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Ahstract

THEORETICAL ASPECTS OF HOSPITAL REIMBURSEMENT:
A PRICE DISCRIMINATION MODEL

by

Chee Ju Oh

Adviser: Professor Michael Grossman

This dissertation provides theoretical expectations on
hospital decision making with respect to the change 1in
reimbursement rate. Applying the framework from price
discrimination monopoly theory, this study demonstrates the
conditions for the existence of equilibria under alternative
hospital reimbursement methods and utilizes these conditions

to provide theoretical expectations.

With CBR and in _case of cost-plus(r>1l) or full-payment

(r=1), increases in reimbursement rate lead to:

1) decreases in the number of private patients, thereby
raising private patient charges,

2) increases in the number of Medicare/Medicaid ;.-
tients,

3) increases in the expenditures on quality.
Therefore,

4) increases in private patient charges(cross-subsidy)

since dx/dr < 0 and dgq/dr > 0.
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With CBR and in case of underpayment(r<l), the changes

are ambiguous. By introducing fixed quality into the model,
quality effects are controlled, and increases in reimburse-
ment rate lead to:

1) either increases in number of private patients(decre-
ases in private patient charges:cost-shift) or decreases in
number of private patients(increases in private patient
charges:cross~subsidy),

2) increases in number of Medicare/Medicaid patients.

From above results and static analysis:

The introduction of underpayment may be or may not be
the cause of private price increase. It depends on the
viewpoints of hospitals when the government policy is
introduced. The size of private market which determines
patient-mix(8) at equilibrium and the operating situation
which determines the curvature($) of average costs are key
factors in clarifying the effects of government policy.

As socn as PPS!{R=rc or R=r+c) 1is introduced into the
unconstrained model, quality-access trade-off is expected in
Medicare/Medicaid patients. Increases in "R" 1leads to
decreases in the number of private patients, increases in the
number of Medicare/Medicaid patients, and decreases in the

expenditure on quality.
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INTRODUCTION

The aim of this paper is to construct conditions for the
existence of different stationary equilibria under alterna-
tive hospital reimbursement methods, and to provide theoreti-
cal expectation on hospital decision-making with respect to

the change in reimbursement rate.

Since the introduction of reimbursement policy in the
United States, several authors have analyzed the impacts of
the policy on the price of private patients, the quality of
care, and hospital costs. In this paper an unconstrained
price discrimination monopoly model is utilized as a standard

with which to compare various restricted models.

Max n = p(x,q)*x + r*c(x+m,q)*m - c(x+m,q)*(x+m)

where

price of private patients,

number of private patients,

quality of care,

rate of reimbursement,

average cost--i.e., total zcst/(x+m),
number of Medicare/Medicaid patients.

o xo

By introducing a restriction of "m=m(g)" into above

standard model, Sloan(1980) suggests the possibility of
"cost-shifting(dp/dr < 0)" in the case of cost-plus reimburs-
ement{(r>l). Later, Sloan & Becker(1983) observed '"cost-

shifting" in their empirical study. They argued that the

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



2
price differentials between private patients(x) and govern-

ment patients(m) were not justified.

But Hay(1983) and Foster(1985), by introducing a restri
ction of "fixed quality(q)" into the standard model, illus-
trate '"cross-subsidy(dp/dr > 0)" in case of underpayment
reimbursement(r<l). Foster demonstrates that '"cross-subsidy"

still exists even in the case of adding '"adjustment cost(

ng-h)z)" and "fixed price of government paid patients(e.gqg.,

PPf - R=zre)".

Recently Dusansky(1988) and Gertler(1989) introduced
"fixed number of total patients(z=x+m)" into the standard
model. While Dusansky observes "cost-shift(dp/dr < 0) " with
OLS estimation, Gertler argues the possibility of ''cross-

subsidy(dp/dr > 0)" by adding '"fixed price(R=r+c)'". Both

assume cost-plus reimbursement policy.

From the past studies, the following four fundamental

issues related to the reimbursement methods can be organized.

l. Existence of equilibrium
Can equilibrium be achieved in the case of cost-plus?
While many authors assume the existence of equilibrium,

Danzon(1982) observes infinite optimal level.
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3

Can equilibrium be achieved in the case of underpayment?

--Is it Adesiraple Lor hospitals to sustain losses on govern-
ment programs in order to generate greater revenue on

private sector services(e.g., Hay(1983)?

2. Cost-shift vs. Cross-subsidy

Cost-shift(dp/dr < 0): Reduction in government payment
leads to increases in the price charged to private patients--
cf., Sloan(1980), Sloan-Becker(1983) and Dusansky(1988). For
example, private insurance carriers argue that government
underpayment causes hcspital costs to increase. Underpayment
induces hospitals to impose higher charges on private-pay
patients, thereby resulting in higher insurance premiums, and

out-of-pocket payments.

Cross-Subsidy(dp/dr > 0): Reduction in government

payment leads to decreases in the prices charged to private

patients--cf., Hay(1983), Foster(1985) & Geritier(i989).

3. Production cost

Production inefficiency: There is no incentive for

minimizing costs since hospitals are reimbursed more than
average costs.--i.e., Cost-plus reimbursement contributes to

hospital cost increase(e.g., Enthoven(l1980) and others).
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4
Stabilizer: The more the prospective system constrains
hospital's revenue, the slower increases in hospital costs

are observed(e.g., Feder, Hadley & Zuckerman(1987)).

4. Quality of care(in case of increasing "r")

Quality decrease(dq/dr < 0): Increases in reimbursement
rates induce hospitals to lower quality(e.g., Dusansky(1988).
Quality-Access tradeoff, e.g., dq/dr < 0 and dm/dr > 0, is

observed by Gertler(1989).

Quality increase(dq/dr > 0): increases in reimbursement
rates induce hospital to increase the quality of care--e.g.,
Nursing home administrators argue that increases in reim-
bursement rate can induce them to admit more Medicaid
patients and provide higher quality--i.e., dgq/dr > 0 and
dm/dr > 0. Under cost-plus reimbursement Sloan(1980) assumed

the possibility of dgq/dr > 0.

Strange 2s it may seem, there are always arguments and
counter arguments related to each of the four issues. What
make them lead to such different conclusions? Can the
different restrictions really induce them to different
results? Are there other interpretations or assumptions

employed to induce these results ?
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5
In this paper, we will start with the unconstrained
price discrimination monopoly model.

We construct the conditions for the existence of equilib-~
ria and utilize these conditions to deal with the above four
issues. Then, the rcstristions mentioned are introduced. At
this stage, testable questions are answered and possible
changes of the theoretical predictions are explored.

We hope that these conditions are utilized as criteria
toclarify the importance of the aforementioned arguments and

counter arguments for the develcpment of further studies.
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CHAPTER I--Unconstrained Model

The following chapter reviews the theoretical conditions
on the unconstrained price discrimination model and assesses
possible effects of cost-based reimbursement on hospital
decision making. A variety of restricted models are compared
to explain the differences in hospital pricing and output

policy.

A. Model

Assume that the hospital maximizes profits n and that it

has some degree of local monopoly powerl. Assume that the

hospital has two types of patients. Let "x" be private paid

patients and '"m" be Medicare/Medicaid patients who are paid
"
2

by cost-based reimbursement. Respectively "p" and "r*c are
price of private patients and the amount reimbursed by
hospital. Assume p=p(x,q), c=c(x+m,q) and that m and q are
independent. The hospital will therefore choose x, m & q to
maximize profits:

Max x° = p(xX,q)*x + r*c(x+m,q)*m - c(x+m,q)*(x+m) (1)

Xx,m,q
subject to x 2 0 and m =2 0

! Feldman & Dowd(1986) indicate that the hospital had monopoly
power in their market for Blue Cross and self pay patients.

