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ABSTRACT

We present a hospital non-price competition modelinvestigate two important concerns when a global
budgeting system is applied to the expenditurepadioy and the expenditure target policy. Our résuhdicate that (1)
the treadmill effect, (describing a phenomenon whgrhealth care providers provide more health caevices with a
lower reimbursed price under the expenditure caficgp would be a quality-enhancing and efficienoyproving
outcome; (2) both quality of care and manageridicefncy are higher under the expenditure cap potlican those
under the expenditure target policy.
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INTRODUCTION

Many countries with public financing health caresteyn have adopted either the expenditure targetypol
(Canada for example) or the expenditure cap pdli@iwan for example) for controlling medical costder a global
budgeting system. The expenditure target policygassa quota of health care services for which joieng are
reimbursed at a fixed price. When the volume ofithezare services exceeds the quota, the reimbymsed will be
reduced for a certain proportion. The expenditae golicy, however, refers to a fixed total budfgetall health care
services during a given period (usually one yeatt) hwospitals being paid on the fee-for-servicedas

Fan et al. provide a theoretical analysis for thgsician’'s behavior under these two policies ([Zp)ey show that
given the same spending, a higher volume of healté services are provided under the expendityrechcy than the
expenditure target policy. Fan et al. consider ¢xpenditure cap policy a better reimbursement poli@an the
expenditure target policy in terms of more quanditynealth care services provided by physiciand.(Renstetter and
Wambach, however, criticize the expenditure cajcpdbr a possible lower quality of care generabgdhe so-called
treadmill effect, describing a phenomenon wherehysfians will provide more health care serviceshvé lower
reimbursed price under the expenditure cap poJL}.(

In both studies mentioned earlier, the physiciaobjective is to maximize its profit, implying thatost
minimization is assumed for their analyses. Newdets, this assumption has been questioned inrhklyses of
hospital behavior since non-for-profit hospitalsiaiyy dominate the health market ([5]). Even foofftrhospitals, the
assumption of cost minimization may not be appuaiprin modeling hospital behavior because intesngdnizations in
hospitals are so complicated that each internalmfeuch as physicians, administrators, and owmeas) have distinct
and conflicting objectives ([3]).

Because of the existence of the technical effigieimc hospital operation, the purpose of this pajgeto
investigate hospital non-price competition undeglabal budgeting system in which both quality ofrecaand
managerial efficiency under the expenditure tapgdity are compared to that under the expenditapepolicy. To this
end, we utilize a hospital non-price competitiondelp developed by [4], to explore two important cems when a
global budgeting system is applied to the expenglitap policy and the expenditure target policy: hether the
treadmill effect generated by the expenditure calicy is an adverse outcome that decreases botlityqafcare and
managerial efficiency; (2) whether the expenditca@ policy is a better reimbursement policy tham ¢éxpenditure
target policy in terms of quality of care and maerée efficiency.
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The rest of this paper is organized as follows:tiBec2 models the treadmill effect under the exptemd cap
policy, Section 3 presents the expenditure targity and the final section summarizes our results

Expenditure Cap Palicy
(1) Demand

Consider a health care system with three agergsgdlrernment, patients, and hospitals. The patametsisually
fully insured in a health care system regulatedhgyexpenditure cap policy, so price has a minfluémce on health
care demand. Hospitals tend to compete with quafityare in the way of Cournot competition. Duethe hospital’'s
capacity, asymmetry of information about quality cafre and a possible limitation of patient's mdjlihospitals
offering the highest quality of care cannot seihe whole market and each hospital obtains a matiat determined
by its perceived quality relative to the qualityampeting hospitals. Using the functional fornnfrthe study of non-
price competition among hospitals developed bytfg,patient’s demand for the hospité characterized by equation

(1)-(2):
0 (X0, Xgon X yereesX) = ——* Dy (1)

