statistically independent of the admission rate,
although the eguation would te far wore complicated. See Leo Goodman,

"On the Exact Variance of a Product,” Journal of the American Statis-
tical Associlation, December 1960, pp. 708-713. .

———

Let us assume that the mean and standard deviation of the number of
patient days that will be demanded in a time period in a community
were known. If Ehe demand for an admission by one individual were
independent of that of others, the demand for.patient days would be

normally distributed.2 Then, if the community wishes to have

sznnual rates of admission are about 15 parcent. Assuming independence

of individual admissions, the distribution of admissions for, say,

a week approximates the Poisson Distribution for a small sample (e.g., a
household or .a small work group), but approximates a normal distribution for
a large sample (e.g., a large factory, census tract or SMSA). For a
binomial distzibution, if the proportion of successes [in this case

the admission rate (p) multiplied by the sample size (pop)] exceeds 10,
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the number of successes (admissions) approximates a normal rather than a
Poisson distribution. For a population of 100,000 and a weekly admission

rate of .15/52, =
admissions (100,600) . (L%%): 300 and

the normal distribution is a close approximation to the binomial distribution.

beds to satisfy demands for admissions for, say, 97.5 percent of the time,
the number of beds should exceed the mean number of-patient days by approx-

. - S . . 2
imately twice the standard deviation of patient days.=

‘E/This assumes perfect pooling of beds among the hospitals in the community.
The effects of a lack of perfect pooling among hospitals in an area and the
time lag in filling a vacant bed are discussed below. For the normal dis-

. tribution only 2.5 percent of the observations are more than 1.96 ¥ 2.00
standard deviations above the mean.

Let us assume there is no cost in shifting patients within the
time period of D days. Of course, D may be one day. Let us designate F
Za as the standardized normal variate which indicates that the number of

beds is sufficient for all but 100 « percent of occurrences. Then the
number of beds in the community is

(11-4) » 1
(11-8)p = [E (PD) + z, SD(PD)]

That is, for only 100 « percent of occurrences.will the number of patient
days'demanded in the time period of D days exceed E(PD) + Za SD (PD).

Th
en)

- B:D - .
(IIfS)Eiﬁﬁ) =1+ Za CY(PD).

The expected bed occupancy rate (OR)bequals E(PD) , 1f the number of beds
. . 4 S (B®

is assumed fixed. Then,

: _ E_(PD) _ 1
(11-6) OR = “Gypy = G3 ZaCV(PD))




v
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vTaking natural logs and using the relation that Ln(l+a) X a when a is

small,l/
l/For a population of one million, a daily admission rate of .15 , and
. 365
and Q= .001 (i.e., an insufficient number of beds for one-tenth of one -

: R ‘/ 1 1
percent of occurrences, or Za = 3.0), Za CV(PD) = Za 0P (p - 1) = 0,22,

If the pooling is done over a week, Za CV(PD) = 0.084. These values of

Za CV(PD) are sufficiently small for the>approximation to apply.

(II-7) LnOR = -(Za) CV(PD).

Combining equations (3) and (),

' 1 .1
(II—B) Ln(OR) = - ZéN[ (= -1).

FopP P

The - occupancy rate ic positively related to the size of the’
population, to the rate of admission, and to the proportion of occurrences

for which the demand exceeds the number of beds (a).zl This provides us

—"The parameter Za is smalle;bthe larger is «. Hence,.the larger is
aJ'the larger is LnOR.

with two measurable explanatory variables for inter-SMSA differences in

occupancy rates: population size and admission rate.

Communities may - ' ‘ ) —
differ in their desired @ . If all admissions are "discretiona;y".ftﬁ, the
cost of a delayed admission is lowl,the.community would be willing to accept
a larger number of instances iﬁ which the admission of potential patients

is either denied or delayed.é/ If all admissions are "eﬁergencies " [J:e.)




I - 7

3/

="The costs of a delay include the extra foregone productivity of the patient,
the extra psychic pain or death, and the additional curative costs due to ‘ )
the delay. The benefits of delay include possibly a reduction in curative o
costs (e.g., due to naturai healing) and a smaller average "“excess capacity"

of hospitals.

Rt

the cost of a delayed admission is high], the comm;nity would want a lower
frequency of occurrences in which admissions are delayed or denied. Holding
the admission rate constant, the effect of a differentiél emergency rate
across SMSAs would operate in the long run through the number of beds per
cépita. SMSAswith more emergencies in their case 1oad would have a higher
bed rate andgas a consequence'achieve the objecfive of a lower oécupancy_

J

rate.

C. Occupaucy Rate Versds Use Rate

~The annual cccupancy rate of a hospital bed is the sum of the days

in a year in which a patient is assigned to and using the bed divided by

365 days. When a bed is Vacated)it is not always immediately reoccupied
by another patieht even if there is queuing for beds. The bed may be
vacated too late in the day for-the next patient to arrive; or the bed may

L - 1
be reservad for a day or two for a patient who is expected to arrive.” The

1See', for example, Harry T. Paxton, "WVhatever Happened to the
Hospital Bed Shortage?" Medical Economics, February 28, 1973, p. &2,

"use rate'" of a hospital bed shall be defiﬁed as the occupancy rate plus
: the(proportion of days of potenfial occupancy lost because of a late dis-
charge or because the bed is being reserved.' Data on bed use rates do not
exist. However, the concept of "use" without occupancy may influence
the relation between the admission rate and fhe occupéncy»rate.

The total number of bed days "ﬁsed” in an SMSAVin a year is the sum

of the bed days of occupancy and‘the bed days consumed by lags between e
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Q/The costs of a delay include the extra foregone productivity of the patient,
the extra psychic pain or death, and the additional curative costs due to ‘}
the delay. The benefits of delay include possibly a reduction in cuvrative =
costs (e.g., due to matural healing) and a smaller average "excess capacity"

of hospitals.

the cost of a delayed admission is high], the comm;nity would want a lower

- frequency of occurrences in which admissions are delayed or denied. Holding
the admission rate constant, the effect of a differentiél emergency rate
across SMSAs would operate in the long run through the number of beds per
cépita. SMSAswith more emergencies in their case 1oad would have a higher
bed rate andéas a consequence'achieve the objecfive Af a lower oEcupancy

J

rate.

€. Occupaucy Rate Versus Use Rate

_The annual cccupancy rate of a hospital bed is the sum of the days

in a year in which a patient is assigned to and using the bed divided by ':)

365 days. When a bed is vacated, it is not always immediately reoccupied
by another patieht even if there is queuing for beds. The bed may be
vacated too late in the day for -the next patient to arrive, or the bed may '

be reserved for a day or two for a patient who is expected to arrive.1 The

1See, for example, Harry T. Paxton, "Whatever Happened to the
Hospital Bed Shortage?" Medical Economics, February 28, 1973, p. 42,

Tuse rate" of a hospital bed shall be defined as the occupancy rate plus
the proportion of days of potential occupancy lost because of a late dis-
charge or because the bed is being reserved.‘ Data on bed use rates do not
‘exist. However, the concept of "use" without occupancy may influence
the relation between the admission rate and ﬁhe occuééncy rate.

The total number of bed days "Qsed" in an SMSA in a year is the sum

: i
of the bed days of occupancy and the bed days consumed by lags between “’)
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successive occupancies. That is,

: L length of stay, . y lag in filling a
1(11-9) Use = (admissions) (per admission ) + (admissions) (bed per admiSSion)

We obtain the use rate (UR) by dividing both sides of equation (II-a) by (365)(Beds),

11-10) . Use - + admissions) (lag)
¢ UR = 365y (meds) - OR ¥ (365) (Beds) -
_ (admissions) (length of stay per admission)
since OR = (365) (Beds)

. : L. lag :
Designating the average lag per admission per bed day as g = 37cvim gy >

since admissions = (p) (pop),
(11,11) UR = OR + g p {pop).
‘At full capacity the use rate is unity. Differentiating equation (11} with

respect to the admission rate when the hospitals are operating at full capacity,

1I-12) §UR - R ¢ 9y '
( ) Sp Bp +(pop + ) pop = 0.
Thus, at full capadity (UR = 1.0), the marginal effect of admissions _on the

. occupancy rate is-

.(11—13) $-= -.z(1+e£'p) (pop) ,

where is the elasticity of the lag ber admission (2) with respzact to

“e.p
the admission rate. If the lag exists ( 2> 0) but is invariant with réspect
to admissions (e~ = 0), at full capacity the measured cccupancy rate will

s ]

be less than unity, and a higher admission rate implies a lower occupancy
rate. As long as the elasticity of the lag with respect to admissions 1s
larger in algebraic value than ninus unity (i.e., -1 < elp), occupancy rates

decrease with an increase in admissions at full capacity (UR = 1.0).
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Thus, the effect of the admission rate on the bed occupancy rate is

expected to be positive for utilization at less than full capacity, but it

may be negative at or near use rates equal to unity. Since high occupancy

rates may imply capacity utilization, the admission rate may have a negative

effect on occﬁpancy rates at very high levels of odcupancy.
D. Bed Rate

If an SMSA experiences an increase in its bed rate (beds per thousand

‘population), and the SM5A's admission rate and average length of stay remain

1/

constant, the occupancy rate will fall.=" . The exogenous increase in the bed

(N) (LS) OLnOR | 5.

= -1 .

1/ , .
RecallvthaE)31nce OR = (365) Beds 2 OLnBeds

~ -

bed rates may have higher édmission rates and lower occupancy rates.zl 1f

2/

—'The effect of an increase in the bed rate on admission and occupancy
rates is referred to in the literature as '"Roemer's Law''. Roemer's Law
says that exogenous increases in bed rates affect primarily admissions

and length of stay, and leave occupancy rates virtually unchanged. That
is, patients fill the available supply of beds. (For example, see M.TI.
Roemer and M. Shain, Hospital Utilization Under Insurance, Hospital
Monograph Series, No. 6, Chicago, American Hospital Association, 1959).

£ —~The coefficient of variation of occupancy rates
across SMSAs is con31derab1y smaller than the coefficient of variation in
admission rates and bed rates. (See Appendix A.)

the bed rate is not held constant in the occupancy rate equation, we could
observe a negative partial effect of admissions on occupancy rates. The bed

rate is hypothesized to have a negative effect on the occupancy rate.

E. Communication Among Hospitals ' : : )

Suppose two communities ‘have the same population, admission



(11-15) By (@) =k {%@ (1+2 \[1—- '(;1)- -1} s
Pop :

'IIflo

rate and desired ¢ . The communities diféér in that Community A has one
hospital (H.A = 1), whereas Community B'has k identical hospitals-(HB = k),
each servirg (&? (100) percent of the population, Vith no communication of .
vacancies among hospitals. It can be shown that commgnity B is expected to
have more beds and a lower ~occupancy rate.

