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Appendix for “Favorable Risk Selection in Medicare Advantage: The Effect of Allowing
Non-Medical Services”

Appendix A: Technical Results
The following lemma characterizes the equilibrium outcomes. In the proof of Lemma 4, we can see that if ¢(g;) <0

then beneficiaries would never choose original Medicare, justifying the assumption that ¢(g;) > 0 in Assumption 2(i7).

LEMMA 4. The optimal solution x to (6) and the associated 0} and E[I17] are given as follows.
(i) For Planic {1,2P},

( 2Z¢(q;) (9 —ai)s Zo+2R  (Zo+ 2R)2> if Zy+ 2R <d
Zo+2R)g; s ' 20(q;) 0 (q; ’ 20(q;) —
(zt, 67, E[IT]) = (Z 0++( )q ; q 1 ¢(q:) 800 (4:) ¢(a:) (17)
(Oqoeqi)s, 0, §(ZO +2R - qu(qi))) , otherwise.
4q;
(ii) For Plan 2G, if Q = Zy+ 2R + Vg — 2K <0, then there is no feasible solution to problem (6). If 2 > 0, then
2
<2kt(ZOQ+ o) zkﬂ : 8kQ §'> SLUETe
(e O B =4 > o o ()
LT e g, —(2—kiqo0) |, otherwise.
qu 2

The following lemma characterizes trivial equilibria. To exclude those trivial equilibria, Assumption 2(4i%) in the

main body of the paper assumes that the two conditions (¢) and (¢¢) identified in Lemma 5 hold throughout the paper.

LEMMA 5. For Plan 2G, the following holds.
(i) An MA insurer can obtain (weakly) positive profit if and only if Vg — 2K g > —2R — Z,. Otherwise, the MA

insurer always obtains negative profit and thus never chooses Plan 2G.

(ii) An MA insurer finds it optimal to choose Plan i € {1,2P} over Plan 2G for some capitation payment R if and
only if Vg —2Kg < (kiqo — (k, + k:q:))0 + (qo — q;)s0. Otherwise, the MA insurer always chooses Plan 2G

over Plan i regardless of R.

Lemma 5(7) implies that, if the general well-being benefit V; is too low compared to the cost K, then the MA insurer
never chooses Plan 2G. Lemma 5(i4) characterizes the opposite case where, if Vg is too high compared to K, then
the MA insurer always finds it optimal to choose Plan 2G. Note that, in condition in Part (i3), the right-hand side is
the sum of the reduction in cost and increase in consumer utility under Plan 7 compared to the original Medicare for

the most vulnerable beneficiary of type 6.

Appendix B: Proofs of All Results

We first prove Lemmas 4 and 5 in Appendix A, which we use in the rest of the proofs.
Proof of Lemma 4. In this proof, we use ¢(qg;) defined in (4), where ¢(g;) > 0 by Assumption 2.
(1) Plan 1. We solve problem (6) without the constraint and show that the unconstrained optimal solution satisfies
the constraint. A beneficiary joins Plan 1 if and only if U; > U, which is equivalent to ((x; + s)q; — $90)0 < Z,.
If (21 + s)q1 — $qo > 0, then this holds if and only if § < 6, = min {m,é}. If (1 4+ s)q1 — g0 <0,

then U, > U, regardless of 6, and thus we can set §; = §. We analyze these two cases separately.
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(a)

(b)

First, suppose that (2, + s)q; — sqo > 0. If ——22—— >, then 6§, = 0, and thus

(z1+s)q1—sq0

0
1-
0

We observe that F[II,] is strictly increasing in z,, and therefore the solution is the maximum x; such that

(mﬁjﬁ > . Then, it is immediately clear that any x; such that Mﬁ > 6 cannot be optimal.
Therefore, for the optimal solution, we need to consider only the case when m <4.
~ 0
If 6, = Mﬁ <6, then E[II;] = [ " II, f(0)d#, and thus
6E[H1} _ Zoqa (QZO(kp + k’th) ‘5: S(QO - Q1)(2R - Zo) - lel(Zo + 2R>)
0z, 20(sqo — (z1 4+ 8)q1)?
The denominator is strictly negative because we assumed (z; + s)q; — sqo > 0. Therefore, %ﬁl] =0if
and only if
_ F __ 2Z0¢(¢]1) ((JO - 91)3
T =Ty = s
(Zo+2R)q a1
which generates
Zo+2R
gr — 2ot 2% (20)
2¢(q1)
Zo+2R)?
pr] = Gt 28)°
80¢(q1)
Note that %?1] > 0 when x < z¥" and %?1] < 0when z > 2. Thus, if 97" < 6, then the unique maximum