B
n
D; = A* (Z xf’ /nj is the overall demand for health care 2
j=1

The notationsg}, and D; , represent the demand for the hospitaind the overall demand for health care,
respectively.X; is the perceived quality of care from the hospitdBy a slight abuse of notation, we also vgeto

denote the quality of care at the hospitaA ] R" is the total population3 [ (0]1) is the elasticity of the overall
demand with respect to the average perceived gu#licare in the health care markex.[] (0,]/,6’) is the degree of

patients’ mobility among hospitals according toitiperceived quality of cara — O means that hospitals are farther
apart by either geographical area or informatiomuoality of care. In this case, the increase ofiadions in a hospital,
due to a higher quality of care relative to itsatdy is small. In additiongz/3 is assumed to be bounded by an interval

between zero and one (i.@f [ (01)). n N is the number of hospitals in the market. We atgrsthe mobility of

patients @ ) and the number of hospitalfij are two indicators of competition in our model.
Since we assume that hospitals act as Cournot ddorpethe quality elasticity/f ) for the demand of hospitails

(q;) with respect to the perceived quality of cade ) can be written as equation [3] under the symmedguilibrium

(g, =q andX =X)."

_f_1-B

(2) Price
The government imposes an expenditure cdp)(on the hospital sector, from which hospitals wkeriheir
revenue on a fee-for-service basis. The reimbursepayment per admissiorPX) for each hospital is determined by
the fixed budget divided by total health care gitpnitience, we have
E
P=
n 4

2.9
j=1

where, E is the expenditure cap imposed on the healthsystem.

! The formal proof is displayed in Appendix 1.
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(3) Cost and Profit

Since medical staffs value a slower pace of workauing extra supplies on hand, the marginal codtides a
slack variable, modeling pure managerial inefficipand consumption at workplace (such as non-bssitedephone
usage and internet surfing for self-interest duthmgbusiness hours). Thus, the hospital’s margiosi of an admission
and the profit of hospitalcan be written as:
MC, =c(x) +s (5)

The notationMC,; is the unit cost of treating a patient when thepi@al i chooses quality X;) and slack
(S).The cost function for the quality of car&;() is defined byc(x;) = kx , K >0. We assume that(X;) > S,

meaning that cost of slack is less than the expehgeality. In addition, the fixed cost is nornzai to be zero for the
purpose of mathematical tractability. Thus, thefipad hospitali (77 ) under the expenditure cap policy is written as:

m =(P-MC)*q =(P-c(x)-s)*q, (6)

SuperscripG here as well as in equations (7)-(8) below indisahe expenditure cap policy.
(4) Hospital's problem

Hospitals maximize profits plus utility from manaigé slack, so the hospital’s problem is written as
MaxU, (7z°,S) =" +F(S) st. 1° =0 @)

The notionF (S,) is the utility obtained from total slacky ) whereS =S * ¢;. We assume th&t(S) >0,
[0S >0. The assumption of concavity is imposed B{S ). Thus,F (S) >0, and F (S) <0, imply a
diminishing marginal utility of total slack. In ced to ensure per admission slacg ) to be positive § > 0), the
condition F (0) >1 is also imposed of (S) . Equation (7) is a standard Kuhn-Tucker problerhjciv can be

presented as maximizing the Lagrangian functionwel
Solving the first-order conditions for the utilityaximization, which aré@L®/dx =0 anddL®/ds, =0, the

symmetric equilibrium of quality of care and slaslgiven by

- C)
c =——1+<)P
()=, @+ <)
_oP,g __1 . o .
where{ = —* F = —— with imposing symmetric equilibrium of quantity.
i n
F'(S.) =1+ A, whereA, =0 (10)

The subscrip in equations (9)-(10) as well as in the discus$ielow indicates the symmetric equilibrium of
equation (8). The Lagrange multiplieM&) in equation (10) defines an equilibrium level s¥ack (SG). If the

constraint is not bindinng‘iG > O,/]G =0), that implies total slack%;) to be independent of quality of carky).
If the constraint is binding}(IiG =0,4; >0), the slack level can be solved By = 0. The intuitions behind these

results are reasonable because the hospital’'s &drator may not care about the slack level as langhe hospital’s
profit is positive. Contrarily, if the hospital’sqfit is so low that it may fail to meet zero-pitoféstriction regulated by
owners, the hospital’s administrator is more likedytake some aggressive management strategiesteade slack but
increases quality in order to attract more patiemt@ddition, the marginal cost under a positivefip condition is the

same as equation (5), while marginal cost undera-profit condition is reduced to

MC; =c(X;) +S; =P (11)