! Where "r" is the rate of cost-based reimbursement. Let
r>l,r=1,r<l represent, respectively, cost-plus reimbursement, full
reimbursement, underpayment reimbursement. '"c" represents average

costs
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where

price of private patients,

number of private patients,

quality of care,

rate of reimbursement,

average cost--i.e., total cost/(x+m),
number of Medicare/Medicaid patients,
x+m(total number of patients).

RIanax
wWoHonononn

It is helpful to begin with the argument that government
expenditure and hospital profit are non decreasing functions
of marginal cost.

1. Government Expenditure

To start with, consider two alternative reimbursement
rates for the hospital: ry; > r; > 0

Let p;, ric), X and m denote hospital's price for
private patients, reimbursed price for Medicare/Medicaid
patients, number of private patients and government paid

patients when the reimbursement rate is '"r; P2, r,c,;, X; and
m, are defined similarly. When the reimbursement rate is "rl",
the hospital's choice at equilibrium will be x(thereby p,)
and m; . Thereby ¢ is its choice. But the hospital can choose

any level of x & m and if it chooses xz(thereby p2) and m,

instead of xl(thereby pz) and m; when r. is given,

pixp *rom - o (x +m) 2 px tnom - iy +m)  (1)-a

Similarly, i1f it chooses :q(thereby p;) and m instead of

xﬂthereby pz) andlw when r, is given,
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PiXy + rem - cy(x; +my) = P1X; + rpem - c(x; + m) (1)-b

Adding equations (l)-a and (1l)-b yields

rlclml + r2C2m2 2 rlczmz + rzclml

or (]’.'2 - rl) C2m2 2 (I.'Z - rl) Cll'l'll
Since (r; - r;) > 0, cmy, =z cym. (1)-c
and r2C2m2 > rlclml (1)-d

Therefore, government expenditure is an increasing
function of reimbursement rate. This holds true even in the
case of decreasing average costs--i.e., if c, < ¢y, then m,
should be fairly bigger than m in order to get cm = cm.

.......... (l)-e

2. Hospital Profit
From the above case, if the hospital chooses xl(thereby

pl) and m instead of xz(thereby pz) and m, when r, is given,
PpX; + IOy - G (X + my) 2 pix + onom - o (x +m) (1)-b
For another illustration, if the hospital treats the same

number of patients even in case of increasing reimbursement

from-~-i.e., r, to r,,

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



9

PjX] + rem - cj(x; + ml) > p;X; + rieym - c (% + ml) (1)-t
Adding equations (l)-b and (l)-f yields

p2x2 + r2C2m2 - C2(X2 + mz) > plxl + rlclml - Cl(xl + ml) (l)-g

Therefore, hospital profits are increasing function of

reimbursement rate.

B. Equilibrium Conditions

With non-negativity restrictions, the €first order

conditions
(Kuhn-Tucker) of (1) are:

0

xx=pxx+p+rcz3m-MC <=0 (2)-a

or p( 1 -1/]e} ) +r e m-MC=0 (2)-b
or MR(X) - ¢ + (rm-x-m ) ¢, =< O (2)-c
where, |€] = absolute value of elasticity

3 Since x and m enters into cost function symmetrically,
.
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nf = rc+rem-MC =0 (3)-a
or (r - 1) ¢ v (rm- x- m) c, =0 (3)-b
{| - -
Mg = P X tr Cg m (x+m) Sq
= pgx + (rm - x - m) S <0 (4)

Non-negativity restriction and complementary-slackness
conditions should be added to each of the conditions to get
boundary solutions--i.e., xX=0 or m=0 or g=0. To deal with
effective reimbursement policy which leads x, m & g to be
positive at equilibrium, we mainly assume that each of the
conditions are equal to zero. But we will refer to the

situations in which non-negative constraints may be binding.

From (4), we see that the marginal revenue of quality
must equal the marginal cost of quality. Hence we will call

this condition "marginal gquality neutrality condition".

From (2) and (3), optimal x*U( thereby p*’U ) and m* are deter-

mined.

From (3)-b, {r - 1) c + (rm- x-m) ¢, = O:

If r < 1, then (r-1)c < 0 and (rm-x-m) < 0, in order to
satisfy this FOC, ¢, must be smaller than zero. This implies

that, with "underpayment'”, the hospital should operate in the
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phase of decreasing average costs to get the optimal number

of private patients and Medicare/Medicaid patients

If r >1, then (r -~ 1)c > 0, thereby (rm-x-m) ¢, must be
smaller than zero to get equilibrium. In this case, there are
two ways of getting (rm-x-m) c, < O:

First is ¢; > 0 & (rm-x-m) < 0 at equilibrium --i.e.,
relatively big number of private patients at equilibrium.
Because x* are bigger than (r-l1)m*. This implies that, under
“cost-plus'", the hospital should operate in the phase of

increasing average costs to get the optimal number of private

patients and Medicare/Medicaid patients  ......... (6)

Second is €, <0 & rm-x-m >0 at eq.. ~-->relatively small

number of private patients at equilibrium, because the
absolute value of (r-1)m* is bigger than that of x*. But this
is not the way of achieving equilibrium. The reason is :

From (3)-b, (r -=1) c + (rm- %~ m) ¢, < O

By rewriting this:
(r-1) ¢ + (rm~x-m) d(TC/z) / dz = O
where TC = c*z
Which can be expanded:
(r-1) ¢ + (rm-x-m) (MC z - TC)/ 2!

= (r-1) ¢ + (rm-x-m) {(MC/z) - (Tc/z!)} =< O

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



12
By multiplying z:
(r-1) ¢ z + (rm-x-m) (MC-c¢)

= (r-1) ¢ z - (rm-x-m)c + (rm-x-m) MC

= ¢ {(r-1l)z (rm-x-m)} + (rm-x-m) MC
= c(r? ~ 2 - rm + z2) + (rm-x-m) MC

= ¢ (rz - rm) + (rm-x-m) MC

= c rx + (rm-x-m) MC = 0
Thereby
(rm-x-m)MC = - ¢ rx
ind
(rm-x-m) = ~(c/MC) rx

Therefore, (rm-x-m) can not be bigger than zero. (6)-a

Generally, the results of (5) and (6) can be expanded

around any level of "r'". We can infer that if r, > rp >0,

then z; > zj--i.e., dz/dr > 0 as long as the hospital is

operating at equilibrium. (6)-b

To ensure maximization, let's exzxamine the second-order
condition. From FOCs((2),(3) & (4)), the second partial

derivatives are found to be:
b

Ty = Py® ¥2p; - 2¢, 4 (rm-x-m)c,, (7)
JHJ = (r-2)ec, + (rm-x-m)c" (8)
xmf = 2(r-1)e; + (rm-x-m)c,, (9)
nma = PyX tPg ~ Cg ¥ (rm—x--m)czq (10)
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7‘l:qﬁ =

g Pgg® * (rm-—x—m)cqq (12)

(r-l)cq + (rm-x-m)czq (11)

=]
1}

So that we have:

. v .
Nxx Nxm Nxq

HU| - nfr’m ngm 'qu
U U U

Nxqg Npg Nagg

PR

.......... (13)

The second order sufficient condition will thus be duly

satisfied, provided we have:

"xxu < 0, nmu <0 & nqqu <0 (14)
lHUZI = (”xxu "'mmu - (""xrnu)2 >0 (15)
|HY < o (16)

With respect to SOCs, o < O, xqqu < 0, (15) and (16) can
be achieved through the assumption that private patients'
demand is concave and |p,x +2p;| & |pqqx| are relatively big.
For example, if a hospital faces a small volume of private
demand(thereby (rm-x-m)>0) and cost-plus(r>l) ics given to
them, then x.ma = 2(r-l)c:x + (rm—x-m)c“ is always bigger than

zero. This will induce the hospital to treat Medicare/Med-
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icaid patients infinitely. Danzon(1982)'s argument4 is
supported in this example. An interior equilibrium can be
surely achieved in the case of cost-plus reimbursement as
long as FOCs and SOCs satisfied.The existence concave and
sizable volume of private demand(x) is indispensable for a
reimbursement policy to lead to an interior equilibrium.