" By substituting equation (3) into equation (4), for community A,

(1114) B, (D) = E(PD) (1+ZCV(PD)) E (PD) (1+zJ—-—— (—-1) ).

pop
For Community B,

S RCONCE doz\fo S CHER P
where k > i. Thus, B, 1is larger than'B; .
Rgcall that equation (8) was; , o . ;
(£I-16) LnOR - o= -Z\[—- (— -1, |
' ' Pop

Therefore, for Community B,

' 1 1 | 1 1
I1-1 = - —_ (= a = - — (= . -
( )] LnORB yA \/ ( 1) (-Jk) (-2 V/ ( 1)) = 6fk) LnOR

Since the natural log of a number smaller than unity is negative and since

ORA < 1.0, ORB <1.0and k> 1,

(11-18) LnORB < LnOR > OT

ORB < ORA

That is, ceteris paribus, because of less efficient pooling of beds, occupancy

rates are lower in SMSAs with more hospitals.
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If a bed in one hospital were a perféét substitute for a bed in
another.hospital, the number of hospitals wéuld have no effect on the bed
'réte or the occupancy rate. Thus, holding the'bed rafe and admission rate
constant the inclusion of a variable for the number of hospitals in an
analysis of occupancy rates>tests for the lack of perfect substitution of

beds among hospitals.

F. Demographic Control Variables

Holding constant the admission rate and bed rate, the occupancy rate

~

is, by definitionya function of the average length of stay. The average

length of stay.is a function of the SMSA's case mix and the demographic
structure>of the population. Althbugh case mix data cannot be included,

some of the empirical analysis does control for demographic variables. 'These
variablésvinclude the sex, age, and réce distributionsgﬁ the population, the
Flive birth rate and the fate of growth of the population.

There is evidence that nonwhites have a 1onger'aﬁerage length of stay

' . 1 . . . o
than whltes.—/ This suggests that, ceteris paribus, occupancy rates are

1 , . .
—/For example, in New York City the average length of stay of a white
person is shorter thaan that of a black person, in spite of the younger

average age of blacks.  Average Length of Stay in Days

o 1964 1966 1968
white 10.9 11.2 13.4
Black 13.2 . 11.6 14.5

Puerto Rican ‘ 14.2 12.6 15.0

Source: Donald G. Hay and Morey J. Wontman, "Estimates of Hospital Episodes
and Length of Stay, New York City, 19683 February 1972, mimeo.

higher in SMSKi} with a greater proportion of the population nonwhite. More

rapidly growing SMSA s are hypothesized to have a lower occupancy rate
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because of a shorter length of stay. The shorter length of stay may be due
to both the better health of migrants, and the greater attractiveness

to migrants of healthier environments.

G. Climate

Thus far the analysis has assumed that the variables under study do
not vary systematically over the year. Given an admission, however, climate

" may affect the length of sfay.l/ It seems reasonable to hypothesize that,

1/

="The effect of seasonality on admissions is examined explicitly in the
admission rate equation.

holding the admission rate constant, SMSAs in colder winter climates have
longer lengths of stay for two reasons. First, since admission rates are

. . . . . 2 . . s
higher in colder winter c11mates,—/ for two SMSAs with the same admission

-

2/

="See, this mohograph, chapter III, parf R

-

rate, the case mix is e#pected to be more heavily weighted toward more
serious cases in the SMSA with the iower mean Januéry temperature. More
serious cases have longer average lengths of stay. VSecond, holding case -
mix constant, patients are likely to beAkept in the hospital 1dnger, the less
amenable is the non-hospi;al en&ironment to recuperation. Non-hosfital care
is presumably less productive than hospital careifor recuperative

purposes in a colder winter ciimate than in a warmer climate, Siﬁce longer
lengths of stay increase the occupancy rate, holding the admission and bed
rates constant, the partial effect of mean January temperature on occupancy

rates is hypothesized to be negative.
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H. Summary
Table II-1 contains the regression equation for the occupancy rate

analysis. If hypotheses as to the sign of a variable have been bresenfed

" above, the sign is indicated.

All but one of the explanatory variables may be viewed 1in the short
run as being "caused" independently of the dependent variable, LN(OR). The

one exception is the admission rate (p). The admission rate is in part, a

2

function of the occupancy rate. At high levels of hospital occupancy, the cost

to society of admitting a patient to fill a bed is the sum of the resources

consumed because the bed 1is occupied plus. a measure of the cost because a

potential patient is denied access'(or is granted delayed access) to a bed.

This latter cost component does not exist when occupancy rates are low. Thus,

1/

we expect admissions to be more selective when occupancy rates are high.—

-

1/

~'For a time series study see John Rafferty,‘"Patterns of Hospital Use:
An Analysis of Short-Run Variations," Journal of Political Economy, January/
Yebruary 1971, pp. 154-165. ' - B T

&1t is for this reason that it is ‘appropriate to use a predicted rather

than the observed admission rate in the occupancy rate analysis.

The next section develdps an enustion with the admission rate

as the dependent variable. In the empirical analysis the occupéncy‘

rate and admission rate equations are estimated simultaneously.

RN

i




(1)

(2)
(3)
(4)

(5)
(6)

)
(®)
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Table 1I-1

Occupancy Rate quationé

Dependent Variable: The Natural Log of the
Occupancy Rate (LnOR)

" Name Explanatory Variables Predicted Sign of Slope

"Admission Rate . P or Adms* "+ in "randomneés model"
' ‘ - in "lag model" when near
100% use rate

Bed Rate : Beds* . . -
Square root of inverse 1 :
of populatio ' —— = SPOP ’ —_—
. population -~

Square root of nuﬁber' . :
of hospitals . V Hosp ‘ e

Percent Nonwhite © ZNWHT T . | <+

Percent Change in

Population ---RCHPO? , e T

Mean January Temperature - JANTEMP

Age, Sex Distribution

aFor a more detailed definition of the vériables and data sourcesJ
see Appendix A.
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2. Admission Rate
Economic, demographic and institutional variables. are used in
this section to generate a model to explain SMSA differences in the

rate of admission to short term general hospitals.

(A) Hospital Occupancy Rate

HospitalsAappear to be more selective in the cases they admit when
beds are scérce than when vacant beds are ébundant. Medicall
conditions for whiéh delay in treatment or alternative treatments are

~less costly are put ‘lower déwn on the admissions queue during periods
of high occupancy rates.- To the extent that hiéher occupany rates
increase the delay before a desired admission can take place, alfernatiVe

sources of medical treatment (including spontaneous éures) or death may

‘reduce the total rnumber of actual admissions. Altermnative sources of
- medical treatment include home care, specialized hospitals, nursing
homes, and hospitals outside of the SMSA. Thus, we expect a_negative

partial effect of the occupancybtate on the admission rate.

(B) Bed Rate
An alternative hypothesis (Roemer's Law) is that communities maintain a constar
occupancy rate and admissions and length of stay are a function of the

number of beds in the SMSA.(l) To test a 'beds effect" on admissions,

1The coefficient of variation across SMSAs 1s much.smaller for the

occupancy rate than for the admission rate and bed rate.

(Number of observations = 192)

Coefficien” of Variation

1) Occupancy Rate (OR) 0.09 —
2) Admission Rate (P) 0.24
3) Bed Rate (Beds¥) _0;28 ‘ %‘. . P

Source: See Appendix A. ‘ é )
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the bed rate is entered as an explanatory variable.

It cou}d be argued that a positive partial correlation betweenithe
admission rate and the_bed rate is not duevto more beds causing more
admissions, but rather is due tb a higher demand for admissions |
causing more'hospital.beds té be constructed. This suggests that the bed
rate should be viewed as an endogenous variable (determined within tﬁe
model) not an exogenous variable (determined outsidg of the model) in our -
analysis of hospital utiiization.

In the short run the bed rate (Beds*) 13’ viewed as
fixed, and the hospital admission rate and occupancy rate és interacting
simultaneously. In theflong-run, the bed rate'is ﬁot fixed)and the
three variables -- p; BEPS* gnd LnOR~-~- are'intefdependent. As the number
of beds adjusts to long run coﬁditions, the éccupanéy rate vafiable may
lose séme of its Qariability. In the next section é model is developéd
for predicting the bed rate in an SMSA. The analysis of inﬁer—SMsA'
diffe;ences in admission rates is perfbrmed for both a short run moael,
using prédiqted LnOR and observed BEDS* as explanatory_vari;bles, and

a long run model, using predicted BEDS*.
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(C) Hospital Insurance ’ . - ' _ fi)
It is often argued that the effect of more extensive hospital.and
surgical insurance coverage is to increase the amount of hospital care

and surgery demanded by patienté andrtﬁeir physiciaﬁs. The effect of

insurance is a change from a "fee for service'" pricing system to an -

annual lump sum payment independent of the amount of services to be
consumed and (usually) a smaller fee for service. By lowering the

direct cost. to.the patient of an additional unit of medical services

the patient has an incentive to purchase more medical services than

otherwise. This may be done directly by the patient either through

requesting more services or by searching for a doctor who will prescribe

" these services. The increased use of medical services may also occur

_if the patient's doctor, seeing the lowered direct price to the patient,

suggests or provides more medical care. The additional medical care may
show up, in part, as a higher rate of hospital admission. . Thus, a greater
hospital and surgical insurance éoverage is expected to. be associated with

a higher rate of hospital adnission.

(D) Physicians

a »The number of physicians per capita iﬁ.an SMSA can be associated with
the utilization of their services in several ways. Firs:t, the greater the
relativé number of physicians, holding the deman& for.their services constant,b

the lower would be the cost, and consequently the greater the use of their

services.1 Second, if we hold fixed the supply schedule of physicians

1The cost of physician's services include the direct price (fee),
the waiting room time, and the costs dncurred due to a delay in -

receiving care.
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services, communities with a higher demand for health care have a larger

(2)

number of physicians per capita. Finally, it has been alleged that

(2)

This suggests that the number of physicians_is an endogenous
variable. Hoﬁever, in this study the observed number of physicians is

used in the empirical analysis.

physicians.create.their own demand: the larger the number of physicians

per capita, the greater | . the amount of medical care received‘

' per ‘capita because "consumer ignorance" results in patients placing a great
"deal of faith in the physician's advice as to the amount end type of
medical care tﬁaf should be purchased and physicians wish to'"fill up"
’tﬁeir day.

The effect on hospital admissions of an increase in the purchase of
medical care due to the.presence of a larger number of physicians depends
on whether physiciané' sér&ices are complemehfar?with or substitugable
fﬁr hospital services. Surgeons' services are hospital using. It is
not ciear a priori whether hospi£;1 services are substifuteé or éomple-
ments for tﬁe medicél care provided by non-sufgical out—-of-hospital

-~

physicians. Thus, the number of surgeons per thousand

o !
population-(SURG#) should have a bositive partial effect on admission

rates, but the partial effect of non-surgical out-of-hospital physicians
per thousand population (GENMD*) is not clear.

It might be asked, "Does the effect of the presence of a larger

number of physicians depend on the extent of hospital insurance coverage?"




¢
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v

-This question is answéred by including two linear interaction

variables for hospital insurance and physicians per thousand population.1

1These variables are (a) (HI) (GENMD*) and (b). (HI) (SURG*),

(E) Income
The variable median family income serves several inter-related

. s . . el 2
functions. First, income may be a proxy variable for health status.