2 The second order condition is assumed to be satiifiroughout this paper. The same assumptiorsdsusled in [4]. More detailed derivation for
the solution is presented in Appendix 2.
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The implication from equation (9) is that qualityaare provided by hospitals is independent ofglaek level
and profit constraint. This condition does not méaat slack level and profit constraint do not hang impact on the
choice of quality level, but implies that the sldeitel and profit constraint influence the choid¢ejoality through other
mechanism, which is the change of marginal costagenission in accordance with the change of slagklland the
binding of profit constraint. For example, when ksircompetition drives the hospital’s profit to aemarginal cost
(slack plus quality expense per admission) equate [3o that the quality depends upon the slackpaofit constraint
(see equation (11)). Given equations (9)-(10) ak agequations (5) and (11), we are ready to ptbeefollowing
proposition;

Proposition 1: Treadmill Effect
Under the expenditure cap policy, the following ditions hold.
(1-A) Competition in the health care market is mead by the mobility of patient€®) and the number of hospitals in

the market 1). If competition is increasing (eithe¥ 1 or N 1), hospitals will increase their quality of care

0X 0X 0s 0s
(Xs 1) but decrease their managerial slac{ | ). Namely;—> >0, —= >0, —=<0,and—=> <0.
oa on oa on

(1-B) When the hospital is operated at a posifivefit status, the marginal cost is upward slopinfpwever, the
marginal cost is downward sloping if the hospitaloperated at a zero-profit status. Namely7zjf> 0, then
X5 1 = MC 1 (IMC  5). However, if7, =0 , thenX, 1 = MC | (MC _ ).
0, 0%s
Proof: See Appendix 3.

The implications of Proposition 1 can be illustchtdearly by Figure 1. The hyperbolic curve isxefl budget
curve representing the underlying inverse relatigmdetween price and quantity. Note that quanstypositively
associated with quality in our model, so it is velet for us to present the fixed budget curve igeametric space
generated by quality and price. The marginal coste is illustrated as the bold lind3B and BC. Suppose that a
hospital initially has positive profits so thaistoperated at point A and its marginal cost istp@ssloping at segment

DB in Figure 1 (see Proposition 1-B).

PQ=E
P>MCpF------f---------r-mmmmmmmmmmmmmmmmmmo e
P=MC
P=MC

O Quality

Figure 1: Illustration of Treadmill Effect
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It is possible that the hospital prefers to stapaht A since the profit level is higher and sahs slack level.
However, market competition (the increasefor N ,or both) forces the hospital into choosing a higlesel of
quality (see Proposition 1-A), say the equilibriatipoint B, the start point that could drive hoalgitto a zero-profit
status if market competition is increasing contimlg. With zero profits, the increase af or N not only increases
quality also decreases the slack (see Propositién In order to maintain zero profits, the costisg effect from the
reduction of slack should be able to overcome th&t-mcreasing effect from quality-enhancing anitesdecreasing
effect resulting from the nature of the fixed budgegulated by the government. Therefore, the megatiope of
marginal cost curve at segmeB(C is induced by competition (see Proposition 1-B)d éhe new equilibrium appears
at point C. The phenomenon mentioned above, désgria possible downward sloping supply curve unther
expenditure cap policy, is the treadmill effecustrated by [1]. The treadmill effect presentedehactually leads
hospitals to put more effort into quality enhancamgnhigher quality level) and managerial efficienoyprovement
(lower slack level).

Expenditure Target Policy
The expenditure target policy means that a fixeotajof health care services is assigned to be peefb by each

hospital at a fixed reimbursement paymeRt)( but the reimbursement paymerf_PQ will be reduced up to a specific
proportion (P, y [1 (0)) if quantities of health care services are providbdve the quota. Under the design of this
policy, the profit of hospital is
77}T =(P-MC)*q . if g, =q
=(P-MC)*q+(yP-MC)*(q -0q) . if g >q

Superscripfl here as well as in equations (12)-(14) below iatdis the expenditure target policy. Since the polic

interest is the case that health care provisitngiser than quota, the profit of hospitas defined by
i e — ~ _

7T _(1_y)P*q+(yP_MCi)*qi_M+(yP_MCi)*qi (12)

where, M = (1-y)P*q and y (I (0})

The hospital’s problem is to maximize its utilitylgect to the positive profit constraint, which daa defined as
equation (13) or the Lagrangian function in theagtmun (14).