is achieved at #7, generating 67" and E[I17]. If 67 > 0, then we have a boundary solution, satisfying 67 = 0,

which generates

Z - 0 1 q
xf(w and E[Hf}zi(ZO‘FQR*o(b(ql))'
1

Note that both zI" and x ¥ satisfy (z; 4+ s)q; — sqo > 0 if and only if ¢(g;) > 0, which always holds by
Assumption 2. (If ¢(g;) < 0, then we can never be in case (a).) Also, E[IIf'] > 0 and E[II?] > 0 and thus
the unconstrained solution satisfies the constraint.

Second, suppose that (x; 4+ $)q; — sqo < 0. Then, it is always the case that U, > Uy, and thus F[II,] is given
by (19). Again, E[I1,] is strictly increasing in x;, and therefore the solution is the maximum x, such that

(z1 + s)q1 — sqo < 0. Therefore, the optimal solution is

_ _ 1
d:(Io QIgy 0l =6, and E[HJ{]:R—§9¢(q1).

q1

Now, we compare the solutions from cases (a) and (b). Note that

B[] - B[} =

- Zg +4ZoR+4(R—06(q1))*] >0,

1
E[II?] - B[] = 5%0>0.

Therefore, the optimal solution is from case (a).
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(2) Plan 2P. The analysis is the same as in Plan 1, except that we change ¢, to g,. Therefore, the optimal solution

from the first order condition is

F o 220‘25(%) +(CIO*QQ)S

Y2P = (Zy+2R)q P
Zo+2R
F _ 0
02}’7 2¢(q2) ) (21)
Zo+2R
g, = Got 207 M)) ,

if 0, < 0. 1f 0%, > 0, then the optimal solution is the boundary solution satisfying 6%, = 6, which is

B Zo"‘(Qo (12)50

1 _
Top = ;B[] = 5(Zo + 2R — 06(q2))-
QQ9 2

Note that E[II}},] > 0 and E[I1Z,] > 0 and thus the unconstrained solution satisfies the constraint.

(3) Plan 2G. We solve problem (6) without the constraint and see if the unconstrained optimal solution satis-
fies the constraint. A beneficiary joins Plan 2G if and only if U, > U,, which is equivalent to 6§ < 0,5 =

min {M,é}. If 22tY¢ > 0 then 055 = 6, and thus
q0T2G q0T2G

5 _
0
E[Hzg] :/ Hch(e)dHZR_Kg‘f'qL(l‘QG_kt)
0

2

We observe that E[Il,] is strictly increasing in z»¢, and therefore the solution is the maximum x,¢ such that
i‘é;‘f > f. Then, it is immediately clear that any x, such that Z°+VG > f cannot be optimal. Therefore, for

the optimal solution, we need to consider only the case when % g 9.
If Oy = Z0+VG <0, then E[ll,5] = f92G I, f(6)d6, and thus

(Z0+Vg)(—k't(Z0+Vg) (2R+ Z0+VG—2KG)J?2G)
2q09332G

Ellyg) =

It is immediately clear that if 2R + Z, + V5 — 2K < 0, then E[Il,¢] < 0 for any 25¢, violating the constraint.
Thus, there is no feasible solution to problem (6).
Now, suppose that 2R + Z, + Vg — 2K > 0. Then, we have

OE(Mlye] (2o +Va)(2ki(Zo +Ve) + (2Ke — Zy — 2R — Vi) 22¢) '

0%ac 2q0§:c§G

2k:(Zo+Va)
2R+ Zo+Vg—2Kg’

R+ Zy+ Vs — 2K

Therefore, % =0if and only if z2c =25, = which generates

O3 = ) (22)
2 2k¢qqo
OR + Zo+ Vi — 2K )?
R
Sktqge

Note that 2 HZG] > 0 when z < zf, and M < 0when z > zL,. Thus, if 0%, < 0, then the unique maximum
is achieved at x5, generating 6%, and E [HgG]. If 6, > 6, then we have a boundary solution, satisfying 62, = 6,
which generates

B ZO + VG .
Tog = a0
qof

Note that E[IIL] > 0 and E[IIZ,] > 0, and thus this unconstrained solution satisfies the constraint. O

1 _



Hwang, Jonasson, Peura: Risk Selection in MA: Non-Medical Services
36 Article submitted to Manufacturing & Service Operations Management

Proof of Lemma 5.
(i) In the proof of Lemma 4, we showed that E[Il,5] < 0 for any o¢ if Vo —2K5 < —2R— Z, and that E[II5;] >0
if Vg —2K5 > —2R— Z,. Therefore, the MA insurer can earn (weakly) positive profit if and only if Vg — 2K >
—2R — Z,.