With underpayment(r<l), if the hospital operates on the
stage of increasing marginal cost, xmfs = 2(r—l)c‘ + (rm-x-
m)c,, is always less than zero. So in this case, as long as
|p“x+2px| & |pﬂx| are relatively big, we can get equilibrium
even without making an assumption of nmu < 0. And, in this
context, Hay(1983)'s argument6 is supported. But, if new "r"
is given lower than "reserved reimbursement" and this always
leads to nJ = rc+ rec,m- MC < 0 at any level of
positive "m", then the hospital will start to dump out

Medicare/Medicaid patients. Hospital would not want to treat

any single number of Medicare/Medicaid patients--e.g., m=0.

C. Comparative Statics

Totally differentiating (2), (3) & (4):

f " In the absence of constraint, optimum prices -‘cost' or
charges - are infinitive."

5 If MC is increasing, MC, > 0 thereby r MC, < MC,. this
implies rc,z + 2rc, - ¢;Z2 — 2¢ < O0--i.e., X < -re,x < 0.

8 In case of underpayment, " the hospital would make even less
profit if it did not provide the government services a loss."
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u u
[nxx N xm nxgq dx E.rU
U U
Txg Tag Tdg dq E{
........... (18)
where
T _
E' = - mc (19)
EmU = - (c + mg) (20)
1 \
E:q = - mcg (21)
Using Cramer's rule, we can express dx/dr as
(c+mc,) nfp nlg
ax _ | - Cg ﬂ‘gq qu
ar | H V|
.......... (22)
Using Laplace Expansion, we can express dx/dr as
- 7 ] 0
dx/dr = x; " { - (etmey) =’ + meg Xy }/ |HU|
+ (- x.‘qu) { -mc, anu + mc, xm: } / |HU| (23)
+ R {omep x4 (etmey) xg 3/ |H|

i.e., as a sum of three terms, each of which is the product

0of a third-column element and its corresponding cofactor.
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If we assume addictive functions on price and average

cost equations--e.g., p=p(x) + @(g) and c = c(x+m) + B6(q),
= 0.

then Bq = Pg = 0 and c,, = ¢

q q:

Then (7), (8) & (9) are intact and by assumptions on

SOCs
0 - - _— -
Ry = PpX t2p,- 2c; + (rm-x-m)c,, < 0 (7)-a
b _ - —_— -
g = (r 2)c‘ + (rm-x-m)cy, (8)
U - - _——
Rog = 2(r l)cz+ (rm-x-m)c,, <0 (9)-a
But
xmn =Py - S (10)-a
xyg = (r-1)c (11)-a
U - —— -
Tyg = Pgg¥ + (rm-x m)c% <0 (12)-a

1. In Case of Cost-Plus Reimbursement(r>1l)

With cost-plus( r > 1) reimbursement, c, > 0 by [5).

}H
U =

Thereby Rop (n“ -r c,) <0 (8)-a

From (4), Pg - S = - (r-1) (m c@/x

q
r >1 & Cq > 0 by assumption,

n = (Pg = ¢) <0 (10)-b

and  =®' = (r-1) ¢g >0 (11)-b

By rewriting (23)
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dx/dr |H'==, 0 (8} + (-x") {6} +x0 {2} (23)-a
where
& = - (ctm c,) anU tmoc xmu <0 (cf., ¢ > 0,(9)-a,
(11)-b & cq > C)
8 = - mc anu+mcq nmu <0 (cft., ¢, >0, (8)-a,
(11)-b & cq > 0 ),
2@ = -mg xmu + (c+mc,) xmu

=T mg (xmu - 7cxmu) tc nxnu

U

=-mcx(r:cz)+c1cm

= - rm (cz)2 + C nmn <0 (cf., (8)-a))
Thereby dx/dr = (sum of all positive terms)/[HU|

where |HU| < 0 by soc

Therefore, d"‘/d&ost-plus < 0 (24)
Using Cramsr's rule, we can express dm/dr as
gx - C g Tlgq
U U
xm (c+mc z) T ng
U U
dm _ Pxq - Cgq N gq
ar | H V|
......... (25)

Using Laplace Expansion, we can express dm/dr as

dm/dr = quu { (ctmc)) quu - mcg xmu } 7/ |HU|

RCIE SORERE CHE S CHE M VA o (26)

U U _ 4
+ xe { ome; xy (etmey) =, 3/ |HU|
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i.e., as a sum of three terms, each of which is the product
of a third-column element and its corresponding cofactor. But
(26) is too complicated to interpret directly. However, we
can infer that dm/dr > 0 in case of cost-plus. Let the
reimbursement rate be increased from ry to r, in cost-plus

case: ry > r; >1.
From (1)-~c, cm 2 cm and from (24), Xy < X
If m < m, then 2y < 24 thereby c; < ¢ (because ¢, > 0 in case

r >1 (cf.,(6)). This implies that if m <m, then c;m < cm.

But this is contradictory to (l)-c: i.e., cm = cm.

Therefore, at equilibrium, m, must be bigger than m in case

of increasing "r"--i.e., dm/d‘;-ost-plus > 0 (27)

A2

Using Cramer's rule, we can express dq/dr as

n¥x Tin -mcC,
19 nlp -(Cc+mcy,)

dg _ [n¥qs Tag -IC g
ar | H U]

........... (28)
Using Laplace Expansion, we can express dq/dr as
dg/dr = - m ¢ (x“u x‘qU - quu xuu ) / |HU|

t (e +me ) (xy xd - = =)/ |H (29)

- moeg (% Xy - (xg)l} /|H
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i.e., as a sum of three terms, each of which is the product
of a third-column element and its corresponding cofactor.
By rewriting (29)
dq/dr |HU|=-mc!{§'}+(c+mcx){9'}-mcq{ﬂ'}
=-mce (& -68') +cB' -mg, Q' (29)-a

q
where

3 = (nmu ,L“U - ,;xqﬂ 1“0) <0 (cf. (8)-a, (92)-a,
(10)-b, (11)-b ),

8' = (m," xp - m my) <O (cf. {7)-a, (8)-a &
(10)-b),
2' = {my) my! - (%)} >0 ( by (15) )
' - [ 0 U U _ 0 U 0 U
8'- 0'= myy My - Ryg A Ty Rgg t Ty P

- U U _ ] 0 0 _ U
= Xyg (R Tpg ) b Ryg (R Tp )
where
x, - U - - r ¢ < 0. This means | = U| > U] since
I m : . ) ™
both xuf and xmf are less than zero. Also, since xuU < 0, we

can infer that |xuu| should be bigger than !xﬂul to get n“U

T - (xg)? > 0 (e£.(15)). So, |%g’| > |xg'| > |®y'| and
thereby xuu < xmu < "‘nﬂ < 0.