MaxU, (7' ,S)=m +F(S)st. 7 =0 (13)
L' = @+ ) +F(S) (14)
Again, solving the first-order conditions for ujli maximization, dL" /0x. =0 and dL'/ds =0, the

symmetric equilibrium of quality of care and manaajeslack is given by:

n = (15)
=1 yp
c(X; 1 y
F'(S;) =1+ A,, whereA; =0 is the same as equation (10). (16)

The marginal cost under a positive-profit conditisthe same as equation (5), while marginal codeua zero-
profit condition is reduced to

MC, = yp+ an

Gr
The subscripT in equations (15)-(17) indicates the symmetricildzrium of equation (13) (or equation (14)).
Given equations (5),(9)-(11), and (15)-(17), we raady to prove the following proposition:

3 See Appendix 4 for detailed derivation.
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Proposition 2: Expendituretarget policy
Under the expenditure target policy with a suffitie large number of hospitals in the health cararket, if the
hospital’s optimal level of quantity is above theoth set by the governmeng( > q), given the same medical

expenditure, the quality level obtained under thgemditure target policy is lower than the qualiéyel obtained under
the expenditure cap policy, while the slack levsthoed under the expenditure target policy is kigthan the slack
level obtained under the expenditure cap policymilly, X5 > X; gnd Sg <S; asn - .

Proof: See Appendix 5.

There are two implications from Proposition 2 ie #tase that market competition is strong enough rftrmber
of hospitals is large). First, the slack level unttee expenditure cap policy is lower than thatemthe expenditure
target policy. This condition indicates that thepemditure target policy will exacerbate the techhimefficiency
among hospitals. Second, given the same medicaneipre, the optimal quality level under the exgigme cap
policy is higher than that under the expenditurgeatpolicy. This condition implies that if the gawment switches
their reimbursement mechanism from the expenditae policy to the expenditure target policy, thendfeciary
welfare will be lower due to a lower quality of eagenerated by the expenditure target policy.

Intuition behind these two implications is obvioudnder the expenditure target policy, hospitals can
independently choose quality and slack to maxintfieér utility due to no limitation of total medicakpenditure. The
expenditure cap policy, however, introduces contipetiinto the health care market through fixing th&al medical
expenditure. Therefore, the optimal quality levetier the expenditure target policy is more likebe lower than that
under the expenditure cap policy, while the optislatk level under the expenditure target policpnizre likely to be
higher than that under the expenditure cap polgigyice the quantity depends on the quality of car¢he demand
function (see equation (1)), the higher quality elegenerated by the expenditure cap policy compacedhe
expenditure target policy implies that the expamditcap policy will induce hospitals to provide igher quantity of
care than the expenditure target policy. This figdis consistent with [2] in which they prove tiia¢ optimal quantity
under the expenditure cap policy is higher than éRpenditure target policy as long as number ofviders is
sufficiently high.

Summary

The main objective in this paper is to investigate important concerns of when a global budgetiystem is
applied to the expenditure cap policy and the edjtere target policy (1) whether the treadmill effeesulting from
the expenditure cap policy is an adverse outcorak decreases both quality of care and managefialegity; (2)
whether the expenditure cap policy is a better beirsement policy than the expenditure target paiicyerms of
guantity of care and managerial efficiency.

In respond to the first concern, our theoreticalgses in Proposition 1 suggest that the treadsffidict would be
a quality-enhancing and efficiency-improving outeihhospitals are not operated at cost minimizatla respond to
the second concern, our theoretical analyses ipd3ition 2 suggest that a higher quality of caresblower slack level
will be derived from the expenditure cap policyhet than the expenditure target. Since qualityavéds positively
related to quantity in our model, our results, ¢stemt with [2], conclude that the expenditure qagicy a better
reimbursement policy than the expenditure targdicypdrom both higher quality and higher quantitf feealth care
perspectives.
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APPENDICES:

Appendix 1: Proof for the quality elasticity of demand in equation [3]
From equations (1) and (2) in the text, we have