(ii) This proof consists of two steps. For Plan ¢ € {1,2P}, in Step 1, we show that E[II}] > E[II;.] for some R if
the condition in (ii) holds. In Step 2, we show that E[II}] < E[Il;] for any R if the condition in (ii) does not
hold.

Step 1. We first observe that, using (20), (21), and (22) in the proof of Lemma 4, we have 0; < 6 if and only if
R < R;, where R; = ¢(q;)0 — 2 fori € {1,2P} and Ry = kyqof — 20Ve=2Ea
When R > max{R;, Ry}, we have 67 = 05, = 0, and thus using Lemma 4, we have

BT~ EllT3o) = 5{(ho — 0(a)f — (Ve —2K)] 20, @3)
where the inequality holds by the condition in (ii).
Step 2. Now, assume that condition in (ii) does not hold. First, suppose R > max{R;, R, }. Then, using (23) in
Step 1, it is clear that E[IT}] < E[IL;,].
Second, suppose that R < min{R;, Ry }. Then, 87 <6 and 0}, < 6. Using Lemma 4, we observe that E[IT] >

: : > > (Va—2Kg) (gi) Z, .
5 >R, W - Ve2Ke)ve o , .
E[II;,] if and only if R > R;, where R; P Y Ypm 2. Note that ¢(g;) > 0 by Assumption 2, and

Vkiqo — v/ ¢(q:) > 0 because k.qo — ¢(q;) = (s + ki) (g0 — ¢:) — k, > 0 by Assumption 2. We have
5 s (VG - QKG) ¢(q1) > (thO - fi)((b))g_\/ ‘i)(%) . (;5((])9

i L = - zé
B s —vea) " (- Vo)

= V@) (o — V/3(a)) >0,

where the first inequality holds because condition in (ii) does not hold and the second inequality holds because
keqo — &(q:) = (s + k.)(qo — ¢;) — k, > 0 by Assumption 2. This means that R; > min{R;, Roc}, and thus
E[lI;] < E[I;,] when R < min{R;, Ryc}.

Finally, suppose that min{R;, Ry} < R < max{R;, Roc}. If R; < R,¢, then 6 = 0 and 63, < 6. There-
fore, using Lemma 4, we observe that % =1- W > (0, when R < Ry = ktqoé —
Z04Ve 26 Similarly, if R; > Rac, then 07 < 0 and 03¢, = , and thus 20 PGl — Zo420 3 () when
R < R; =0¢(g;) — 2. Therefore, it is clear that E[II;] < E[IT;;] when R € (min{R;, R,c}, max{R;, Rsc}),
because E[I1}] < E[IT;.] when R = R, or Ryg. O

Proof of Lemma 1. A type-6 beneficiary enrolls in Plan ¢ € {1,2P,2G} if and only if U; > U,. Using equations (1)

and (3), it is straightforward to obtain the result. O

Proof of Proposition 1. First, the optimal marginal treatment charges = are characterized in Lemma 4. Second, using
(20), (21), and (22) in the proof of Lemma 4, we can see that 0] < 6 if and only if R < R;, where R, = qﬁ(qi)@_ — %
fori € {1,2P} and Ry = k,qof — 22HYe=2%a, O

Proof of Proposition 2. We compare the expected profits of (7) Plans 1 and 2P, and (7¢) Plans 2P and 2G, using the

results from the proof of Lemma 4.
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(i) We show that it is always the case that E[II;,] > E[II;], and thus Plan 1 is never chosen. Note that ¢(q;) —

¢(¢2) = (s + ki) (a1 — g2) > 0, and thus 0f = o2 < Z028 = 0.

First, if I < 01, <6, then

(Zo+2R)>  (Zy+2R)?

ElIL] = Blze ] = =505 80¢(q2)

<0.