Thus 8'- 68' > 0.

Therefore, dgq/dr = (sum of all negative terms)/[H”
where |H” < 0 by socC

Therefore, dg/dr > 0 (30)

cost-plus
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2. In Case of Full-Pay Reimbursement(r=1)

With full-pay( r = 1) reimbursement, ¢, = 0 by (3)-b.

Thereby xmu = Ky <O (8)-c
From (4), quu = Pg - G = - (r-1) (m cq)/x
where r = 1, so
%l = (Pg - c) =0 (10)-c
and n‘qu = (r-1) q =0 (11)-c
From (23)-a
dx/dr |H|= = {2 (23)-c
2 = -meg xnu + (ctme,) xmu

[}

- - U _ U
= m c, (Jc.Il xm) + ¢ Ry

[

=-mgc (reg) +czxy

=-rm(c) + eyl <0 (ck., (8)-a))
Thereby dx/dr = xqqn {2} /|HU| <0

where |HU| < 0 by soOcC

Therefore, dX/drfull-pa; < ¢ (24)-c

And by similar procedure{cf. (27)),

dm/ dr{u“_p“ > 0 (27)-¢

From (29)-a

dq/dr |H'|= -mc, { #' } +(c+mc) (B }-mc {2}
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:-mcx(Q'-e')"l’Ce'-quQ'

where
' = (xwU x“U - quu xuu) =0 (cf.anu = xmu =0 ),
8' = (1r.“U anu - quu nmu) = 0 (cf.nnqu = quu =0 ),
2' = {x," n' - (x )} >0 ( by (15) )
Thereby dq/dr = - m ch' /|HU|

where |HU| < 0 by socC

Therefore, dg/dr{m_pa’ > 0 (30)-c

3. In Case of Underpayment(r < 1)

With underpayment( r < 1) reimbursement, c, < 0 by (5).
Thereby Kxnu = (R = r ) uncertain (8)-d
From (4), P~ ¢ = - (r-1) (m cq)/x
r <1 & Cq > 0 by assumption,
quu = (pq - cq) >0 (10)-d
0 _ _ -
and Mg = (r-1) Cq <0 (11)-d

From (23)-a
0 = i 0 U
dx/dr |H'|= g (2} + (- L y { B} + xg (2 }
where
? = - (c+m cz) xmu + m Cq gmn uncertain (cf., ¢ < 0,

(9)-a, (11)-4d & c, > 0)

q
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uncertain ( cf., ¢, < 0,

8=-mcx1th“+mc7cu ;

g "1n

(8)-d, (11)-d & ¢, > 0 ),

q

- mec nmu + (c+mcx) x“U

Q

:—“-'cx (MU_I‘EU)_'_cnmU
=-mcx(rcx)+cnmu

v

= - rm (cx)2 + C Ty uncertain (cf., (8)-4))

The sign of d"/drunderpaynent may be bigger, smaller or equal

to zero (24)-d

and from similar procedure,

The sign of dg/dr

.nderpaypent—M2Y be bigger, smaller or equal

to zero (29)-4

Unlike the cases of cost-plus or full-pay, the sign of
dx/dr, and dq/dr are uncertain here. But, as far as dm/dr is
concerned, we can utilize (l)-c¢ --i.e., ¢gm 2 cm in case
of ry > r; > 0. From (6)-b, dz/dr > 0 thereby ¢ < ¢
(because the hospital is operating on the stage of decreasing
average costs here). Therefore, in order to get cm 2 cm,

m) should be bigger than m--i.e, dm/dry4 pamet > O-

Therefore, the sign of dq/druuderpment > 0 (27)-d

I1f we introduce some restrictions to the model, dx/dr

can be explained in detail.
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a. Fixed Quality Model: gq= E;(fixed)
If we introduce “fixed quality7" into the unconstrained
model(l), it becomes the same model of Hay(1983) and Foster

(1985):

Max =t = P(X)*x + r*c(x+m)*m - c(x+m,)*(z+m) (1)H
X,m
The first order conditions of (1)H are:

7r.H=(pxx+p)-c:-l-(rm--x—m)cx

=MR(x) - ¢+ (rm-x-m ) ¢, = 0 (2)H-a

x B = (r - 1)c + (rm—x-m)c, =0 (3)H-b

From (2)H-a & (3)H-b, the second partial derivatives are

found to be:

: S - —_—— -

Xy T PpX +2p,; 2¢; + (rm-x m)c,, (7)H
g _ - _— -

Xep = (r 2)e; + (rm-x m)cn (8)H
B = - —_——

Ry = 2(r l)cx + (rm-x m)c" (9)H

Totally differentiating (2)H-a and (3)H-b:

L In order to guarantee the minimum gquality of care, some
country can impose minimum quality law as a package policy with
underpayment.
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'n?x ﬂgm [d)(] E;I d ri
nly, nf,| dmnl  |EJH
............ (18)H
where
Ef = -mc (19)H
Ef = - (e +m c,) (20)H
dx/dr A = {-m ¢ H+(c+mc)xg}/DH
[quality fized : X 1/ T | D%
Let @f = -m c, qma + (¢ +m cx) xmﬂ
Thus dx/drjquity fieg = 2 /|0 (23)H

For the comparison with the unconstrained model, from (23)-a

dz/dr |H'|= m’ { 8} + (- m) (B} +x0 {2}
where

@ =-mc xy + (c+meg) n,

. . U H
Since the signs of ¢; yegstrained & S jquality fized - "o & Ty

and xmu & x“f are same, the signs of Q and gl are always

equal. And the sign of dx/drucmshuhﬁ = the sign of dx/dr]uﬂiﬂ

fized + " impacts from quality change".

In other words:

The sign of dx/dr " Pure Effect"” + " Quality Effect"

unconstrained
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Pure Effect

From (23)H

dx/drhuality fized = {-m c, xmﬂ + (¢c+m cz) xmﬂ} / |DH| (23)H
Let dx/dr]qnality fized = dx/drﬂ

So dx/drﬂ*|DE| = -mc x“a + (c + mcx) xmB

=-moe (' - oAgh) +oe

- - B
= mcx(r:c‘)+c1tnl

=-rm(cx)2+cx“

Now define:
CZ

o =

which measures the degree of convexity. Given that ¢, >0,

¢ = -(c,; 2)/c; since r <1 and thereby ¢, < 0 (cf. (5)).

and & = m/z means the share of Medicare/Medicaid patient of

total and represents patient-mix at equilibrium.