[A1] Ing, =In(A/n) +alnx +(,8—1)In£2n:xfj

2] M*Xi = £+(ﬂ—1)a()§7)a_l X =a 1+(ﬁ—1)7(xi)a

0X; i a a
' : Z Xj 2

X

where, we assume Cournot competition among hos;('rtéatl'— = 0). At a symmetric equilibrium &, = X; =X for
X.
J

alli andj), we have [A3] = a(l_l—ﬂ) which is the equation (3) in the texQED.
n

Appendix 2: Kuhn-Tucker conditionsfor the Expenditure Cap Policy
The Largrangean for this problem is equation (&hatext.
L=@+D[(P-c(x)-s)*q]+F(s)

oL

5 = W ANPa+&) -0 -8 )r —c0)]+ F(S)sn <0
where, ¢, zg_:% and7y, =g—g::_:

At a symmetric equilibrium[JX, = X5 ,0q, =g, andls =S5 =

[(A4] [P+ &) - c(xe) ]y - clxe) < 56’7[1‘ Flisj)J

The complementary slackness condition ¥ris
(A xe{[P 1+ &) ~c(x)} ~clxe) - sen[l—%} -0

L o+ A)g +F(S)g <0
0s

[A6] F (Sg) <1+ A, where, “="is imposed due to the assumptign> 0.

= F'(Sg) =1+ A, which is equation [10] in the texRED.

The complementary slackness condition $r is [A7] Sg (F (Sg) — @+ A )) =0

This condition implies that eithes, =0 or F (S;) =1+ A, or both, at an equilibrium. In any of these catfest

will eliminate S from equation [A4] forX;. Thus, [A4] can be written as

[A8] C(Xg) = l% @+ £&)P, X5 =0 isinfeasible since 2” will not hold.
7

We haveC(X;) = 1% @+ &)P, which is the equation (9) in the teQED.
Ui
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Appendix 3: Proof for Proposition 1

To prove (1-A)%>O, %>O, ai<0, andai<0_
oa on oa on

(1-A-1) 9% >0;
oa

0X,
Total differentiate equation [9] with respectdd, we havea—G >0.
a

axez(lﬂa N \p o 1| 9P 06 O
oa k J)oa\l+n 1+n )\ 0qs O0X; O0a

After doing some algebra, we reach

oa k \da\l+n k A\1+n | 0qs 0Xg G,
O n |-9(n jon_ 1 2[1—1_'3}>O:Gl>0
oa\1+n) on\1+n)oa (1+n) n

<0;a&>0:>62>0:>axG >0 QED.
00 0Xg oa

(1-A-1) % >0
on

0X
Total differentiate equation [9] with respectifiy we havea—G >0

n
-ap
O _ 1 (E)E(lJff)'? ol (&), all- BN+ &) | qep.
on  aB+1l Ak )\ Ak 1+7 1+n (1+n)?
9s™° 0sZ>°

(1-A-lll) ——<0; <0
oa

on

When 71>0, F (S;) =1 = Total differentiateF (S, ) = 1with respect to@ andn.
- - 0 0

After doing some algebra, we haf& -~ _ _S¢ - 9ds 0% <0; 0Ss” _ S 09 0% <0

oa qs 0% 0a on g 0%; On

=0

(1-A-1V) 0Ss <0
oa

If 77 =0, wesolve 77 =0 for S;. Namely, we solve{(P —C(Xs) — Ss )* qG] =0 for S . We have

[A9] gm0 {1—(12”}(“ {)}P

Differentiate equation [A9] with respect @ , we have

e S e e ) =

Sincefg{l_[lfnln;lﬂ __ (1+1,7)2 (1_ 1—nﬂj(nr—]1j =G, <0

oP =0
<0; 0% >0; 0% >0 :>G4<O:>aSG <0 QED.
00, 0Xg oa oa
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=0

(1-A-V) 0Sg <0
on

Differentiate equation [A9] with respect 1@, we have

ol [ o -

Sincei 1_(,7](1_1] :_i O’(l—ﬁ)(l_l]_'_l =G, <0
on|(Len 0 )]0 ey U0 T2 [T
=0
P 0:% 0. % .56 <0=%% <0 g
aq 0Xg on on
omMC

0X

>0 if £ >0;