2There is evidence that income and good health are negativeiy

correlated among whites but positively correlated among nomwhites. See

Michael Grossman, The Demand for Health (NBER, Oécasional Paper 119, 1972)
and Morris Silver, "An Econometric Analysis of Spatial Variations in

Mortality Rates by Age and Sex," V.R. Fuchs, ed., Essays in the Economics

of Health and Medical Care (NBER, 1972) pp. 161-227. .' ' *

Second, it is not clear a priori whether, ceteris'paribus, hospital
admissions increase or decrease with income, holding an initial level

of health constant.3 Thus, no prediction is offered as to the effect

3

For a given initial level of health, if preventive or early curative
care are less hospital using than cure at later stages, those with higher
incomes may have a lower admission rate. On the other hand, there may

be a positive income elasticity of demand for hospital using curative

ﬁedicine,

of median family income on the demand for admissions across SMSAs.
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F. Climate : »

Hospital admission rates appear to be seasonal; they tend to be fj)

1
higher in the fall and winter than in the spring and summer.” Thus, if

1 ’ . . .
For example, see Helen Hershfield Avnet, Physician Service Patterns

and Illness Rates (Group Health Inéurance, Inc. 1967) Table 42, p. 110,

all other variables that influence'hospital admissions were held constant,
communities with more severe winters would tend to have higher

admission rates. Mean January temperature is used as a measure of the

~severity. of the winter.

(G) The SMSA as a Medical Center

The dependent variable, the admission rate, is defined as the number

of admissions in the short term general hospitals located in the SMSA

in 1967 divided by the population of the SMSA in 1966. An admission rate

6btained in thisrmanner is a biased estimate of the ﬂosﬁital'admissién
rate of the population ofAthe SMSA, To obtéin the population's admissionr
rafe, the admissions of non—resi@gnts who'ﬁsed.the SMSA;S hospitals
shbﬁid be subtractéd froﬁ the'dafa, while the adﬁissions of residents who
enfered short term general hbspitals outside of the SMSA should be
included in the data. Unforturnately, it is not possible to make these
adjﬁstments.-

An alternative procedure is to-obtain a proxy fof the net in-migration
of patients. The net in—migratibn would be greater, the greater: the ex—
tent to which the SMSA serves as a health center. An SMSA is more likely
to serve as a health center if it has é medical school, and, if a medical

school exists, the larger its size. The number of medical school students

o)
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~ per hundred thousand population is entered for this purpqse.1

lThe variable is defined to be zero for SMSA s without medical

schools.

() Demographic Variables

The probability of a hospitalization in a year is related to the
person's age, sex and race. Thus, admission rates by SMSA will vary
~‘with fhe age, sex and race composition of the popuiatidn. Seven
variables are included to captﬁre the effects of sex and age

differences.z‘ The live birth rate (LBR) is included to control for

2The seven variables are the percent of the population female
(%FEMAL), and the percentSof males and females separately, in the age

groups 10 to 39, 40 to 54 and 55 years of age and‘over.A

(.

~

SMSA differencés ih fertility. Holding the birth rate cons;aﬁt, the sign.
of ZFEMAL is expected to be negafive as women tend to be mofe heélthy
than men of the same age. The percent of theAp0pu1ation.who are nonwhite.
(ZNWHT) is hypothesized to have a positive effect on the‘admission rate
since nonwhites ﬁave a lower level of healfh than whites. |

It would be‘desirable to ﬁold constant a measure of the "healthi-
ness" of the SMSA's environment. Tﬁe mean January temperature captures
some of this effect. Holding constant the median family incomeAand the
sex, age, and race distributions of the.SMSA, the health statué of the

environment may be highly correlated with the mortality rzte. The number
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D,

of deaths per thousand population (MORT*) - - R N T v 'T:)

armd is expected to have a positive effect on admissions.

7. Summary:

Combining the separate analyses presented in this section, Table
-II-2 presents the admission rate equation and indicates the hypothesized
effects of each variable., 1In Chapter II1I1 the admissions equation is K .
estimated simultaneously with the occupapcxrate equation and with the

bed rate eqﬁation.
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. ‘Table II-2
-
Admission Rate Equationa
. Dependent Variable: Admissions per Thousand Population (P) .
Explanatoryivariables:
Name ' - Symbol = '~ Predicted Effect
1) Natural log of odcupaﬂ§
rate _ A LnOR -
2) Bed Rate _ Beds* : L+
3) Hospital and surgical .
. insurance per capita . HSB/C +
. 4) Non-surgical MDs per e N
thousand population GENMD* . .
5) Surgical MDs per thousand ‘ . _
population . SURG* +
{:} . 6) Insurance non-surgical
MD interactioun ~ (HI) (GENMD*) T o ? .
7)) Insurance surgicai MD ; ’ _
interaction (HI) (SURG*) . +
8) Median Family Income INC L ?
9) Mean January temperature JANTEMP : -
10) Medical Students per hundred
' thousand population MST*C . ' +
11) Percent of the population _ _ _ .
nonwhite ' : ZNWHT _ +
12) Mortality per thousand '
population MORT* | . +
13) Demographic variables
a) Live birth rate ~LBR +
b) Sex » - %FEM -
¢) Age distribution o .

C

8For a detailed definition of the variables and data sources,see Appendix A.
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4, .Bed Rates

Q;é

A. Introduction

~ Although -———> the number of hospital beds in an SMSA
on ‘January 1 comes prior in time sequence to the number of admissions
in that year, this is not a sufficient reason for treating the bed rate
as exogenous (determined outside of the model). The number of hospital
- N ‘ i future
beds is a function of past demands and " expectations of /demand$
for these beds, and there is a strong time series correlation in the

demand for hospital care. The larger the demand for hospital care,

‘the greater are the economic and political incentives for the government,

and religious, other not-for-profit and for-profit organizations to increase

the number of hospital beds. This section develops a theoretical model

to explain SMSA differences in the bed rate.

B. Adnission Rate and the Randomness Model
If we divide both sidés of equation II-15 by the size of the

population (in terms of thousands of inhabitants) and D,

) 3 _me 2
(11.19) Beds* = - = = [1,+ o\ pop C~ -1 ] .

The bed rate indicated in equation (II-19) is composed of a mean predicted

LS P :
demand [—§5—] plus a demand due to the stochastic nature of admissions

(p - p°) 1° The mean predicted demand in our simplified

model is proportional to the admission rate and the length of stay.
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The "stochastic demand" is proportional to length of stay, inversely

proportional to fhe square root of the population size, proportional

‘to the square root of the number of hospitals, and positively
relatéd to the admission rate (for p < .5).

We can test the effect of density on the substitutability of

‘hospital beds. If a greater density increases the substitutability

among hospital beds, an SMSA with a smaller land area (holding

constant population, admissions and number of hospitals) will have

"a smaller bed rate.

C. Hospital Administration

If beds under different administrative control (government, voluntary,
proprieta:y) were equally‘good substitutes for each bther, the fraction
of beds under a given administration shduld héve no effect on the SMSA's
overall bed rate. However, if only veterans can uée federal shortjterm
general hospitals, tﬁe addition of féderal_hospital beds has a smaller

and indirect effect on ﬁed availability for non—veferan; ;han fér‘ 
véterans. This is expected to iQ;reasé the number of béds (but b&
less than the increase in federal beds) and the proportion of beds in
féderal hospitals. It seems reasonable to assume that state and_local
government short-term general hosﬁital beds are good'
substitutes for beds in voluntary hospitals. Although proprietary

hospitals charge higher fees than non-profit non-federal hospitals, there

are no other special barriers to patient entry. The proportion of

proprietary beds in the total bed census is so small,it is unlikely that

SMSA variations in proprietary hospital beds have a statistically

significant effect on the overal*bed rate.1
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Ftnote from p. ¥ 4.24 -

l‘-/Ave‘arage across 192 SMSAs of the proportion of beds under each form i:)
of administrative control: S
Mean

Control fércent of Beds

State and Local govermment 15.8 .

Federal government 10.6

AProprietary ‘- . 4.5
Voluntary 4 o 69.1

. Source: See Appendix A.

Three hospital administration variables are added to the bed rate
analysis, the percent of beds in state and local (%SLBEDS), federal
(ZFEDBEDS) and proprietary’(ZPRBEDS) hospitals. Insignificant effects

are expected for state and local, and proprietary beds. The '"veterans -

effect" is expected to result.in a significant positive effect of federal

"hospital beds on SMSA  bed rates,

D. Za —-- Emergencies and Income

The parameter Za is the standardized normal. variate indicating
the proportion of occurrences (o) for which the demand for beds exceeds
the available supply. There are no direct measures of Za » but we can
postulate that it is a function of two variables, the relative importance
of emergencies in the SMSA's case mix and median family income.

The more important are emergencies in an SMSA's case mix, the

expected of -

greater is the/cost of delayed (or denied) admissionﬁ%ecause/the

ing
demand for beds exceed/ the available supply. Thus, ceteris paribus,

the more important are emergencies, the smaller the desired a (larger Za)’ i
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and consequently the larger the bed rate.;

1The emergency variable (EMERG) is the sum of deaths from six causes.
The variable is entered as emergency deaths per thousand population (EMERG*),
These six causes are:

(a) Arteriosclerotic heart disease, including coronary conditions (HEART)

(b) Vascular lesions affecting the central nervous system (STROKE)
(¢) Motor Vehicle accidents (MOTOR)

(d) Other =ccidents (OTHACC)

(e) Suicide (SUIC)

(f) Homicide (HOMIC)

If the availability of a hospital bed is viewed as a superior good,
higher income SMSA's would prefer a smaller a (iarger Za) to reduce the
probability that a desired hospital admission would be delayed. This implies

" a positive effect of income on the bed rate.

E. Percent Loawhite

[

Since nonwhites have been subjected to discrimination in the

provision of other public services,2 they may . "have been subject to

2For discrimination in public schoolfexpendituresisee Richard Freeman,
"Labor Market Discrimination," paper presented at Econometric Society
Meeting, December 1972, or Finis Welch, "Black-White Differences in Returns

P!

to Schooling," American Economic Review (forthcoming).

past (and perhaps also current) aiscriﬁination in the provision-of hospital
services. In addition, since non-profit hospital; aré financed to a

large extent by voluntary tontributioné frtm wealthy individuals‘énd
fouﬁdations, discrimination by these sourtes agaiﬁst nonwhites imblies

that SMSAs with a larger fraction of the population nonwhite have a smailer
bed rate, To test these hypctheses, a variable for the proportlon of

nonwhites in the SMSA's population is-addgd to the bed rate analysis.
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F. Other Variables o : ‘ ‘ : . ifi)

Holding the admission rate and number of hospitals constant, SMSAs
which serve as medical education centers are likely to have a larger bed
rate. This can be due to both a longer average length of stay and a larger

"interesting" case) in hospitals

Za' (to reduce the probability of rejecting an
affiliated with medical schools.

#———The number of medical students per hundred thousand population (MST*C)

is used to capture the medical center effect on the bed rate.