Then
Ryt = (r-2)c, + (rm-x-m)c,, (c£.(8)H)
= ¢, { (r-2) + cyz/c, (rm/z - 1)}
= ¢, { (r-2) - ¢ (rs - 1)} (8)H-a
Similarly
X = ¢ { 2(r-1) - ¢ (rs - 1)} (9)H-a
and from (3)H-b
c = - {e/(r-1)} (rm-x-m) = - {c;/(x-1)} (ré - 1)z
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where (rm-x-m)=2z(ré-1) < 0 by (6)-a. Thereby 1 - r8 > 0
for all "r" and for any & € (0,1).
Hence
dx/drE*|DB| = - rm (cx)2 + c xmn = - rm (c‘)2 + ¢ nma - re; ¢
= ¢ xgf + r(c)? z {(r8-1)/(x-1)} - (¢;)? z s

= ¢ xg + r/(r-1) () z {(r8-1) -(r-1)8}
c xna- r/(r-1) (cx)2 z (1-8)

By plugging ¢ & x|

= [{-¢;/(1-r)} (1-r8)z] [-¢; { 2(1-r) - ¢ (1-r8)}]
+ r/(1-r) () z (1-8)

= {¢}/(1-r)}z [(1-r8){ 2(1-r) - ¢ (1-r8)}]
+ r/(1-r) (c)? z (1-8)

=1/(1-r) (¢)? z [(1-r8){ 2(1-r) - ¢(1-18)}

+ r(1-8)]
where [ ... ] = - ¢(l-r5)2 + 2(1-r8)(1-r) + r(1-3%8)
Therefore
> >
dx/drt = 0 iff [ .... 1 = 0
< <
Hence

dx/drf > 0 if ¢ < 1/(1-r8)? { 2(1-r8)(1-r) + r(1-8)}

-r) , r(a-s)
rs) (1-r6)2

ax ; 4
H’f‘>0 if ¢ <

Now, for SOC to hold, ﬁmﬂ< 0
gmﬁ = ¢ { 2(r-1) - ¢ (rs - 1)} < 0:
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Thereby

From (a) & (b), the interval of § which satisfies dx/dr > 0

and SOC is:

2(1-r 2 (1
(g—rS)) <0< ('&—

(1-ro) (1-r5) (1-r6)2
............. (d)
or
2r(1-8) L r(1-8)(2r6-1)
2- Sr-Fsy- S 9 < 2 (1-r5)2

From total cost(TC=cz), marginal cost(MC) = ¢ + ¢, z and

MC, = 2¢;, + ¢, 2 = (2 - ¢) .

where )

Al v
N
-
AN v
(o]

iff MC,
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Therefore, the sign of dx/dr would be changed around MC,
= 0. But we cannot say that the sign wili be changed exactly
at MC,; = 0. For an example, if MC, = 0 {thereby Q = 2) and rd
> %, then dx/drﬂ > 0 at minimum marginal cost. But, if MC, =
0 (thereby ¢ = 2) and rs8 < %, then dx/dr < 0 at minimum
marginal cost.

Here, the operating situation of hospitals with under-
payment can be divided largely into three categories:

1) "Dumping": If "r" is given lower than "reserved
reimbursement rate'" of the hospital, then m=0.

2) Cost-sShifting: If "r" is given higher than "reserved
reimbursement rate”" of the hospital and ¢ satisfies the
condition "(e)", then dx/dr > O thereby dp/dr < 0. In this
case, marginal costs may be in the phase of decreasing,
minimum or increasing.

3) Cross-Subsidy: If "r" is given higher than the
"reserved reimbursement rate"” of the hospital and ¢ > 2 +
r(l-8)(2rs-1) / (l—r&)z, then dx/dr < 0 thereby dp/dr > 0. In
this case, marginal cost may be in the stage of decreasing,
minimum or increasing.

Hay(1983) and Foster(1985) observed "cross-subsidy" only
in the increasing marginal cost.

In the case of introducing adjustment cost( Foster
(1985))-- e.g., a(m-h)z, the only change with respect to the
analysis of comparative statics will be the additional term

of "-2a" to the (9)H:
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"’un adjustoent cost = 2(r-1)c; + (rm-x-m)c,, -2a (9)H-b

and the "-2a" is added as "negative" term(za*m*cx) in the
process of calculating dx/drunderpaynent' Therefore, the possibil-
ity of getting '"cross-subsidy" is increased by the introduc-
tion of "adjustment cost" with underpayment. However,if the
coefficient("a") of a(m-m)? is relatively small?, the basic

results discussed above are intact.

! since "-2a" is added as "positive" term(2a*m*c,) in the
calculation of dx/dr under cost-plus reimbursement. thereéore, with
tco big "a", "cost-shift(dp/dr < 0)" instead of "cross-subsidy(dp
/dr > 0)" would be expected in case of cost-plus reimbursement.
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CHAPTER I1I--Applications
In the previous chapter, we have shown how a hospital
selects the optimal number of private and Medicare/Medicaid
patients when certain reimbursement rates are given. In this
chapter, we will explore the possibility of applying our
results to other models, and providing the answers to

fundamental issues.

A. Sloan(1980) Model: g=q(m)

By introducing q=c_g(m)9 into the unconstrained model (1):

Max =° = p(x,q(m))*x + r*c(x+m,gq(m))*m - c(x+m,q(m))*(x+m)
X,m N @ B X

We can argue that xU(Unconstrained)_z xs(testriction of
g S

=g(m at equilibrium. As long as x' and x° have the same

functions of p=p(x,q) and c=c(x+m,q), any optimal choice in

§ 0

x° can always be in the choice set of =x'.

The first-order conditions of (1)S are:

(p, x +p) - c+ (rm-x-m ) ¢, = 0 (2)s-a

Xg = PgX *+ (rm-x-m)(cx + q,) + (r - 1) c

= Pg@pX + (rm-x-m)c, qp + (rm-x-m)c; + (r - 1l)c¢

} We use g=g(m) instead of m=m(g) only for convenience of
comparing with other models.
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= {pq X + (rm—x—m)cq} qQ + (r - 1)c + (rm-x-m)c; = 0 (3)s-b

We observe that equation (2)-a and (2)S-a are identical.
And if pg X = —(rm-x-m)cq --i.e., "marginal quality neutral-
ity" holds, (3)-b and (3)S-b are identical. The two models
generate the same number of x* and m* at equilibrium under
any level of reimbursement rate(r). Thus, as far as x* and m¥*
are concerned, we can utilize the results of comparative
statics of "unconstrained model" under the assumption
"marginal quality neutrality’, rather than that of this
complicated model. But "marginal quality neutrality" may be
or may not be hold. One cannot always satisfy this condition
and other FOCs simultaneously. This may be possible by

properly choosing "r

B. Applications to Related Issues

From (2)-b and (3)-a:

p(1-1/]|€] ) = rc at equilibrium (7)

where, |€| > 1 (because rc > 0 )

By rewriting (7)

p/rc = |€| / (]€|-1)
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Let je] / (]€]|-1) = k which is not fixed, but always bigger

than 1.
Thus p/rc = k > 1 (8)

Is this price(p= rc*k) bigger than pd (the price before
the introduction of "r"--i.e., uniform price)? Before the
introduction of "r":

Magzx8=pa(x8+mﬂ)-c5(xe+mﬂ)
P

F.o.c. xf = (2+md) +pb (xP+mh - udx? +mb) =0
Thereby (p! - mMc?) = -(xf + ml) / (x? + m})
by multiplying (1/p?),

(P - mch)y/pt = (2 e mB) /(R |ed ¢ )
where |ef| = |- xf(pyxa)|
l&'| = |- m(¥/m)]

B

By assumption m° = 010

or ef X ef at ecquilibrium,

(@ - uchy/el = 1/ |k

¥ por convenience. But for some countries, this assumption is
plausible.
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Therefore McB = pB{ 1 - (1 / b))} (2)-d

From (2)-b, MC = p( 1 - 1/le] ) +r c, m (2)-e

From assumption of constant elasticityll and (2)-d & (2)-e,

> >
P(1 - 1/|€]) + reym = PP (L -1 /]€]), iff MC = MCP
< <
> >
so, (p -P') = - rem*k, iff Mc = McP (2)-f
< <
where k = |€| / (]e|-1) > 1 and constant here

So, the sign of (p-pﬂ) depends on the sign of (MC - Mc})
and the sign of c, at equilibrium. After the introduction of
reimbursement( r > 0):

1) If marginal costs at the new equilibrium are bigger
than that of the old equilibrium( Mc > Mc!)!? and if:

a) the hospital is operating on the phase of
increasing average costs( c > 0) at new equilibrium, then the
new price(p) for private pay patients may be bigger or
smaller or equal to the uniform price(pB: before "r" intro-

duced). because (p-pB) > "negative value".