Second, if 07 < 6 < 0%, then

(Zo+2R? 1 i
EI|-E|[L | =———"——=(Zy+2R—-0
[113] [115p] 806(q1) 2( ot ?(q2))
(Zo+2R) (Zo+2R) 1 i
_ Kot 2, — ~(Z+2R—@
(Zy+2R) - 1 _
<~——_— *~.0——(Zy+2R—
¢(g2) |:Z0 +2R }
— —F — 0| <0,
2 20(q2)
where the first inequality holds because 0f = 2572 < § and the second inequality holds because § < 607, =
Zo+2R
2¢(q2)

Finally, if 0 < 0F < 0%, then

E[IT;) - B[] = -

50+ 2R~ 06(a)) 5 (Zo + 2R~ 09(02)) = 50(6(a2) ~ 6(a:)) <0,

S 2
Therefore, it is always the case that E[I1},] > E[II}].

(i) This proof consists of two steps. In Step 1, we compare E[II;,] and E[IL;;] in three different ranges of R. In
Step 2, we show that there exists R such that F[II;,] > E[Il;,] if and only if R > R”.

Step 1. Using Proposition 1, we observe that
— _ 1. —
RQG - RQP = 5[29(]@@0 - ¢)(q2)) - (VG - QKG)] > Ov

because 0(kiqo — ¢(q2)) — (Vo — 2Kg) > 0 by Lemma 5, where k,qo — ¢(¢2) = (q0 — ¢2) (k¢ + 8) — k, > 0 by

Assumption 2(i). We consider the following three different ranges of R.

First, suppose that R,p < Ry < R. Then, Oy =050 = 9, and using Lemma 4, we have, by Lemma 5,

E[H;P] - E[H;G] = [g(kt% - ¢(QQ)) - (VG - QKG)] > 0.

| —

Second, suppose that R.p < R < Ryg. Then, 05p = 6 and S 6. Using Lemma 4, we observe that

OB~ Fly)) | 2R+ 2+ Vo200
3R thqoe ’

when R < Ry = k,qo0 — 2etYa=2Kc  Therefore, E[II},] — E[Il;;] is strictly increasing in R when R €

Rop, Roc). Using Lemma 4, we observe that E'|I1},] — F|II}.] is a quadratic in R with a negative quadratic
2P 2G

coefficient and the maximum is achieved at R = R,. Therefore, E[II;,] > E[II;;] if and only if R > R’, where

R = kol — 5 (Ve — 2K+ Zo) —\ keaol((Feto — 9(02))F — (Vs — 2K)),

noting that the expression inside the square root is positive by Lemma 5.
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Finally, suppose that R < R,p < Ryq. Then, 0, < 0 and 6}, < 0. Using Lemma 4, E[II},] > E[II;.] if and
only if R > R, where

R— (Ve —2K¢)/ ¢(g2) _ ﬁ
2(Vkego — vV $(g2)) 2

Note that ¢(g2) > 0 by Assumption 2, and v/%,qo — /#(g2) > 0 because kg0 — ¢(q2) = (s +k.) (g0 — g2) — ki, >
0 by Assumption 2.

Step 2. Now, we show that there exists R such that E[II},] > E[II;] if and only if R > RT. We consider two
cases depending on the value of R.

First, if R < R,p, then (a) when R < R,p, E[II;,] — E[II55] > 0 if and only if R > R, (b) when R €
[Rap, Rac), E[I;p] — E[I1;,] is strictly increasing in R, and (c) when R > R,q, E[IT5,] — E[IL;,] > 0. There-
fore, E[IT;,] > E[IT;,] if and only if R> R= R”.

Second, if R > R,p, then (a) when R < R,p, E[II;,] — E[II;;] <0, (b) when R € [Ryp, Rog), E[II5,] —
E|[IT;,] is strictly increasing in R, and (c) when R > R,q, E[II;,] — E[IT}.] > 0. Therefore, there exists RT =
R’ € [Ryp, Ryg) such that E[I1;,] > E[IT;] if and only if R > R”. O

Proof of Lemma 2.

®

(ii)

Using (20), 07 = 6F if 67 < 0, and 07 = 0 if 6F > 0. Similarly, using (21), 6, = 05, if 05, <0, and 05, = 0 if
0F, > 0. Therefore, 0, > 07 if F, > 0F. Comparing (20) and (21), we observe that it is always the case that
03p > 01, because ¢(q1) — d(q2) = (s + ki) (1 — g2) > 0.