The bed rate in an area is a function of fhe wéy'its denominator,
population, changes. If hospitél construction lags behind population
growth, the greater the increase in population, the smaller the bed rate.
If the community anticipafes future demands 6n ﬁhe basis of cﬁrrent

population growth rates, a positive partial relation would exist between

the bed rate and the rate of growth of population (ZCHPOP). 1In terms of o

equation (19L holding the admission rate constant, the population growth

rate effect would appear as short-run variations in Zd'

-

G. Summarz

Table II-3 presents a listing of the variables which enter the
bed rate analysis and the hypothesized effects of these variables. The
empirical analysts uses a prediéted admission rate (rather than the

observed admission rate) since the admission rate and the bed rate are.

simultaneously determined in the long run.
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Table I1I-3

Dependent Variable: Beds Per Thousand Population (Beds*)

Explanatory Variables

Name

Admission rate

Square root of i se
of population (/——
popula Voop )

.Square root of number
.of hospitals

Median family income

Emergency deaths.pef
thousand population

Medical students per hundred
thousand population

Area (square miles) per
thousand population

Percent change in population

Percent nonwhite

Percent of beds in

"state and local hospitéls

Percent of beds in federal
hospitals

Percent of beds in
proprietary hospitals

. Symbol

P

SPOP -

\/ Hosp

INC

EMERG*
MST/C
Area*

ZCHPOP
ZﬂWHT

#SLBeds

ZFed Beds

%PRBeds

Hypothesized Sign

+

-+

8For a detailed definition of the variables and data.sources, see Appendix A.
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Chapter III -

Empirical Analysis

Chapter II developed hypotheses and three structural equations

to explain regional differences in short term general hospital

occupancy rates, admission rates and bed rates. This chapter presents

an empirical estimation of the equaticns and tests of the hypotheses
using the Standard Metropolitan Statistical Area as the unit of

observation’.1

1The analysis is for 192 SMSAs. Data for nine additicnal SMSAs

were available, but, bacause of extreme values for the proportion

of beds in fedaral hospitals and for length of stay, it was felt

-that long term care or specialty care hospital facilities were included

in what was supposed to be short term general hospital data. _(See
Appendix A.) The two stage least_équares.regressions for the full

sample of 201 SMSAs, as well as the ordinary least sduares regressions

'for both sample sizes, are presented in Appendix B.

The data for hospital occupancy, admission and bed rates are from

a 1967 survey of all short-term general hospitals in the United States. 2

2HOSpitals: A County and Metropolitan Area Data Book, National

Center for Health Statistics, Department of Health, Education and
Welfare, November 1970. For the sources of the data for the explanatory

varisbles, sec Appendix A.




~ is the annual probability of an admissiocn, divided by‘SSL) that is,
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1. Occupancy Rate Equation : ) ' A i:)

a. Randomness Model

i

I1f we designate the randomness model variables by V /1 (l - 1) k)
' » : pop ’

we can write equation II-17 as

(I11-1)  La OR = - Z V.
If the assumptions of the model are §alid,.the regression of the natural
log of the occupgncy'rate on thé structure of the randommess model (V)
will not have an intercept but will have a negative slope coefficient.

Using the normal distribution, the slope coefficient indicates the average

proﬁortion of occurrences for which the demand for beds exceeds the avail-

able supply (a).

Table III-1 presents the regressions when the admission rate

-

the explanatory variable assumes the time period D is one week.

lBecause of the simultaneous7Hetermination'of the admission rate
and the occupancy rate, the predicted admission rate is used. The
variables used to obtain the predicted admission: rate are the exogenous

variables in Tables Bi#gand B -§,#2,

When an intercept is allowed, it is insignificant (t=- 1.58)., Thus,
we accept the hypothesis that the intercept is zero. When the regres-
sion is forced through the origin, the slope coefficient is highly

significant, has a negative sign)and its magnitude indicates that
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TABLE III-1

Randomness Model Analysis of the Occupancy Réate

Depéndent Variatle: LnOR

- Regression Forced
Linear Regression Through Origin
Independent Varicble + coefficient t ratio coefficient t ratio
v . =2.409 -6.63 -2.97%  ~4.43
Intercept. -0.051 -1.58 - -

ay = _%;.(%. - 1)k , where p 1is the predicted admission rate

per thousand population (for exogenous variables, see Tables 3- 3 #7

~and B~84-3) divided by (1,000)-(52).

Source: See Appendix A.
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the demand for beds exceeds the number available in onl& 0.15 percent ft)

of the weeks (a = 0.0015).l The value of a can be computed for

1For Za = 2.973, using the upper tail of the normal distribution,

a =_0.0015 = 0.15 percent.

various time periods (D). For example, on approximately 13 percent
of the day%)some potential patients would be rejected and be subject

to either a delayed or a denied admission.2

1 . .
2For a daily admission rate p* = %—3 since _lr -1 =

. . 2973\1 L
bepause p' is small, Ln OR ) pop p* ;)k ,

11P-

, or‘ZOl (pﬁe day) = . 1.12.and o (one day) = 0.1%,

Tﬁe findings in Table IiIfl proyide empiripal support_for the
randomness model developed in Chapter II. The reoression'iﬁ”&able 111-2,
which uses a looser forn of the randomness model variables as xell
as other control variables, provides additional support for our

2

theoretical analysis of occupancy rates.

3The ordinary least squares equation (i.e.; the equation using

the observed admission rate) explains over 40 percent of SMSA variation

in the natural log of the occupancy rate.

In Table III— ), the annual admission rate has a positive effect L:)

on the occupancy-rate.4 The mean annual admis biOR rate is 170 per
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Variableg_.

ADMS*
BEDS*
SPOP66
SRHOSP
INWHT

'%CHGPO

JANTEMP

.LBR

AFEMAL
#M1039
#H4054
M55

ZF1039
ZF4054
%#F55

const.

A
ADMS* =

Table III-2

Two Stage Least Squares Analysis of
SMSA Differences in Occupancy Rates
Dependent Variable = LnOR
N = 192 SiiSAs

in this table and Table B-6 #2

Source: See Appendix A.

coéfficieht t ratio
.0015 ©-1.94
-.038 -2.61
~78.556 -3.54
~.016 -3.26
.0017 2.23
-.00035 -1.65

-.0028 -3.91
- -.00055 -1.22
L0211 0.80
.012 0.37
-.014 -0.37
.016 - 0.51
0058 - -0:18
T 023 " 0.58
-.011 " -0.36
3.112 2.18

fredicted Admission Rate -- using exogenous variables
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4The first stage equation used to predict the admission rate

has an RZ of approximately 77 parcent. Becaﬁse_predicted admissions
and the square of predicted admissions are very higﬂly correlated
(R = 0.98), it was not possible to test for non-linear effects of

admissions on the log of the occupancy rate.

thousand, with a standaind deviation of 40.4 per thousand. An increase |
| A . : approrm el
in the admission rate from 130 per thousand to 210 per thousand (from 3
one standard deviation below to one standard deviation above the mean)

pradicts an increase in the occupancy rate of approximately 9 per-

centage points.1

1 , S :
Since 3LmOR _ 30R o
SAdms® - 100015, Saaow (.77) (+0.0015) = = +0.001155 .
Then, AOR = +0.001155 (210-130) = +0.092 .

The mean occupancy rate is .77 and the standard deviation is 0.067.

When hospital admiscsiors are viewed as random events, larger popu-
lations have a more stable relative demand for hospital beds and, there-
fore, are able to maintain a higher occupancy rate. The variable SPOPG6,

1 : Y 1
the square root of the inverse of the population of the SMSA( ESE-), has
a significant effect on the occupancy rate. Going from an SMSA of one-

quarter of a million to one of one million inhabitants increases the

occupancy rate by six percentage points.z

v
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2; :
Since ~_3LnOR —
55POP66 ~78.66 , and OR .77 , at the mean,

90R
55POPEE -60.57 .
1 - 1 3 = -60.57 (.001-.002)
35000 - V3500000 | o

AOR = (—60..57)(\‘1..0.0

= 40,0506 or 6 percentage points.
The difference in occupancy rates between an SMSA wifh
50,000 inhabitants and one with one-quarter of a million is /S

percentage points, -

' = - — 1 - 1 =.. - - “. = Lay
(80R = -60.57 (755,000 55530 60.57 (.002 .00447)= " ,149%)

The randommess model also predicts that if beds in different
hospitals are not perfect substitutes for esach other, the larger the

number of hospitals in an SMSA, the lower the occupancy‘ratel' The

model suggests the variable SRHOSP = \number of general hospitals,
which has a significant negative effect on the occupancy rate. Going -
from four hospitals to sixteen hospitals decreases-the bed océupancy

rate by 2.5 percentage points.1

1The mean and standard deviation of \Hosp are 3.2 and 1.92

, aLnOR ‘
respectively. Using Table III—Q‘J>v ‘ “NEash -0.016

Niosp = -0t01232 » and AOB. é -9.01232 (4-2) = -0.02464 .
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i Note that a four fold increase in the number of hospitals and in

the population size leaves unchanged the number of hospitals per capita,
but the occupancy rate need not be unchanged. An increase in the number

of hospitals fiom 4 to 16 and ar increase in population size from one-

quarter mjllion to one wmillion results in a net increase in occupancy

. s .
rates. The increase in occupancy rates with population size when

1 . _3LnOR 4 BLNOR e
dLnOR = ' 3STODEE dSPOP66 3osp d dlosp
ALnOR = (-78.66) (.001-.002) -+ (-0.016) (4-2)
= (40.0787).+ (-0.032) = +0.04%7

AoR = (.77)(+0.0755) = +0.020

-

hospitals per capité is unchanged suggests
that there iS‘subsﬁitution among hospitals but that this substitution

’ 2
is less perfect betw2en than within hospitals."

“That is, an SMSA with k hospitals of equal size does not behave
~as if it were k separate SMSAs each with one --kI:-}-l of the SMSA's popu-~

lation.

Similar but weaker results emerge when the regression in Table III-2

is computed without the bed rate variable.

SloEé ' t ratio
a) SPOP6S -33.12 -2,54
b) VHosp -0.011 , -2.58
3LnoOR dLnOR , -
dLnOR = mdSPOPGG‘l‘*‘T._ d¥Hosp = 0.011

liosp

w‘j
e
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. with an increase in the bed rate.2
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b. Other Variables _ R

The bed rate has a significant negative effect on occupancy rates.
A 10 percent increase in the bed rate decreases the occupancy rate

by two percent.1 This provides only partial support for Roemer's Law

lyrom Table III-2 N

3LnOR  _  3LnOR
alnBeds sBeds*

Peds* = (-0.038)(5.22) = -0.198

}

that an increase in the bed rate results in these beds being filled,

-with no‘change in the occupancy rate. Since the admission rate is.

held constant, and the elasticity of response of OR to Beds* is

significantly different from minus unity, length of stay increases

(p) (LS) (pop)

2
Since OR (365) Beds

, and Beds* = Beds/poﬁ.j

Ry

LnOR = Ln(p) + Ln(LS) - Ln(Beds*) - Ln(365) . Then,

oLnOR _ aLn(p) aLn(LS) ) ¢
3Ln(Beds®) ~ 9Ln(Beds®) aLn (Beds*) 1 ..- In the previcus footnote
we found 9LnOR =0.2 ¢ In the analysis of SMSA diffefences

dLn(Beds*)
aLnp
. =
in admission rates (this chapter, part'3), EEHTEEE;;T +0.4|.