B .
iff MC > re g qilibrig s

e/
ANV
e}
Ay
=
Q
oo

1 Mcf can be bigger, equal or smaller than at equilibrium.
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b) the hospital is operating on the phase of
decreasing(or minimum) average costs--i.e., c, = 0 at new
equilibrium, then the new price(p) for private pay patients

is bigger than the uniform price, because (p-pa) > 0.

2) If marginal costs at the new equilibrium are the same

as that of old equilibrium{ MC = McP) and if:

a) the hospital is operating on the phase of
increasing average costs( c > 0) at new equilibrium, then the
new price(p) for private pay patients is smaller than the

uniform price(pB), because (p-pB) = "negative value".

b) the hospital is operating on the minimum average
costs ( ¢; = 0) at the new equilibrium, then the new price(p)
for private pay patients is the same as the unitform price,

because (p-pB) = 0.

¢) the hospital is operating on the phase of
decreasing average costs( ¢ < 0) at new equilibrium, then the
new price(p) for private pay patients is bigger than the

uniform price, because (p-—pB) > "positive value“,

3) If marginal costs at the new equilibrium are smaller

than that of the old equilibrium( MC < Mc?) and if:
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3) If marginal costs at the new equilibrium are smaller

than that of the old equilibrium( MC < Mc?) and if:
a) the hospital is opérating on the phase of
increasing(or minimum) average costs--i.e., ¢, 2 0 at the new

equilibrium, thenr the new price(p) for private pay patients

is smaller than the uniform price(pB), because (p—pB) < 0.

b) the hospital is operating on the phase of

decrzasing average costs ( ¢, < 0) at new equilibrium, then

14
the new price(p) for private pay patients may be bigger or
smaller or equal to the uniform price, because (p—p% <

"positive value".

B . B
iff MC < rc .t eqilibrioe "s" MC

o
ANV

e
Ally

From the above static results and comparative statics of the
previous chapter, we provide arguments related to the

aforementioned controversial issues:

4) The price of private patients is higher than that of

Medicare/Medicaid patients since p/rc = k > 1. The price
differentials--e.g., p-rc=(k-1l)rc, will increase as "rc"
increases since d(p-rc)/d(rc) = k-1 > 0. This implies that,

in case of cost-plus reimbursement, the larger the rate of

reimbursement(r) is given, the higher "rc¢" and "the price(p)"

charged to private patients are expected, thereby raising
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consumer insurance premiums and out-of-pocket payments.--
i.e., hospital costs increase. This is a counter argument

against private insurance carriers' cost-shift argument--

e.g., government underpayment induces hospitals to impose

higher charges on private-pay patients, thereby resulting in

higher insurance premiums and out-of-pocket payments.

5) As shown in the previous results in case of underpay-

ment, "rc" and "p" can be either increased or decreased by

increases in ''r Therefore, either cost-shift or cross-

subsidy can be observed. This is a counter argument to
Hay(1983)'s and Foster(1895)'s "genuine cost shift(cross-

subsidy) argument--e.g., private patients benefit £from

reduction in government payment.

6) The ratio of private patients' price(p) to government
paid patients’ price(rc) depends on the elasticity(|€|) faced
by the hospital and has no connection with the level of reim-
bursement rate(r). In other words, the price differentials
originate from "private demand" faced by each hospital, not
from cost-plus or underpayment policy. And this can be a
counter argument to Sloan(1983)'s argument--e.g., differen-

tial payment cannot be justified.

7) As shown in the introduction, there are two seemingly

different arguments on the cause of increasing hospital
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costs. While Enthoven(1980) and others argue that full or

cost-plus reimbursement has been the cause of increasing

hospital costs through increased rc", private insurance
carriers argue that underpayment reimbursement has been the
cause of increasing hospital costs through increased "p".
Since p/rc = k > 1, they are talking on the other side of the
same coin. If "rc¢" increases by 1 dollar, then "p" will
increase by k( >1 ) dollars. But we can not guarantee that
"rc" is always increasing function of "r". For example, with
decreasing average cost, increases in r'can lead to either

rc'" or decreasing "

rc".

increases in
8) quality-access trade-off in private market:
We provide the theoretical expectation that, under cost-
plus reimbursement, the increase in the rate of return on

Medicaid patient care induces hospitals to admit less private

patients and to increase the quality of care.
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CHAPTER III--Prospective Payment System
In this chapter, we will demonstrate what the changes
are by introducing prospective p.ayment system instead of

cost-based reimbursement.

A. Unconstrained Model with PPS

From (1), by setting rc = R(fixed) or r+c=R(fixed):
Max =} = p(x,q9)*x + R*m - c(x+m,q)*(x+m) (1)R
X,m,q
subject to x 2 0 and m =2 0

xxR = P;Xx + P- MC =0 (2)R-a
or p(1-1/]e}] ) - MC=0O (2)R-Db
or MR(x) - ¢ - (x+m)c;, = O (2)R-c
where, |e| = absolute value of elasticity
= R -Mc =0 (3)R-a
or R - ¢ - (x+m)cz =0 (3)R-b_
R = _ <
Ry = Pg X {(x+m) € = 0 (4)R
The second partial derivatives are:
R - - -
Ry = PpX *+ 2p; -2c¢; -(x+m)c,, (7)R
R - - -
Xyp = 2c, (x+m)c” (8)R
R _ - -
Xep = 2¢, (x+m)c” (9)R
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g = Pygk *Rg - o - (xtm)cy (10)R
R - - -

an - cq (X+m)c:q (ll)R
R - -

Xgq = PggX (x+m)cqq (12)R

Totally differentiating (2)R, (3)R & (4)R:

nfx Rfm nfq dx EAB
d
¥y Ndg &g 7 E§
........... (18)R
where
el = o (19)R
E} = -1 (20)R
qu = 0 (21)R
Using Cramer's rule, we can express dx/dR as
O n¥, 1%,
R
1 n8p o
R R
dx _ |0 Tag Tgg
arR | H R
............... (22)R
Using Laplace Expansion, we can express dx/dR as
- R R _ R R R
dx/dR = (= Xeq Ky %pq ) / |H (23)R
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If we assume addictive functions on price and average
cost equations, e.g., p=p(x) + @Q(q) and ¢ = c(x+m) + B(q),
tuen Pgx = qu = 0 and Ca = cqx = 0.

