(optimal) Healthcare expenditure
and health insurance demand under a
two-argument utility



Motivation

* Health 1s considered as an “irreplaceable good”
(Cook and Graham,1977; Courbage and Rey,
2007; Menegatti, 2009; and Denuit et al., 2011)

* Health insurance considers both health and
wealth risks.
- In this study, two-argument utility, u(C,A) Is
considered.



Motivation

* |s healthcare a normal good?

* |s health insurance a
normal good?

- under DARA, as 1s well
Known, Insurance IS an
Inferior good and can be a
Giffen good. But...




Summary of Findings

 Healthcare can be either a normal or an
Inferior good.

 Health insurance can be a normal good even
under DARA.

* The deterioration in health may not always
higher healthcare expenditure and health
Insurance demand.
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Benchmark model: one-argument utility

case
Max
x,/
st. O={+A1)pl

U=(1-pu(y—0)+pu(y-0-x+I1-D+R(x) (1)

Lemmal. [one-argument utility]

(1) The optimal healthcare expenditure is determined where R'(x**) = 1. The optimal
indemnity 1s determined where

u(y—Q—x**+1**—D+R(x**)) (1-p)l+4)

. (3)
u'(y—0) 1—(1+A)p

and O =(1+ A)px **,
(2) The optimal insurance is no insurance 1f

u{y—x**—D+R(x*%)) =i (1+ A)1- p)

< . 4
w'(v) 1-{l+A)p @)



Benchmark model: one-argument utility
case

(3) In the case of R(x**)< D, the optimal insurance 1s partial (full, over) insurance if

u'ly—0-D+ R(x*¥)) (= }}[1+.§l}{| —p)

,(5)
u'ly—=0) I-(l+A)p

where Q=(1+A)px**,

In the case of R(x**)> D, the optimal insurance is partial insurance.

Lemma 3. [two-argument utility] Suppose that the insurance premium is actuarially fair,

(1) The optimal insurance is no insurance if u-(y—x,h—D 4+ R(x)) < u-(y, h),
where X i1s the value that maximizes V(x,I = 0).

(2) If ugy > (=,<)0 and R(X) <D, the optimal insurance is partial (full, over)
insurance, where X is the value that maximizes V(x,I = X).



Main model: two-argument utility case

« According to Richard (1975) and Eeckhoudt, Rey, and

: 0%u
Schlesinger (2007), uc4 = Py

 Crainich, Eeckhoudt, and Courtois (2014, 2017) define
absolute correlation aversion (ACA) In one good (i):

u;;j(C,A)

N u;(C,A)’

« Similarly, absolute correlation loving (ACL) in one
good (1) Is:

Uca < 0.

u;j(C,A)
uj(C,A) ’

Uca > ().



Main model: two-argument utility case

, d ( uij) _ Wijj Uil

: — |
dj Uj Uj Uj
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Main model: two-argument utility case

Proposition 1. [two-argument utility]
(1) The optimal healthcare expenditure and indemnity are determined where

u Ay =0Q-x+1h=D+R(x))

R(x). (11
u-0-—x+Lh-DiRGy )

uAy—0Q-x+ILh=D+R(x)) (1-p)l+A)

= X (12)
u-(v—0,h) [—(l+A)p

and O=(1+A)pl.

(2) Let ¥ be the value that maximizes if’{:i'.f=lJ}. The optimal msurance 1s no
insurance if
iu'[{_1-‘—.}Jr—D+Rf.::}]EI:]—;J}[1+:{}_ (13)
v, ) 1-(1+A)p
(3) Let x be the value that maximizes V(x,I =x). The optimal insurance 1s partial
(full, over) insurance if

u-(v—0.h— D+ R(x)) {:{_1}}{1— pil+A) , (14)
u. (v —0.h) I=(1+A)p

where O=(l1+A)px.



Comparative statics

Lemma 4. [two-argument utility] Healthcare and
health insurance are the complements (substitutes)
In the sense of Edgeworth-Pareto if and only If:

ucc(y1'h1") Uca(y1%h1")
> 1
( uC()’1*»h1*)) o ( UA(Y1*»h1*)) ( 5)

duc(y1*h1)  duyg(yi*hy))
dy ady |
> 15
uc1*h1) T ug(1*h1))  (15)
y y




Comparative statics

Lemma 5. [two-argument utility] V;,, > (=, <)0, when the
following condition holds.

(1) In case that u-, > 0, the preference exhibits _
DARA-(CARA.,IARA.;) in Cand DARA,(CARA,, IARA,) in
C

(2) In case that u-, < 0, the preference exhibits _
DARA-(CARA.,IARA;) in Cand DACA-(CACA.,IACA.) in

A.
(1= p)(A+ Ay (o, h)
U, (yl*,hl*)

_ _HCC(y;?h) B _“Cc(yrah:) _ *
= ) ( R (1= p)A+A) pu,(y,,h) (18)

V;{..-* = _(l - p)(l + A/]*) PU (}’{;ak) +p”{:(‘ (y]*,hl*)




Comparative statics

Proposition 2. [two-argument utility] The impacts of an increase in wealth on healthcare
expenditure and health insurance demand are as follows:

(1) Suppose that u-4 > 0.
(1) Higher wealth leads to higher healthcare expenditure.
(11) Higher wealth leads to higher insurance demand i1f

(a) Vi,,” = 0, 0r

(b) V" < 0 and (—Zw) ~ (_M)

ucl(yo™.i) uclys* ")
(2) Suppose that u-4 < 0.
(1) Higher wealth leads to higher healthcare expenditure if

ucalyvi®ng")

= (teans)
ug(vi*hy)

(11) Higher wealth leads to higher insurance demand if

(_ ucc(yy"h 1*))

uc(yy*hy’)

(a) V;,,” = 0, 0r

(‘b:} L‘rf:u* :_:- U‘ (_2 H’CC[PG*'}]')) :} (_ ILCC'::}rlx’hl*}) Ellld

uclvg*.h) uc(yi*nhy")

(_ ucc(}’l*ﬂf}) - (_2 II-CA{Pix:hl*:])I

uc(yi*h1") ua(yi®hi")



Comparative statics

uCC()’1*;h1*)) _

Corollary 1. Health insurance is an inferior good if (— O )
c\1 1

_ Mecoh )) is sufficiently large and

uC(e;? L
1 — _ uCA(yl rhl ) - -
uc(y1*hs* )) ( uc(yl*,hl*)) Is sufficiently small.