Using (22), 03, = 0%, if 0., <0, and 0}, = 0 if 0%, > 0. Therefore, 0}, < 0; if 65, < 6F. Comparing (20) and
(22), 0% < 0T if and only if R > R, where RC = Ya=2Ka)o() _ Zo Note that kyqo — (1) = (s + k+) (g0 —

- 2(ktqo—¢(q1))
¢1) — k, > 0 by Assumption 2. We observe that

P _ c_& 1] — — —
= = o g — (@) [20(kia0 = é(a1)) = (Ve = 2K)] >0,

because 0(k,qo — ¢(q1)) > (Vo — 2K ) by Lemma 5, where k,qo — ¢(q,) > 0. Also,

_ ko (20(¢(q1) — keqo) + Vo — 2K¢]
2(¢(q1) — krqo)
because 0(¢(q1) — k:qo) + Vo — 2K < 0 by Lemma 5, where ¢(g1) — kiqo < 0. Therefore, R < Ry, Ryq.

This means that, when R < RC, it is always the case that 7 < 0%, < 6, and thus 07 < 0%s. When R > R€, then

Roc — R¢ >0,

0%, < 6F, which necessarily means 63, < 6;. Thus, we have shown that 85, < ;7 ifandonly if R> R°. O

Proof of Proposition 3. If V; < 2K, then R = R < 0 by Proposition 2, and thus the MA insurer always chooses

Plan 2P and enrolls more beneficiaries than Plan 1 by Lemma 2. If V; > 2K, then the results trivially follow from

Proposition 2 and Lemma 2. Now, we show that (a) RT > 0 when Vj, is sufficiently high, (b) RT = R < R,p and

R< qokfé /2 when 0 is sufficiently high for a given V¢, and (c) R® < R when q2 (< qy) is not too low.

(a)
(b)

It is straightforward to see this from the expression of Rin (11) and the proof of Proposition 2.

PP n_ (Va—2Kg)y/#(a2) Py . . . T _
We have Rop — R = ¢(q2)0 o) \/Am_ o) Therefore, if 0 is sufficiently high for a given V;, then R

R < Ryp by Proposition 2. Also, R is independent of 0, and thus R is smaller than ¢,k26/2 if @ is sufficiently
high for a given V.
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(¢c) Using (11) and (13), we can rewrite R and RC as follows:

= (Ve —2Kg) < \/kp+thZ+(Q2—QO)3 > Zo
2 VFEigo = /kp + kiga + (g2 — qo)
(Ve —2K¢) (kp +keqr + (g1 — QO)5> 2
2 (s+ki)(go—q1) =k, 2
Although ¢, < ¢, suppose that we have ¢, = q;. Then, we observe that

RC =

Vo = Vky + kit + (02— q0)s Vo — vk + gy + (a1 — Vo + /by + kigy + (01— q0)s
V(b + keqr + (@1 — q0)s) + (ky + ke + (@1 — q0)5)
; (s+ke)(go—aq1) =Ky
kp+kiqy + (1 — qo)s
(s+k)(go—a)—k,’
where k, + k.q1 + (¢1 — g0)s > 0 and (s + k;)(qo — ¢1) — k, > 0 by Assumption 2. Therefore, if g, = ¢;, then

Vkp+ ke + (2 —q)s  Vky kg + (@ —q)s Vo +Vkp + ki + (0 — qo)s
)s

RC < R because Ve > 2K¢. Itis easy to see that Ris strictly increasing in ¢,. Therefore, there exists ¢. € [0, ;)
such that, if ¢, € (q., ), then RS < R, and if ¢, < ¢., then R® > R. O

Proof of Proposition 4. Let R” (k,, k,) = R(k,, k,) represent R as a function of k, and k,. We first obtain the following

two partial derivatives of R. First, we have

aR(km kp) _ (VG - 2KG)\/ k:qo >0, (24)
akp (Q2 \/k'tQO \/ Q2

because Vi > 2K by Assumption 3 and gb(qg) > (0 by Assumption 2. Second, we have

81%(/@, k,) _ 900 (Ve —2K¢)(ky, — (g0 — q2)5)
ok, 4\/%\/7 Vo = /6(42))?

It is easy to see that 2& >01fk <(go— g2)s and 2% <01fk > (go — q2)$.