Then (7)R, (8)R & (9)R are intact and by assumptions on

SOCs
qu = pyX + 2p; -2¢; -(x+m)c,, <0 (7)R-a
xmn = -2¢; -(x+m)cy, (8)R
xmn = - 2¢c, -(x+m)c,, <0 (9)R-a
But
quR = Pg - S (10)R-a
nlqg = - Cq (11)R-a
R _ - -
Mg = Pgg¥ (Xﬂ“)cqq <0 (12)R-a
From SOC, nxnn = x“R < 0 (8)R-a

From (4)R, x.qu =P - ¢ T (m/x) g
By cq > 0 by assumption,
qug =(pg-c) >0 (10)R-b
and x“R = - <0 (11)R-Db

Thereby dx/dR = (sum of all positive terms)/[HR|

where |HR| <0
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In any case--i.e., cost-plus(R>c) or full-pay(R=e¢) or

underpayment (R<c), dx/dR < 0 (24)R

Using Cramer's rule, we can express dm/dR as
R
ﬂ, xx 0 7[ }x?q
ngm "1 ﬂgq
R
dm _ % O T fq

adr | H ®|
.......... (25)R
- R R _ R R R .
dm/dR =(-1) (=x, Xgq Ryq %gq ) / |HY| (26)R
where, ( R x R - R R) > 0 from SOC
v W Tgq T Ty .
Therefore, dm/dR > O (27)R
Using Cramer's rule, we can express dq/dR as
i, nf O
nly nfp -1
dg _ nfq nfq O
| H B
.......... (28)R
da/dR = (m}? = - xf xSy 7/ |HE (29)R
Therefore, dgq/dR < O (30)R
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B. CBR vs. PPS

1. Cross-Subsidy vs. Cost-Shifting

From p/R = k > 1, increases in R lead to increases in p,
thereby only "cross-subsidy"13 will be expected in the
Prospective Payment System. But in case of Cost-Based
Reimbursement, from p/rc = k, if "r" is increased, then "rc"
may be increased or decreased, therefore "cross-subsidy" or
"cost-shift" will be expected.

2. Quality-Access Trade-~Offt

With PPS, by intrecducing R= rc(or R=r+c), we expect

quality-access trade-offs in Medicare/Medicaid patients--

e.g., dx/dR < 0, dm/dR > 0 and dq/dR < 0. From R = rc or R=
r + ¢, if "R" is given and not changed for the time being--
e.g., 1 year, then the hospital wants to increase the mark-up
factor "r" by decreasing average costs(c). Since average
costs are a function of total volume(x+m) and quality(q), the
only way of decreasing average costs is to lower the expendi-
ture of quality because total volume( 2z=x+m) is a non-
decreasing function(|dm/dR| > |dx/dR|) of "R". Therefore,

quality-access trade-off in Medicare/Medicaid patients become

a built-in result as soon as PPS(R=rc or R=r+c) is intro-

duced.

Y Prom p=p(x,q9) and p/R = k, dp/dR = (3p/dx)(dx/dR)

(dp/3q)(da/dR) = k > 0. Therefore, we can infer that
|(dp/ax)(dx/dR)| is bigger than [(dp/dq)(dg/dR)|.
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With CBR, gquality-access trade-off in private patients is
expected--e.g., dx/dr < 0, dm/dr> 0 & dg/dr > 0 in cost-plus

reimbursement.

3. Introduction of Prospective Payment System
rc + reym = MC (cf. (3)-a: CBR)
R = Mch (cf. (3)R-a:PPS)

In order to compare the results of CBR with that of PPS, the

level of "R" is set equal to "re".
Then, Mc! = Mc - ECM «ovivnttnnatennenannns (31)
> < cf. underpayment
Mch = MC iff ¢ = 0 cf. full-payment
< > cf. cost-plus
and from (2)-c and (2)R-c
MR(x) + rcm = MC (cf. (2)-c: CBRj)
(2)-d
MR(x )R = Mt (cf. (2)R-c:PPS)
(2)R-d
From (2)R-d, (31) and (2)-4
MR(x)? = Mc? = MC - rem = MR(x) ..... (32)

Comparison of egs. (31) and (32) reveal that the
substitution of R for rc¢ induces hospitals:

1) to decrease total volume(z=x+m: X stay same), thereby

raising marginal costs and average costs in case of cost-plus
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reimbursement. However, there are no changes in private

market--i.e., X and p are not changed.

2) to increase total volume(z=x+m: x stay same), thereby
reduce marginal costs and average costs in case of underpay-
ment. However, there are no changes in private market--i.e.,

x and p are not changed.

From the above results, it can be readily inferred that
"production efficiency" can be achieved without distorting
the private sector simply by the substitution of PPS for CER.

Assume two hospitals(A & B): "A" is operating on the
phase of increasing average costs under cost-plus reimburse-
ment(r>1l) and "B" is operating on the phase of decreasing
average costs with underpayment policy(r<l). If we introduce
PPS instead of CBR, then "A" reduces Medicare/Medicaid
patients, thereby decreasing average costs ard "B" increases
Medicare/Medicaid patients, thereby decreasing average costs.
Hence some degree of production efficiency can be achieved.

I1f the decreased volume in "A" equal to the increased
volume in "B", then "budget-saving" can also be achieved

since RN=rB c% is greater than R3(=chB).
C. PPS vs. CBR with "adjustment cost"

If we introduce Foster(1985)'s adjustment cost:

¢y = ck(m-h)--e.g., a(m-h)z.
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FOCs with respect to "m",

CBR: rc + rcxlm‘ - ck" = Mct
PPS: R - ¢ '™ = MM
In order to compare the results of CBR with that of PPS, The

level of "R" is set equal to "rc¢".
Then, mch = Mc? - rcxlmll + (ck'A - ck'm) ....... (31)a

Mch mMc iff c}

ANl v

(ck A _ ck'“)/rml

v uAn

where ¢;' = d¢; / dm

Since (ck'A - ck'“) may be bigger, equal or smaller than
zero, the total volume(z=x+m) would be greater, equal or less
than its previous level (CBR case). Foster's argument--e.g.,
McR? > Mci-- is supported only in the case of (ck" - ck'm)/rmA
< 0.

From FOCs with respect to "x",
CBR: MR(x)a + rcxbma = Mct or Mc! - rcx‘mA = MR(x)a
PPS: MR(x)M = Mch
Then
MR(x)® = M = MO - rehmt 4 (ot - 'R

= MR(x)l + (ck'a - ck|Rl)

So MR(x)® = MR(x)} + (ck'l - ck=RA)
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Since (ck"‘ - ck‘“‘) may be bigger, equal or smaller than
zero, the price of private patients would be greater, equal
or less than its previous level (CBR case). Foster's argument-
-e.g., pRA > pl—- is supported only in case of (ck'A - ck'“) >

0.
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CHAPTER IV--Nursing Home Cases

Dusansky(1988) and Gertler(1989) introduced the patient
capacity constraint(x+m=B) into the unconstrained model. The
former treats the nursing home reimbursement method as CBR
and the latter treats it as PPS. In their empirical studies,
while Dusansky observed dx/dr > 0 and dq/dr < 0, Geriler
observed dm/dR > 0 and dq/dR < 0 by imposing additional

restraints( R=r+c). Our concern is to provide theoretical

expectations to the both cases.

A. With B(fixed)= x + m

From (1),

Max x! = p(x,g)*x + r*c(x+m,q)*m - c(x+m,q)*(x+m) (1)
X,m,q

subject to x =2 0 and m =z O

By introducing B(fixed) = x + m

Max =} = p(x,q)*x + r*c(q)*(B -x) - c(qQ)*B (1)B
X,q
an=pxx+p—rc =0 (2)B-a
or p(1-1/|le|l) -rec =0 (2)B-b
or MR(x) - rec =0 (2)B-~c
where, |e| = absolute value of elasticity

B _ - -

xq-pqx+rcq(B Xx) ch
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or
= pg x - {rx - (r-i)B} Esq <0 (4)B
S0OCs
B -
Xy = PpX P (7)B
qua = PygX + Py - T ¢ (10)B
x“B = PgX - {rx - (r-l)B}cqq (12)B
Totally differentiating (2)B & (4)B:
Rf& ﬂf% FIX] E:P dr
iy ng;| 9q E§
........... (18)B
where
E} = ¢ (19)B
EqB = - ¢, (B-x) (20)B
Using Cramer's rule, we can express dx/dr as
B
C qu
dx _ |-cqe(B-x) 1%
ar TH B
............ (22)B
(23)B

dx/dr = (c xqqs + cq(B-x) quB) / |HB|
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Tf we assume zdlictive functions on price equations--

e.g., p=p(x) + @(q), then py = p; = 0.