‘These terms imply that the elasticity of length of stay with respect

. aLn(LS) '
Fo the bed rate is 3EE?§EE§¥7 +0.%9 .

It is hypothesized that there is a hegative paftiél effect of

mean January temperature on the mean length of stay anQJconsequently)
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on the occupancy rate.1 Empiricaily, mean January temparature has a

1The effect of temperature on occupancy rates through the admis-

~ sion rate is held constant when we use predicted admissions.

significantly negative effect on oc‘cup'an,cy’rate_s.2 The Qariable

Zrhe average - January temperature is 36°F,
with a standard deviation of 12°F. The occupancy rate for SMSAs
one standard deviation above the mean is lower by approximately 5.5

percentage pcints than the OR for ‘SMSAs one standard deviation below

the mean.
- 3LnOR MR - »
Since, $3iio— -.0038 ) Tiamcew © (-.093)(.77) = -o.,ooz31
Then, AOR = ~-0.00231 (48-24) = -0.05544 .

N\

-
<=

naintains its slope and standard error even after a SoutH-NonSouth
dummy variable or a New England dummy variable is added to the
regression equation (see Appendix B).

" The proportion of the popuiation of an SMSA who are nonwhite
appears to have a significant positive effect on the SMSA's occupancy

rate;3 Going from an SMSA with no nonwhites to one with 20 percent

3'I‘his is not capturing an income effect. When median family income

is included in the occupancy rate equation, income is mnot significant

and does not change the effect of percent nonwhite (see Appendix B).
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nonwhite (i.e., from approximately one stundard deviation below to
one standard deviation above the mean) increases the predicted

occupancy rate by almost three percentage points.l The positive

1The mean percent nonwhite is 10.68 and its standard deviation
' oLnOR

is 10.5 percent. Using Table III-JZ) SINUHT 0.00173 K
33%%ﬁf (0.00173)(.77) = 0.00133 and AOR = (0.00133)(20.0-0.0) = 0.0266.

effect of percent nonwhite, when the admission rate and bed rate are
- held cohstant, suggests there is a longer average length of stay

for nonwhites.2

'"2There is other evidence of a longer nonwhiie length of stay.

For exzmple, the average length of hospital Stay in ¥ew York City

iAn 1964 was

| Male ; ‘Female (excluding deliveries)
White 13.8 10.5
Nonwhite 16.0 . 16.4
Puerto Rican 19.9 _ 14.4

Source: Hospital Discharges and Length of Stay, New York City, 1964

(New York City, Population Health Survey, Septemoer 1966, Report Number H-1),
Table 8. : :

The variable "percent change in population” has a negative

effect (significant at the 10 percent level) suggesting that more
cherter .
rapidly growing SMSAs have p . lengths of stay, either because

of a healthier population or environment. Eight other variables are
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added fo the occupancy rate equation to con£rollfor SMSA differences f;)
in lengéh of stay duc to differences in the live birth raﬁe (LBR), the
sex distribution (%FEMAL = percent of the poﬁuiation female),
and the age distribution. These demographic variabie; are generally not
separately significant, o

c. Summary

The empirical analysis of SMSA differences in 6ccgpanc§ rates
permité a test of the hypotheces developed in Chapter II, Part 2.
The findings confirm the predicﬁions of the randoﬁness godel. Thefe
is a positive gffect of the admission rate on the occupancy rate:
SMSAs with Higher admission rates have higher occupancy rates, More
populous SMSAs are able to take advantage of the efféct of population.

size and maintain a higher occupancy rate. A larger number of hospitals

decresses the occupancy ?a;e, presumably because of a péorer refefrai
éystem between than Qithin hospitals. Communication does occur
across hospitals, as shcwn By the:higher cccupancy raie when popula-
tion siz2 and numbe; of hospitalé‘are {ncreased proportionatel&.
Hoiding the admission rate constant, a higher bed rate implies

a lower occupancy rate (thé.elasticity is -0.2). Thus, an increase
in beds is.associated with both éﬁ incréése in length of stay
(elasticity is +0.39) aand a decrease in the occupancy rate. This
is oqu partial support for Roemer's law that when more beds are
availablie they tend to be :filled.

. Lonper lengths of stav explain the findings that occupancy rates

are higher in SMSAs in colder winter climates and with a larger fraction

of the population nonwhite. ' ' | ’ i
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The empirical analysis T ST Rt
indicates that occupancy rates vary across SMSAs and that this

variation can be related systematically to the characteristics of

the SMSA.
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Q. Admission Rate Equation o . : o

a. Introduction:

The second dependent variable examined ﬁﬁeoretically'in
Chapter II is the hospitél a&mission.rate. The admission rate is
défined as the total number of admissions in>a yeér in the SMSA's
.short ter general hospitals divided by fhe pophlation in thpusands
of tﬁe SMSA. The mean and standard deviation of the admission

. - /
"rate are 170 and 4q)re3pectively, and the range is from 60 to ZQOA&

lehe data are for 192 SMSAs. See Appendix A.

[l

The regression equation developed in Chapter II for explaining

SMSA differences in the hospital admission rate is estimated simultaneously

“with the occupancy rate in our "short run" model (Table III-3), and simul-

2/

taneously with the bed rate in our "long run" model (Table Iri-H='.

) (2)

The model explains 68 percent
of inter-SMSA variation in the admission rate in the ordinary least squares

regression analysis (See Appendix B).

—

b. Endogenous Explanatory Variable: Ogcupancy Rate

The cost to the hospital or society of a patient occupying a

bed dependiiin parﬁ)on the space (beds) available. The more crowded are
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hospit&ls (Higher bed occupancy rate), for ; fixed number of beds,

the more likely it is that accepting an admission precludés (or delayg)

accepting another patient with a more "urgent" demand for hospital care.
| As expected, the predicted natural.log of the occupancy rate

has a significant negative effect on the admission rate. A one per-

centage point increase in occupancy rates, ceteris paribus, decreases

X 1
‘the admission rate by over four admissions per thousand populatiocn per year.—J

. l-/In Table III-3, regression 2, at the mean OR,

dAdms* _  3Adms*

Sm0R = SoR - OR == 34L.9
dAdms* _ —341.9 -~ _ =341.9  _ .0 .

Thus, a one percentage point increase in the occupanc§ rate (AOR = 0.01),

in the neighborhood of the mean OR, results in a decrease in admissions

per thousand population by 4.44,

Holding the predicted occupané; rate constant, a 1arger bed rate (Beds*)
implies a larger absolute number of vacant beds pervcépita. A larger absolute
number of vacant beds per caﬁita implies a lower probability that an admission
will preclude or delay the admission of a patient with a more serious illness.
The vériable Beds* does indeed have the expected significant positive partial
éffect on the adﬁission £ate (TaBle IIi-B)., An increase of’one bed per
thousand population is éssociated'with_an 11;2 per thousand population

2/

increase in the admission rate.—

Q/The mean and standard deviation of bed rate are 5.22 and 1.44,respecfively.
A cne bed per thousand increase represents nearly a 20 percent increase in the

stock of beds.
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Table III-3

Two Stage Least Squares

Analyéis of SMSA Differences in Hospital Admission Rates

Dependent Variable = ADHS*

N = 192 SMSAs

1. W/LnOR (Table B-3, #1) Rk

Variables
LAOR
BEDS*
HSB/C
~ GENMD*
SURG*
HI*XMD*
HI*XSGC*
ING
JANTEMP
" 4TRADE
INWHT
LER
%FEMAL
MORT *
%M1039
yATALTA
ZM55
%F1039
%ZF4054
ZF55
NEWGL
MST*C

const

L&bR = Predicted Log Occupancy Rate -- using

2. W/LnOR (Table B-3, #2)
coef ., t ratio coef. t ratio
-362.350 -3.27 -341.875 -3.23
. 10.627 3.60 11.191 4.05
2.296 2,03 2,999 2.98
~101. 480 -0.80 | |
545,074 2.73 469.103 3.17
2.343 0.96 |
-9.437 ~2.43 ~7.615 -2.71
-19.901 ~3.28 ~22.896 -4.36
-1.961 ~3.80 ~1.839 -3.65
1.068 o 0.75 '
1.053 2.48 .938 2.23
~.248 ~1.15 o -
-24,682 -2.32 ~22.219 "~2.22
-4,702 ‘ -1.11 -4.346 -1.04
~37.894 | -3.27 -33.188 -3.08
-54.,915 . -3:65 -48.251 ~3.43
-34.635 L -2.77 ~29.365 ~2.56
38.133 o 3.24 33.517 3.01
58.752  3.64 52,413 3.40
33.668 2. 80 29.029 2.58
-15.864 -1.23 -16.329 -1.33
-=,061 -0.65 |
©2899.88 3.60 2653.57 3.82

table and in Table B-3, #1 and {2.

Source: See Appendix A.

exogenous variables in

this

:;)
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The net cost to the patient of a particdlar hospipalization
is lowef)the greater the extent that insurance pays for hoépital and
surgical expenses. The insuraﬁce variable used.in this study is an
estimafed value of the benefits from hospital and surgical insurance per

1/

cépita in the SMSA.~ It is expected to have a positive effect on the

1/

~'The estimation procedure is discussed in Appendix A.

admission rate.g/

g/In principle, the causation could run in the opposite direction. That

is, SMSAs with larger hospital admission rates for some reason.other than

" insurance might have an incentive to buy more dollars worth of insurance.

This effecf is not likely to be important in tﬁis study as the hospital
insurance variable is ccmputed from an interstate regfeséion of state;
vélues for hosﬁital iﬁsuranée onvseveral explanatory variables which afe
exogenous to the model of thé hospital sector developea in this study.

See Appendix A.

"Variables are included to test- the effect of the presence of
physicians per thousand population. Non-surgical M.D.s (GENMD*) and
surgical M.D.s per thousand population (SURG*) are entered separately.
It is argued in Chapter II that it is nqt clear a priori whether more non-
surgical M.D.s per thousand population increases the use of hospitals (since the
cost of medical care is cheaper and mofe of all medical care is purchased) or

decreases the use of hospitals (since hospital care>and out-of-hospital non-
surgical M.D.




care ﬁgy be a;ternative means of improving oﬁe's health); Since thé

.care provided by medical doctofs specializing in surgery is hospital-using,
a larger SURG* is expected to be associated with a greater admission rate.
Surgical and non—sﬁrgical hospital treatment areAless expensive to the

patient, the greater the extent of insurance coverage.