Corollary 2. [two-argument utility] The impact of an increase in
premium on healthcare expenditure and insurance demand are as
follows:
(1)Higher premium leads to lower healthcare expenditure if and only if
( ucc(y1",hy )) > ( uca(y1',h ))

uc(y1*h1") ua(y1*he)
(2)Higher premium may lead to lower insurance demand If

Uccy1”h1) Ucc(¥o™,h)
( ey, e )) ( e (Vo' )) Is sufficiently large.




Comparative statics

Proposition 3. [two-argument utility] The impacts of an increment in health on healthcare
expenditure and health insurance demand are as follows:

(1) Suppose that u;4 > 0.

(1) Higher health leads to lower healthcare expenditure if
RS gt B P R P
(_ ”CC‘[.}J; L ]) > (HCA(TJ.* 13}) and (_HAA.(J’LK 1*3') - (HCA.{JIK J;})
uc(yi“hy) ua(yi®hy) ualy,™ny) uc(yy*hy )
(11) Higher health leads to lower health insurance demand if V;;,” = 0
y1 Ry 1R 1R 1R
(_ ttcc[_}t L }) > (HCA(:}'J.* 1}) and (_HAA.(TL:: 1*}) > (uc‘q.{}i 1))
uc(yi™hy) ualyi®hy) ua(yi®hy) uc(yi™hy )

(2) Suppose that u;-, < 0.

(1) Higher health leads to lower healthcare expenditure and health insurance
demand if V" < 0,

(_ ”CEE:}rlxrhlx}) < (_ uCA{.}"l*Jhixj) and (_ HAA(}’i*ﬁf}) > (_ “CA[}'lx-hi*:])

uc(yi*h’) ua(yi®hy) ua(yi*hy') uc(yith’)



Comparative statics

Corollary 3. Suppose that u-, < 0. Higher
health leads to higher healthcare expenditure and
lower health insurance demand if V;;,* <

ucc(1"h1") uca(y1*,h1")
< — ] and
O’( uC(Y1*;h1*)) _ ( us(y1*,hq ))

( uAA(Y1*»h1*)) <( uCA(J’l*JM*))
ua(y1*h) /) — uc1*h1™) /-




Specific utilities

7. u(y,h) = (y¥R¥) /(1 =), € (0,1) and y = 0, with
u(y, h) = In(y¥h'=¥), fory = 1.

_uccyh) _yy | A-yY) ucaly,h) _ Pp(A-y)
uC({'h))_ f +¢) v - oy _< ) .)(25)

LV v,h _ y(1-y)+ ucay,h _ 1— 1-y
us(y,h) h > uc(y,h) h (26)

—>(1) Healthcare is a normal good,
(2) If % + (1;/’) > 2 lp(ly_y),that is, Y(1—y) < % then health
Insurance is a normal good by Proposition 2. In this case, RRA> g

~(3) With an increase in health, healthcare expenditure and health
Insurance demand decrease by Proposition 3.




Specific utilities

2.u(y,h) = (ylphl_‘/’)l_y/(l —y),YeO1)andy > 1

_uccy,h) _ yy n (1-Y) ucay,h) _ Yp(-1) (27)

uc(y,h) y y > us(y,h) y
_uaayh) _vy@A-P)+y o uca(y,h) _ A-yP)(y-1)
= > = (28)
up(y,h) h uc(y,h) h

—> (1) Healthcare Is a normal good.

(2) If income y is sufficiently large and ¥ (y — 1) < 1, then
health insurance is also a normal good.

(3) With an increase in health, both healthcare expenditure
and health insurance demand decrease.



Specific utilities

a
[N

3. u(y,h) = —exp (exp( (C); + h))) co>0andc; > 0.

0

us(y,h)

—> (1) Health insurance is an inferior good by Corollary 1.

(2) Healthcare expenditure increases, and health insurance demand decreases
with an increase in health by Corollary 3.



Conclusion

- The optimal level of healthcare expenditure is determined by balancing the marginal
benefit of wealth and health in the health loss state.

- Partial, full, and over insurance can be optimal.
- Healthcare is a normal good
(i) ifanindividual is correlation loving,

(i) ifan individual is correlation averse and absolute risk aversion (ARA) in wealth is
greater than absolute correlation aversion (ACA) in wealth.

- Even though the preference exhibits DARA in wealth, health insurance can be a normal
good

(ili)  if the decrease in ARA due to an increase in wealth is small enough for the
correlation-loving preference,

(iv) if ARAin wealth is sufficiently larger than ACA in wealth and the decrease in ARA
due to an increase in wealth is small enough.

- ;Il'he deéerioration in health leads to higher healthcare expenditure and health insurance
eman

(v) if ACL in wealth is decreasing in both wealth and health and ARA in wealth (health) is
greater than ACL in wealth (health),

(vi) if ACA in wealth is decreasing in both wealth and health and ARA in wealth (health) is
greater than ACA in wealth (health).