Then (7)B and (12)B are intact and-by assumptions on SOCs

B _
Xy = PpX + pp <0 (7)B~-a
B -
Ryg = Pg rc, (10)B
B _ - - — -
Rgq = Pgg¥ {r=x (r l)B}cqq <0 (12)-Ba
In Case of Cost-Plus Reimbursement
From (4)B, x!qa = Pg - rcg = - (r-1) B (cq/x)
r>1 & cq > 0 by assumption,
B _ - -
Royg = (p,_i rcq) <0 (10)B-b
Thereby dx/dr = (sum of all negative terms)/|H5|
where |HB|>0
B
Therefore, dx/dr cost-plus <0 (24)B
In Case of Underpayment(r<l)
B - = - -
Xy = Pg reg = (r-1) B (cq/x) >0
- B - B B
But dx/dr = (¢ Xeg + cq(B X) qu) / |5
Therefore, d"/d‘fmderpanent :_uncertain (24)B-a

Using Cramer's rule, we can express dg/dr as
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da/dr = {x,} * -c (B-x) - c =%} / |uf|

In Case Cost-Plus Reimbursement

From (4)B, x‘qn = pg - reg = - (r-1) B (cq/x)
r >1 & Sq > 0 by assumption,

Thereby dgq/dr = (sum of all positive terms)/|H5|

where |HB| >0

0 (30)B

Therefore, dq/ dr&cost-plua >

In Case of Underpayment(r<1l)

Py - reg = - (r-1) B (cq/x) >0

B
19

But dx/dr = {xnn * -c(B-x) - ¢ x,qn} / IHBI

x

: uncertain (30)B-a

Therefore, dq[dri-:nderpanent
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As far as cost-plus reimbursement is concerned, our

expectations of dx/drB < 0 and dq/drB > 0 are totally differ-

ent from Dusansky's empirical results--e.g., dx/drB > 0 &

dq/drB < 0.

B. With B(fixed)= x + mand R=r + ¢

From (1),

Max =¥ = p(x,q)*x + r*c(x+m,q)*m ~ c(x+m,q)*(x+m)

X,m,q
subject to x 2 0 and m 2 0

By introducing B(fixed) = x + m and R=r + ¢
Max =2 = p(x,q)*x + R *(B -x) - c(q)*B

(1)BR
X,q

BR _ -
X, = Py X +p R <=0

or p( 1-1/|le} ) - R =0

or MR(x) - R =<0

where, |€| = absolute value of elasticity
BR _ _

Xq = Pg X Cq B <O

S0Cs
BR _

Xy = Pp¥ 4Py
BR _

Xpg = PpgX ¢ Pq

(1)

(2)BR-a
(2)BR-Db

(2)BR-c

(4)BR

(7)BR

(10)BR
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BR _ -
Rgq = Pgg¥ cqu (12)BR

Totally differentiating (2)BR & (4.)BR:

BR
nEE NIF [dx] 1 S
BR . BR BR
Nxg Ngq dg E 3
e (18)BR
where
E} =1 (19)BR
EqB =0 (20)BR
ax/dr = =/ JE®] < 0 (23)BR
Therefore, dx/dRBR < 0 in case of B=x+m & R=r+c (24)BR

If we assume addictive functions on price equations,

e.g., p:p(x) + @(q), then pqx = pql = 0.

Hence (7)BR and (12)BR are intact and by assumptions on SOCs

Xt = P >0 (10)BR-a
So

da/drR = - p, / |H®| <0 (29)BR
Therefore, dq/dRBR < 0 in case of B=x+m & R=r+c (30)BR

From p=p(x,q) and p/R =k, dp/dR = (8p/dx)(dx/dR) +

(dp/d3q)(dgq/dR) k > 0. Therefore, we can infer that
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|(dp/2=}{dx/dR)| is bigger than |(dp/3q)(dqa/dR)].

Gertler's comparative statics are ambiguous. However,
his empirical results correspond with our theoretical

expectations.
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Conclusion
In this paper, we have demonstrated an unconstrained
model of a price discriminating hospital. Under alternative
reimbursement methods, equilibrium conditions and theoretical
expectations on the effects of changes in the rates are
provided as standards to clarify the importance of past

studies on fundamental issues.

With CBR and in case of cost-plus(r>l) or full-paymen

t(r=1), increases in reimbursement ratesllead to:
1) decreases in the number of private patients, thereby
raising private patient charges,
2) increases in number of Medicare/Medicaid patients,
3) increases in the expenditures on quality.
Therefore,
4) increases in private patient charges(cross-subsidy)

since dx/dr < 0 and dg/dr > 0.

With CBR, and in case of underpayment(r<l), the changes

are ambiguous. However, by introducing fixed quality into the
model--i.e., quality effects are controlled, and increases in
reimbursement rate lead to:

1) either increases in number of private patients(dec-
reases in private patient charges:cost-shift); or decreases
in the number of private patients(increases in private

patient charges:cross-subsidy),
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2) increases in the number of Medicare/Medicaid pa-

tients.

From above results and static analysis:

The introduction of underpayment may be or may not be
the cause of private price increase. It depends on the
standpoints of hospitals when government policy is intro-
duced. The size of the private market, which determines
patient-mix(8) at equilibrium, and the operating situation,
which determines the curvature($) of average costs, are key

factors in clarifying the effects of government policy.

As soon as PPS(R=rc or R=r+c) is introduced into the
unconstrained model, quality-access trade-off is expected in
Medicare/Medicaid patients. 1Increases in "R" 1leads to
decreases in the number of private patients, increases in the
number of Medicare/Medicaid patients, and decreases in
expenditure on guality. If "R" is not changed for the time
being--e.g., 1 year, then the hospital will want to increase
the mark-up factor "r" by decreasing average costs(c). Since
average costs are a function of total volume(x+m) and
quality(q), the only way of decreasing average costs is to
lower the expenditure of quality because total volume(z=x+m)
is a non-decreasing function(|dm /dR| > |dx/dR|) of "R".

Therefore, quality-access trade-off in Medicare/Medicaid
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patients has become a built-in result with the introduction

of PPS(R=rc or R=r+c).

In the case of PPS, from p/R = k > 1, if R is increased,
then p will be increased, therefore only '"cross-subsidy" will

be expected. However, in case of Cost-Based Reimbursement,

from p/rec = k, if "r" is increased, then "rc" may be in-
creased or decreased, and "cross-subsidy" or "cost-shift"

will be expected.

In the case o0f introducing B(fixed)=x+m into the
unconstrained CBR model (cf. Dusansky), theoretical expecta-
tions are the same as that of the unconstrained CBR model.

In the case of introducing B(fixed)=x+m 1into the
unconstrained PPS model (cf. Gertler), theoretical expecta-
tions are the same as that of the unconstrained PPS model.

In both nursing home cases, the imposing of restrictions
(B=x+m) cannot make any differ in results from original
models, as far as the signs of comparative statics are

concerned.
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