Insurance (HSB/C)‘and.surgeons (SURG;).héve significant positive
effects and the insurance—éurgeoﬁ interaction va?iablé has a significant
ﬂ:negétiveneffect on the admission rate. The number of non-surgical M.D.é
vhas no effect‘on hospital édmiésions. The significant negative slope)for
the insﬁrance—éurgeon interactiqn variable says éhat tHe»efﬁect on the
admiséion rate of an extra surgeon:per thousand population iéVsmaller
the greater the amount of insurance.. Tha;iis, the more insufanée benefits
the SMSA receiveﬁ)the greater the amount of ho;pitaiization; but this
incrementél effect is smalleEbthe larger the number of surgeons per capita.

This negative effect is contrary to our expectations.' The effect on admissions

. P . ' 1
of the number of surgeons is positive at the mean level of insurance.=—

l-/For Table III-3, regression 2, since HSB/C = 50.5, '

. 9Adms*
3Surg*

469.1 + (~7.615) (HSB/C) = 84.5




)
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. Me@ion family income in the.SﬁSA has ainegative effect on
hospiﬁal admissions. Tﬁis may be due to the higher oalue of time for
families with grester income and the substitution of.loss time consuming
out-of-hospital care for in-hospital treotment. It may also reflect a

greater efficiency in producing health outside of the hospital on the

- part of those with more schooling.l/

1/

~'The average median family iocome is $5,808, and Fhe standard deviation
is'$838. The equation says that going from én SMSA with a $5,000 median
family income to one with a 56,600 income dec?eases admission rates by
>37 per thousand per &ear.' (Inc is "in thousands of dollars.) - The eias-
ticity of‘admissions with respect to income at the mean is -0.78 .

Source: Table 11I-2, regression 2.

The proportion of the population of the.SMSA who are nonwhite has
a significant positive effect on the rate of admission té short-term general

hospitals. 2/ The effect occuro after controlling for median family income,

SINWT 0.938. The mean and standard deviation of percent nonwhite

are 10.68 and'10.§1fespectively. A ten percentage point increase in the

proportion nonwhite increases the admission rate by 9 per thousand population.

among otﬁef variables.
There are two possible interprekations'of the nonwhite effect.

First, since nonwhites are on the average poorer than whites, for two

SMSAs Fo have the same median income, the one with the ;arger percent nonwhite

has a lower mean and a larger variance of income. A simplg . S
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non-linear Engel curve for hospital admissions could generate
a negative partial effect on admissions for the variable percent

' 1/ , . S , A
nonwhite.*j Second, ceteris paribus, nonwhites have higher hospital

1/

—'For the ith family let

. )
F\dmi =a + = ’Ii + a2Ii

o .
where ao > 0, al >0, a, <0.

Computing the mean of both sides of the equation_>

A =
Lqm cag ta T +a,(I7 +Var(D) |
'~ where Var(I) is the variance of family income. A larger income reduces
‘admissions if 9Adm a, + 2a,I < 0 or if -a > a.T. The empirical
_ _ ST 1 2 1 2 ‘

~analysis’'did find that larger median incomes reduced admission vates, and o

)

- mean and median incomes are highly correlated across areas. ‘A larger variance

of income (mean constant) reduces admissions as long as -a, < 0.

admission rates than  whites.

‘ﬁ'

+- SMSAs with colder winter temperatures

2/

have higher hospital admission rates.—

2 .
—/This effect is not due to regional differences. Dummy variables for South
and New England were statistically insignificant and do not alter the climate

effect.

7

.

Ef7' (== Attempts to find a medical center effect on admissions were unsuccessful.

In Table III:}, regression 1, the number of medical students per hundred thousand

population is insignificant. Other attempts using variables for medical schools =



age

"
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and the extent to which the SMSA is a center for trade and commerce

were also unsuccessful.

c. Endogenous Explanatory Variable: The Bed Rate
While it may be appropriate for a short-run model to view the

bed rate as exogenoui)this is clearly not correct for a long-run model.

'Economic theory predicts that in the long run the bed rate is a positive

function of the admission rate. Using the observed bed rate rather than

the predicted bed rate biasés the effect of beds on the admission rate.
Table III-¥ presents the estimated admission' rate equation for

the long-run model using the prediéted bed rate and without the occupancy

rate variablé.lJ The predgcteé bed rate has a significant positive effect

on the admission rate. A one bed per thousand increase in the bed rate

1 . . ey s e . . .
.—/The interpretation of the statistical significance and direction of efiects

of the other (exdgenous) variables is the same as in Table III-3, except that

percent nonwhite becomes statistically insignificant. -

<% - increases the admission rate by 13.2 per thousand.

This implies a long-run response elasticity of admissions to beds of

2/

O.Hf. —'  This elasticity is larger than the response of admissions to beds

Z/The elasticity of admissions with respect to predicted beds is

ep,b _ ZMdms _ AAdms. Beds _ ' 5.9,
- ZABedS - ABeds A.a‘l’._l-s - (13 "7) (17;’-’) = 0-4' .
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Table III-4

Two Stage Least Squares
Analysis of SMSA Differcnces in Hospital Admission Rates
' Dependent Variable = ADMS*®
N =192 SMSAs

Varisbles . coefficient - t ratio
BEDS® - S 13.176  5.30
HSB/C S -7 1.290 - 2.04

~ SURG* _ 261.804 . 279
HI*XSG* -3.189 -1.79

CINC | ~18.419 ~ =4.53
JANTEMP ) - -.659 -2.66
MSTYC | - -7 -1.75
ZNWHT | S 136 0.56
IBR . | =044 . 1=0.29
%FEMAL | : . -21.363 S -2.79
ZM1039 - -25.924 -3.28
AULOS 4 | 0 -31.978 - -3.48

. EM55 : -23.291 - =2.73
%F1039 - S 24.003 3.07
%F4054 , | 28.831 3.00
%F55 » 20,741 2.52
const. ' .1372.16 - - 3.10

A . .
. Beds* = Preodicted Bed Rate -- using exogenous variables in this
table and in Table B-9, #2. ) : o

Source: See Appendix A.
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in the short-run model where the bed rate is viewed as an exogenous

variable.l/
l~/'1‘i1e elasticity of admissions with respect to observed beds is
ZAAd 5.2
€p,b =-zABe‘d“z = (1L.2)GE5) = 0.34.

Source: Table III-3, regression 2.

Thus, there is a '"beds effect" -- more beds, ceteris paribus,

mean more patients (admissions) will occupy the beds. Since the elasticity
is less than unity, the occupancy rate decreases, or the length of stay
increases in response to an increase in the bed rate not due to

an increase in admissions.

-d.  Summary

The empirical estimation of the admission fate equation indicates
a significant negative effect of the (predicted) éccupancy rgte on
the admission rate; A one percenfage point.increase in tﬁe océupancy
rate dccreaseé the admission rate by 4.4 per thousand population.

There is also a positive effect of the bed rate on the admission rate.

(sLo—fé Alean M oc,z 6()

A one bed per thousand increase in the observed stock of beds increases

admissions by 11.2 per thousand; the elasticity at the mean is +0.3H.
When the bed rate is treated as an endogenous variable (the long run
model), the elasticity is +0.4).

The "hospital and surgical insurance" variable and the ﬁumber
of‘surgeons per capita have positive effects on tﬁe admission rate.

However, there appears to be no relation between the number of
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non-surgical MDs and the admission rate. . o | imf
Medién family income is negatively gorrelated with adﬁissions,
with an elasticity of —0.78. SMSAS with a h;ghér proportion of the -
population nonwhite and with colder winter climates ﬂave higher
hospital admission rates. The attempt to identify a medical center
effect on the admiésipn rate was not successful.
The.empirical analysis indicates that hospital variables (occdpancy
‘rate, bedrraté), hospital insurance, surgeons per capita, income,
" c¢limate and demographic variébleé all ﬁlay a role in detérmining a
Standard Metropolitan Statistical Area's admission rate for short tern
gegerai hoSpitals.‘ |

[

3. Bed Rate Equation

' This section presents the empirical analysis of SMSA differences e

B

7 in the number of short—term_general hospital beds per thousand population.l/

u)

‘The explanatory power of the ordinary
least squares equation is 76 pércent. The regression in Table III- 5

containfonly the variables with t-ratios greater than 1.0 in Table III-AT

Although the number of beds in an SMSA can be viewed as being fixed in the
short run, this is not an appropriate assumption for a long-run analysis.

The admission rate and the bed rate equétions are estimated simultaneously
because of their interdependence: a higher demand for admissions increases

the supply of beds, and a greater supply of beds increaseé the number of
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admissions. The mean énd standard deviation ofbthe bed rate are 5.2 and

2/

1.4 respectlvely, and the range is from 2.0 to 9.2.

Z/The data are for 192 SMSAs. See Appendix A.

The predicted admission rate has a strong ﬁositive effect on the

observed bed rate (Table I1I-5). The'elasticity of the bed rate with respect

to the predicted admission rate is 0.922/ Thus, a one percent increase
2/' ZABeds ABeds Adms 173 . :
€b, p. = ZhAdms AAdms BEds 0.028 ( = 0.92

in the adm3881on rate due to forces exogenous to the model increases the
. pn&thEi&m

bed rate by nine-tenths of a percent. The effect of Lhe[adm1q91on rate on
’ \
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Table III-5

"Two Stage Least Squares
Analysis of SMSA Differences in Hospital Béd Rates
Dependent Variable = BEDS#
N = 192 SMSAs

Varizbles . coefficient R £ ratio .
Abs - | .,028 9.63
INC : o ' ,106 | 1.32
MST*C , ©.0045 12.30
%NWHT - -.0065 =1.05
SPOPG6 ’ -162.704 , -0.99 o
SRHOSP o ~.011 ' -0.23 - o
%CHGPO L -+00068 ' ~0.35 W
EMERG* 1Y o - 5.16
ZSLEED | , 00023 . 0.07
%FDBED | 045 ©10.25
ZPRBED " L0026  0.38
AREA*C . . -.000012 -0.15
const. ' ' ; -1.641 -2.02
A |
ADMS® = Predicted Admission Rate -~ using exogenous variables

in this table and ir TAble B-8, #2,

Source: See Appendix.A.
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Table II.I—6

Two Stape Least Squares
Analysis of SMSA Differences in Hospital Bed Rates
Dependent Variable = BEDS#*
N = 192 SMSAs

Variables . . coefficiént t ratio
ADYS " L025 10. 44
MST*C L - .0055 ' 3.15
EMERG* | © 372 | ; 6.20
%FDBED . - 047 - 11.90
e S 137 176
OWHT . . -.0044 ~0.76
const. ' : S -1.961 : - =2.36
A .
ADMS = Predicted Admission Rate -- using exogenous variables

in this table and in Table B-8, #2.

Source: See Appendix A.
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the bed rate is, therefore, considerably stronger than the effect of

1/ :

the bed rate on the admission rate.—

1/

Recall from Part L of this chapter that the elasticity of admissions

with respect to beds was 0.4! in the long run model.

The model of the randomness of demand for hospital admissions

‘predicts positive'partial effects on the bed rate of our measure of

population size,v/——£>, and our measure of the number of hospitals,
- pop _

YHosp. In spite of the significance of these variables for explaining
SMSA differences in occupancy rates, they nlay no role in determining the
bed rate.