(1-B) To provea(l;/IC | <0 if t =0.
X

(1-B-1) oMC

OMC _ dc(%s) | 0s =k(1+ 0se J:[ kss J[c(x&m}

>0 if £ >0

0Xg OX;  OXg oc(xg) c(Xs) N Sg
oMC >0 requires c(%) +o|>0=>0= 0ss , C(Xs) >_ (%)
0Xg oc(Xs)  Ss S

. = A
since F (S;) =1 when1>0. = S, isindependent ok, = S=8, * (g =S¢ * — (%)%
n
. - A
Take nature log on both sides, we hda¢S ) =In(s;) +In—+aBIn(x;)
n

:a:ai*x_G: 05 *C(XG):—aﬁ>—1, wapd©0]).
OX; Sz 0c(Xs) Sg

N [C(XG) + JJ = [M—aﬂj >0, - %) >1 is assumed— oMC >0 QED.
Se S S aXG
(1-C-l GaMC <0 if =0

From equations [11], we hawlC = c(X;) +S; = P.
o OMC _ 9c(Xs) N 0S; _
" 0%, 0,  OX; 00g 0% o 0X

Henc

Appendix 4. Kuhn-Tucker conditionsfor the Expenditure Target Policy
The profit of hospital is

7 =(P-MC)*q+(yP-MC)*q, . if ¢ >q
The hospital's problem isMax U, (77 ,S) =77’ +F(S) st. T =0

The Largrangean for this problem is equation jh4he text.

L=@a+ )M +(P-cx)-s J* g |+ F(S) . whereM = (1- y)Pq

% = (1+/1)[(yl_3—c(xi)—s)f7i —C(xi)]+ F(S)sn <0
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At a symmetric equilibrium[Jx, = X;,0Jg, = ¢;, andls, =s; =
[A10] [VE‘C(XT)]?‘C(XT)S 1-F &) s

1+1
The complementary slackness condition ¥ris

[Al1] X {[P —c(X, )]'7 -c(X;) —[1_ Flis/]T)JST”} =0
oL

—=-(@1+A)q +F(S)q <0
0s

i
[A12] F(S;) <1+ A,, where, “="is imposed due to the assumpt&n> 0.
The complementary slackness condition $r is
n13] s, (F(S;) - W+ A;))=0
This condition implies that eithes, =0 or F (S;) =1+ A, or both, at an equilibrium. In any of these catieat
will eliminate S; from equation [A10] forX; . Thus, [A10] can be written as

Ui
1+n

X; = 0 isinfeasible since 2" will never hold. Thus, we have equation [15] fre ttext.

[A14] C(X;) = yP

Similar to discussion in the expenditure cap polexyuation [A13] implies that

F(S;)=1if 1 >0= s; >0 since we assume thaF (0) =1 andF (S;) <0.

If 77 =0, we solve 777 =0 for S;. Namely,M +(y|3—C(XT)—ST)* g =0
= S =y5—c(xT)+M=(1%jy5+M>o. = F (0)=1andF (S)<0 ensures; >0.
T ,7 T

Appendix 5: Proof for Proposition 2

(2-1) Xg > X if N - o

By equations (9) and (15), we have

c(Xs) ZL(1+ E)P, where,p - _E _P*a+yP(G ~0)
1+n ® ng A(xs)”

-1 5
clxr) =7, VP

(%) _ g4 o [P*A+Y/P(@ -] |
() (+5{ A(x)” * P J
(%) yP y
n-o($-0)
= (%)% c(xs) > (% )?c(X;) = X <X; QED.
(2-) Sy <S,ifn -
if 77 >0thenA=0, F(S;)=1=S, =5 *Q; =S;* Qs =S5 .
TN = X >X = (g >0 = S >S5 .

If ITiT =0, s; can be solved byTiT = 0. Hence, the equilibrium slack per admission is
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s, =yl3—c(xT)+M, whereM = (1- ))P*q ands, = P, —c(xg) if 7° =0
T

Thus, s -, :{VP+M— Pra+ /P _q)]+(c(xe)-c(xT)):T1 +T,

O Ge
If N >0 = X;>X = (X)) >¢(X)=T,>0
T =ypeM _PratyPe -0) >y5(1_q_Tj>0
Gr Yo Us
Therefore,S; >S; QED.
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