Theirandomness model of admissions also hypothesizes that the
number of beds in 2 community is a function of the probablllty that patients

2

will have to be granted a delayed or denied adm1551on. The gleater the

cost of a delayed'admissionjthe greater the demand for beds, ceteris paribus.

" &——— The cost of a delayed admission is greater, the more important are
N ~t

emergencies in the SMSA's health picture. An émergency variable (Emerg#*),.

measured as the death rate from ~~ "emergency'" causes per thousand population,
! gency P pop

is included in the bed rate eqnation;zj It has a significant positive effect

Z . .
They . ' . are arteriosclerotic heart disease,
strokes, motor vehlcle and other accidents, suicides and homicides.

on the bed rate.

In the full equation for the bed rate median family income has
’ ~d

an insignificant positive effect (Table III-§). When variables with t-ratios

--._;\
- .,,/)
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~ less than unity are deleted, income has a significant positive slope

(Table III—-é) and an elasticity of +0.12l/ This may reflect a positive

2/ ZABeds* _  ABeds* Beds*

%ZAINC ~ AINC INC

5.2,
(00137) (m) - +0012 .-

income elasticity of demand for "excess capacity" to reduce the probabilit
y P y P y

that a desired admissian will be delayed.gj

Z/The mean and standard deviation of income are $5,808 and $833, respectivgly,
Going_froﬁ an SMSA one standard deviation below the mean to an SMSA one
standard deQiation above the mean implies an increase of two-tenths of a.

bed per thousand population, or 223 beds'in an SMSA with a population °

of one million.

ABeds* = 0.137AINC = 0.137(1.63) = 0.223

INC is in thousands of dollars.

To test the hypothesis that SMSAs which serve as médical centers
haVe.larger bed rateﬁ)tﬁe analysis includes the variable.Fhe numbér of medical
students per hundred.thousand population (MST*C). It has a significant
positive effect. The slope coefficient implies that the addition of a
400 student medical school (lOOvstddents per year) to an SMSA with one-million

inhabitants increas2s the number of beds per thousand population by two-

3

tenths of a bed.or the number of beds by 220.
. ‘ ¢

2/ ABeds*

.0055 (4 HST%_C, ) = .0055(40) = .22 .
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‘Thé three explanatofy Qafiébles for administrative control
(the proportion of beds in federal, state and local, and prOprietary'»
‘hospitals) would have insignificant‘effects on the bed rate if beds
in these hospitals were perfect substitutes' for beds in Qoluntary hospi-
tals. Explicit barriers to admission or imperfect referral systems would
result in positive effects. The effetts are insignificant for state and
local and propriétary hosfitals, but positive and highly significant for
federal hOSpitals. This‘presumably reflects the required veteran status

for entry into federal hOSpitals.l A one percentage point increase in

1/

— Note that this positive:partial effect of the broportion of beds in

fgdarai hospitals on the bed rate cannot be exblained by federal ﬁospitals
attractipg admissions from outside the SMSA. The effect of federal hospitals.
- on édmiésions appeéfs in the predicted admissions variable in the bed rate

-~equation.

the proportion of beds in federal hoépitals increases the bed rate by
+0.047. However, if there were no response of non—féderal beds to an
increase in federal beds, at the mean, a one. percentage point increase in

federal beds would increase the bed rate by +0.055.2 An increase in

2The mean bed rate is 5.22 and the mean percent of beds in federal
hospitals is 10.64 percent. (Source: Appendix A.)

federal beds is associated with an increase in the overall bed rate, and

a decrease in ﬁhe non-federal béd,rate.3

Fapis
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(footnote 3 from previous page (III-24))

3stnce Boda® = 5.22 and ZFDBEDS = 10.64, FedBeds® = 0.55 and
NonFedBeds* = 4.664. A one percentage pbint increase in federazl beds
implies én increase ia FedBeds* by 0.067, if the nuﬁber of non-federal
beds is constant. However, a one‘percentage point inc;ease in the

percent of federal beds increases the bed rate by 0.047. Since

ABeds* = ANonFedBeds* + AFDBeds*, ANonFedBeds* = -0.20. For an SMSA

with a population of one million, an additicnal 134 bed federal hospital
decreases the number of non-federal beds by 40, for a net increase of

only 94 beds.

Thus, we reject the hypothesis that a bed in a federal hospital is a

perfect substitute for a bed in a non-federal hospital, -

The‘pr0portion of nonwhites in the population has no effect on
the bed rate. Réﬁall, however, tuat SM3Ag with more nonwhi?es have higher
admission rates and occupancy rates., The higher occupancy rate in SMSAs with
more nonwhites (holding the admission rate and bed rate éonstant) appears |
to be due to a longer length of stay of ncnwhites. The two remaining

variables, the rate of growth of the population and the area of the SMSA,

 appear to play no role in explaining SMSA differences in the bed rate.
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The empirical analysis indicates that thé bed rate varies i:)
systematically across SMSAs. The (predicted) hospital admission rate,
the importance of emergencies in the SMSA's gasé‘mix and the p;oportion
of beds in federal hospitals are the most important ;ariables and have
positive effects on the bed fate. SMSAs which are wealthier or serve

as medical centers tend to have larger bed rates, but these variables

are of lesser overall importance.




Appendix A
Data Appendix

Table A-1l, The Variables, prescnts a listingvof'the variables used

in this study, their symbols, and a code for the source of the data.

Table A-2, Sources, has the detailed bibliographic information on the

_sources. Table A-1l also presents the mean, standard deviation and

coefficient of variation for each of the variables for the sample of

192 standard Metropolitan Statistical Areas.

The empirical analysis.is performed for the samples of 192 and

201 sMSAs. Although the data exist for all 201 SMSAs, nine are

excluded to form the smaller sample because of either an excessively

large fraction of beds in federal hospitals oxr very long computed

lengths of stay.1 Either variable suggests the presence of long term

-pare facilities in the data.

1 B Percent of Beds

Average Length

in Federal Hospitals of Stay
(r) Nine SMSAS
Ann Arbor, Michigan ; _ 21.78 12.4
Augusta, Georgia 76.13 22.4
Durham, North Carolina 31.96 11.6
Galveston, Texas 8.71 13.6
Little Rock, Arkansas . 60.59 18.8
Providence, Rhode Island 7.30 18.0
Sioux Falls, South Dakota 36.70 lo0.0
Tacoma, Washington ‘ 0.0 23.6
Topeka, Kansas : . 60.96 22.0

. (B) 192 SiSAs
Mean : '0'64
Standard Deviation o 13,95'




Data on hospital and surgical insurance coverage per'capita or per
household dé not exist on an SMSA basis. State data are used to predict
the SMSA insurance variable. The inédrance variable is "total hospital
and surgical insurance benefits" in.the state divided by the populétion
of the state (HSB/C). States without SMSAs and across which there
is considerﬁble.cémmutation are excluaed frqm:thé state reéression.

This leaves a sample of 41 states. The equation used to predict
SHMSA values for'HSB/C is an inter-state weighted regréssion (see

Table A—3> - and is the "béest" equation obtained after experi-

nmenting with the data. The explanatory variables are the percent of

the state's labor force émployed_(a) by local governments, (b) by
the federal government, (¢) in manufacturing and (d) in white collar

jbbs._ The cocfficient of Getermination adjusted for degrees of free-

"dom is seventy percent..

),
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rTne viijoies . . B . f
Hospital Utilization

i

N = 192 SMSAs

Variable Name Symbol Mean Standard Coefficient - Source

(Units) Deviation © of

Variation
A) Endorenous Variables

1) Admission Rate (admissions P or 169.55 %0.38 24 T, Tables 2 and 3
ver thcusand) ADMS* ..

2) Occupancy Rate (W‘er?rcoJ{B OR 77.28 6.72 .087 T, Teble 2

3) Watural Log of Occupancy LnOR 4,3k ©,091 .021 7, Teble 2
Rate ’ . :

4) Bed Rate (beds per thousand) BEDS* 5.22 1.4k .28 7, Table 2

B) Exogenous Variables
: _ _ >

1) Pooulaticn of SMSA, 1966 POP 66 641.16 1237.6 1.93 7, Table 2 d
(thousands) : :

2) % Chancge in Population, % CHGPO 33.10 33.3b 1.01 L, Table 63
195G-1960 | . .

3) % Nen-white SNWHT - 10.68 10.50 .98 L, Table 63

4) Median Family Income me 5.81 .83 .14 4, Teble 1k2
(thousand $) o ﬁ '

5) % of General Hospital Beds %SLBED 15.82 18.36 1.16 T, Table 3

: which are in State and Local .

Government Hosvitals, 1967 - ) ‘

6) % of Gen=ral Hospital Beds %FDBED 10.6) 13.95 1.31 T, Table 3
vhich are in Feaderal . : '
Hospitals, 1967 - : _ .

7) % of General Hosvital Beds ZPRBED 4. k49 8.56 1.91 T, Table 3
which are in Proprietery :

Hospitals, 1967 ’

.8) South/Non-South dummy, SOUTH : .37 .18 1.30 3
Scuth = 1 . . '

9) lL.and Arca of SMSA “ AREA 1607.3 2421.6 1.51 6,

(in square miles)

1962, Table 3, Var. 1
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N = 192 SMSAs

Coefficient

Variable Name Symbol Mean Standard Source
(Units) Deviation of
- Veriation _

10) % of Labor Force Employed %TRADE 18.47 2.57 14 6, 1962, Table 3, Var. 34 &

in Wholesale & Retail ' ~
. Trade, 1960 :
11)Mean January Temperature, 1960 JANTHP 36.10 12.03 .33 6, 1962, Tahle 6, Var. L56

12) Number of Medical Schools MSCL*C .OLT .10 2.13 1l; and T, Table 2

© in SMSA per 100,000 population ' .

13) New England dummy, NENGL .057 © .23 4.03 ‘3.
Newr England = J.

1L) Non-federal General Practice  GFENMD* .51 12 .24 2; and T, Table 2
MDs and Medical Specialists ’ .
in Patient Care, per thousand
pooulation, in 1967 : _

15) The Square Root of the SRHOSP 3.20 1.92 .60 T, Table 2
Number of Hospitals .

16) Non-federal Surgical . SURG* .35 .090 .26 . 23 and T, Table 2
Specialists in Patient by
Cere, vper thousand A
ropulation in 1967 o

17) % of Males, 10-39, in 1960 241039 43.73 3.48 .030 5, Table 20

18) % of Males, 40-54, in 1960 M4054 1T. b7 1.6T .026 5, Table 20

19) % of Meles, 2 55, in 19690 M55 15.51 3.k5 .22 5, Table 20

20) % of Females, 10-39, in 1960  %F1039 43.35 2.84 .066 5, Table 20

21) % of Females, 40-54, in 1950 - Zr4054 17.hk 1.57 .090 5, Table 20

22) % of Females, 2 55, in 1960 %ZF55 . 17.h2 3.68 21 5, Table 20

23) % of Population, Female, 1960 77EMAL 50. 86 1.16 .023 5, Table 20

24) % Chanae in Population, FCHGPO2 - 2201.0 7218. 3.28 i, Table 63"
1050-12€0, Squared ,

25) Land Area of SMSA (in square  AREA*C 559.50 T786.24 1.41 6, 1962, Table 3, Var. 1;
miles) per 100,000 vopulation - and T, Table 2

26) Deaths from Arteriosclerotic  HEART* 2.51 .78° .31

Heart Disease, Including
Coronary, ver thoussand
population

T, Table 2; and 9
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Hosvital {: 1ization . -
¥ = 192 SMSAs ~

Variable MName Symbol Mean ' Standard Coéfficient Source
(Units) - Deviation of :
o - Variation

(27) Deaths from Vascular Lesions STROKE* ©1.00 . .27 .27 7, Table 23 and 9
affecting Wervous Svstem - : ‘
Strokes ver thousand
vonulation . »
(28) Deaths from Motor Vehicle MOTOR* .21 .068 .32 7, Table 2: and 9
Accidents ver thousand - ) ‘ :
ponulation :
(29) Deaths from Other Accidents  OTHACC* .29 .061 .21 7, Table 2: and 92
_ver thousand ponulation . : o . - ‘
(30) Suicide per thousand sSuIC* T -.037 .36 7, Table 2; and 9
voonulation ' . ' :
(31) Homicide ver thousand : HOMIC* . .050 -.037 .74 7, Table 2:; and 9
nooulation -
(32) Deaths from 6 Leading EMERG* L.16 .93 .22 7, Table 2: and 9
Fmergencyv Situations
(Sum of variables (26) to (31))

(33) 1Insurance X Nuwber of Non- HI*XMD#* - 26.40 10.58 .40 2; 6, 1967, Table 3,
surgical out-of-hosnital : ~ Var. 24, 25, 58, and 60
Physicians ver thousand . ‘ : . and T, Table 2

. nonulation ((39) x (14)) -

(34) Number of Medical Students MST*C 14,96 32.53 - 2.17 ' 1; and T, Table 2

' ver 100,000 vopulation _ .

(35) Total Deaths ver thousand  MORT¥ 8.91 1.6k .18 7, Table 2; and 9
ponulation o ' . ' .

(36) Live Births per 1000 LBR - 93.81 16.06 17 5, Table 20; and 10

: wonen aged LT-U6, 1967 '

(37) Wumbers of Medical Students ST/SH*C 12.98 29.91 2.30 1; and 7, Table 2

per Medical School, ver .
100,000 population
(0 if schools =0) : .
(38) Sauare Root of l/vovulation SPOP66 .0019 .00072 .42 T, Table 2
1966 (vorulation not in S -
thousands )
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'Hospital and Surgical Benefits Per Capita

n=J

Table A-2

L,,
Number of Observations,
41 States
Variable Name Standard Coefficient Source for state
} (units) Symbol Mean Deviation of Variation and SMSA data
4A) Endogenous
Variable
1) Hospital and 4, Tables 9;-6, 1967,
Surgical Bene- HSB/C 41.65 10.69 .26 Tables 1 and 3,
- fits per capita ' Variables 23, 24,
' 25, 58, and 60; 7,
Table 2; and 8.
B) Exogenous
Variables
1) % of Employed , 6,.1967, Tables 1
. dn 1960, in ot are _ and 3, Variables
— Manufacturing ALVIAXI"‘UF 22.81 10-14 .44 23 and 24
= in 1960
2) 7% of Employed . 6, 1967, Tables 1
in 1960, White ZWC -38.92 4.54 W12 and 3, Variables
- Collar in 1960 23 and 25
3)inzlggoEmgioyed : >:6, 1967, Tables 1
i 4LOCAL 6.79 1.07 .16 . and 3, Variables
Local Govern- o 23 and 58
ment in 1962
4) % of Employed _
in 1960, in 6, 1967, Tables 1
Federal Go- ZFED ©3.92  2.20 .56 and 3, Variables
vernment in : . 23 and 60
1965
5) % of Popula~ _ v
tion not In  oyorousa  48.30  24.80 .51 ‘4, Table 18

)

an SMSA, in
1960

States Excluded:

(a) No SMSA's:
(b) Substantial commutation across state borders:
Connecticut, Virginia, Maryland, and District of Columbia

D) Weighted Regression (weighted by state's pcpulation)
HSB/C = _38.992 - 2.5774(%LOCAL) + .7215(%MANUF) + 2.1672(%WC) -~ 1.3556(%FED) .

Vermont, Idaho, Wyoming, and Alaska.
New York, New Jersey,



Arrendi [:73 THRLES

Analy51s of SMSA Differences 1n Bed Occupancy Rates

:j‘ Table 5 - -1 -
Dependent = LnOR
N = 192 SMSAs
1. OLS : 2. 2SLS .
= W/ADMS* (Table 3 -4, #2)
* Variables coef. t ratio coef. t ratio
ADMS* .00034 1.44
ADMS* | .00094 . 130
BEDS* -.022 : ~3.02 -.035 -2.11
SPOP66 -41.177  -3.27 -52.209 -2.91
SRHOSP -.012 -2.71 ' ~.013  -2.80
HSB/C .00054 0.78 .00033. 0.45
INC -.0023 ~ -0.18 ©.00068 0.05
© SNWHT .0018 2.61 .0017 2.36
$CHGPO -.00037 -1.69 -.00038 ~1.69
JANTEMP -.0027 -3.28  -.0027 -3.30
PR -.00061 -1.49 -.00058 -1.37
LFEMAL .0029 . 0.13 013 0.52
¥M1033 -.017 : -0.70 ~.0041 . =0.15
14054 -.083 -1.58 o -025 " -0.73
W55 -.0091 -0.36 .0031 0.10
1039 .021 0.90. .0094 0.34
4054 .052 1.81 ' .034 0.95
¥F55 .013 0.54 .0025 0.09
% SLBED .00043 1.34 .00045 1.37
 %FDBED .00090 1.44 .0014 1.65
$PRBED -.00091 -1.26 ' -.00095 -1.28
. NENGL -.041 -1.69 . -.039 -1.56
~ const.’ 4.066 3.29  3.481 2.45
2 . 4346
SOURCE: See Appendix A




Analysis of SMSA Differences in Bed Occupancy Rates {:)
Table 5 - 2 - .
Dependent = LnOR
N = 201 SMSas

1. OLsS 2. 2SLS
» ' W/ADMS* (Table /3 -5, #2)
Variables coef, t ratio coef. t ratio
 ADMS* -.00011 ~0.58
ADHS* .00036 .070
Beds* ~ -.0016 -0.37 -.0079 -1.04
SPOP66 34,900 -2.75, -46.453 ~2.70
SRHOSP -.012 -2.75 -.014 -2.89
HSB/C .00074 1.06 .00063 0.88
INC .00010 0.008 .0023 0.17
§NWHT .0018 2.46 .0016 2.10
$CHGPO -.00044 -1.98 -.00048 -2.10
JANTMP -.0021 -2.63 -.0019 -2.26
LBR -.00039 -0.96 -.00032 -0.76
SFEMAL .0097 0.46 - .016 0.71
+M1746 ~.0088 ~0.39 .00074 10.03
$M4761 -.036 -1.34 -.020 - -0.64
| %M62 .0020 0.08 011 0.43
%F1746 .017 0.76 .0077 0.31
$F4761 .043 1.53 .08 0.85
$F62 .0044 0.19 . - -.0040 -0.16
$SLBED .00043 1.36 .00050 1.53
$FDBED .00046 0.82 .00072 1.14
LPRBED -.0013 -1.70 -.0013 -1.77
NENGL -.031 -1.29" -.027 -1.07
const. 3.448 3.05 3.113 2.61
R? .4009
Source: See Appendix A




.

- Analysis of SMSA Differences in Bed Occupancy Rates
~ Table [3 - 3 -
Dependent = LnOR
N = 192 SMSAs
1. 2SLS 2, 28LS
W/ADMS* (Table [3 -6, #1) W/ADMS* (Table B -6, #2)
' Variables coef. t ratio coef. t ratio
ADMS* .0010 1.39 .0015 1.94
BEDS* -.035 -2.11 -.038 -2.61
SPOP66 -53.017 -2.,92 ~78.556 ' -3.54
SRHOSP -.013 -2.70 -.016 -3.26
HSB/C .00019 0.26
INC .0024 - 0.17 _ _
LNWHT .0018 2.47 .0017 2.23
SCHGPO -.00037 -1.61 -.00035 ~1.65
JANTEMP -.0027 -3.23 -.0028 -3.91
~LER ~.00061 -1.46 -.00055 - -1.22
“srEMAL ~.o14 - 0.56 021 ' 0.80
- tM1039 -.0036 -0.13 .012 0.37
4054 -.026 -0.74 -.014 -0.37
M55 .0072 " 0.24 .016 " 0.51
%F1039 .011 0.39 -.0058 -0.18
LF4054 .033 0.92 .023 0.58
YF55 ~.000052 -0.002 -.011 -0.36
$SLBED ©.00040 1.19
$FDBED ..0014 1.68
" %PREED ~.0010 -1.39
const. 3.329 2.33 3.112 2.18
r" SOURCE: See Appendix A



Analysis of SMSA Differences in Hospital Admission Rates
Table B - Y '
Dependent = ADMS* .

N = 192 SMSAs | “ 7 ”)
1. OLS 2. 2sLs
: " W/InOR (Table £ -1 #2)
ariables " coef. t ratio- ! coef, - t ratio
7OR -14.029 -0.60 '
OR : ~365.576 -3.28 i
EDS* 16.952 ' 11.09 {  10.703 .7 3.63
sB/C .768 | 1.10 2.379 2.08
ENMD* -61.644 .07 -86.295 = =0.67
URG* 226.056 . 1.88 . 534.509 2.67
I*XMD* 1.104 0.66 , - 2.016 0.81
I*XSG¢ - -3.442 -1.45 ~9.238 -2.36
NC -15.918 ~3.97 =19.934 -3.30
ANTMP -.767  =3.00 - -1.936 -3.75
SCL*C ' -17.794 -0.54 -37.462 ~0.76
T/ SH*C - -.090 | -0.77 .~ .058 0.33
TRADE 2.202 2.36 : .908 0.63
NWHT . . 307 1.24 '1.032 2.43
BR -.054 -0.39 - -.257 | -1.20
FEMAL -20.784 ' -2.89 ~24.660 - =2.31
MORT  -6.818 -2.38 T -4.769 - =112
M1039 ©-27.429 -3.62 37.719 ' -3.26
M4054 -29.156 -3.34 -55.118 -3.66
M55 -24.006 ~2.96 ' -33.789 -2.75
F1039 27.522 3.58 l 37.932 3.22
F4054 30.213 3.26 ~ 58.944 3.65
F55 © 24.798 3.10 ‘ 33.377 2.77
ENGL : _ | -15.230 -1.17
onst. '1218.73 2.91 . 2914.57 3.63
- R? .6784 '

OURCE: See Appendix A