(25)

Now, we show the followmg 1nequal1t1es one by one: R(k,l, kpo) > R(k,Q, kpo) > R(km kpi) > R(kﬂ, k,1). First,
(ktl,kjﬂ) > R(kjtg,k:pg) because < 0 noting that ky2 > (go — ¢2)s. Second, R(ktz,kpg) > R(k‘tg,k‘pl) because
> 0. Last, R(ktg, k1) > R(ktl, kpl) because > 0 noting that k,; < (g0 — g2)s. O

Proof of Proposition 5. This proof consists of three steps. We first explore the comparative statics of R* = Rand R°
with respect to k, in Step 1 and with respect to k, in Step 2. Then, we combine these results in Step 3.
Step 1. We obtain the comparative statics of R and RC with respect to kt We first establish the following result that

we use in the subsequent proof: if we assume ¢; = g3, then

OR _ qo(Ve —2Kq)(ky — (g0 — ql)s)
Ok, 2(((]0—(11)(kt+5) _kp)2 ’
OR _ q0(Va —2Kg)(ky, — (90 — g2)3)

Ok AvFugoy/6(a2) (Vedo — /6(a2)?
_00(Ve —2K¢)(kp — (90 — ))(\/%Jr ¢(42))*
Wketo/9(g2) (keto — 9(¢2))?

_ 20(Ve —2Kc)(kp — (90 — ¢2)5) 1l 1

F L
2((qo0 — g2) (ke + 5) — k)2 \ @ 2 Vkiqo

=
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Note that

@ _ ’_QO(VG —2K¢)(ky — (90 — g2)s) % |14 1 ) Vkigo 4 V(g2)

Ok, 2((q0 — q2) (ke + 5) — kp)? 2 Vo(q2) Vkiqo

7(10(VG —2Kq)(ky — (g0 — ¢2)5)

>2.
B ’ 2((q0 — q2) (ki +8) = k)2 |’
2 . c
because for any A, B > 0, we have (\/—‘/g — ‘/—\/E) =442 —2>0. Thus for ¢, = g, we have S—Z >2. aa}zt .
(i) Suppose k, < (g0 — ¢1)s < (o — q2)s. Then, we have R ORY - () pecause Ve > 2K by Assumption 3.
1YY P o — 4 o — 4 Dk Oy y p
Therefore, if ¢; = ¢., then aan,, >2. %, and thus g—lﬁ — %’zf > % > 0. This means that when ¢, (< ¢;)
is sufficiently close to q;, we have R—R°>0 by the proof of Proposition 3 and gTi — aa’f; = a(Ra;?c) >0

OR : . . oRC . .
because o5, 1S continuous in g, and Br 18 independent of g5.

i) Suppose (qo — q1)s < k, < (go — 2 )s. Then, we have 22 >0 and ORY <) where 22 and 22 are not zero at
PP qo — ¢ P do — ¢4 Bks EP Oky Bk
. p_pC
the same time because q; > ¢». Therefore, 8(}_‘:%? ) > 0.

(iii) Suppose (go — ¢1)s < (go — g2)s < k,. Then, we have 2—57 % < 0 because Vg > 2K by Assumption 3.

' . c 5 c c .
Therefore, if ¢; = g2, then g—lﬁ <2. %, and thus g—lﬁ — %’zt < 38% < 0. This means that when ¢, (< q;)

ok _ 8RS _ 9(R—R%)
dak Ok Oky <O

is sufficiently close to g;, we have R—R°>0 by the proof of Proposition 3 an

R . . . c .o
because 2£ is continuous in ¢, and % is independent of ¢,.

ks
Therefore, there exists ¢, € (0, q1) such that, for all ¢, € (ng q1), we have ACF (Ko, k1) > A (kyy, K,y ) by cases (i)

and (ii) and ACE (k;y, kpe) > AF(kyo, ko) by case (7).

Step 2. We now differentiate R and R€ with respect to k,. Using eq. (24) in the proof of Proposition 4, we have

OR _  (Vo—2Ke)Vhay (Rt +V9(@)’ _ (Ve —2Ke)VEa(VFido + v/6(a2))’

= >0.

Oy 4/0(@2) (VEdo — VO @)?  (VFdo + /0(a))? 4/6(g2) (krgo — B(g))?

Also, we have

OR® _ kiqo(Ve — 2K¢) >0
Ok, 2(kp, — (qo — q1) (ke +8))? .

Therefore, if we assume that ¢, = ¢y, then

OR  ORC (Ve —2K¢)VEiqo % ((\/ kigo +/d(q1))? . M) _ (Ve —2K)Vkiqo % kigo + ¢(q1) >0

Ok, Ok, 2kigo — é(ar))? 2/6(0)) 20k —0(@))® T 2v/6(q)
This means that when ¢, (< ¢;) is sufficiently close to ¢;, we have % — %Z: = a%;fc) > 0 because % is contin-

uous in ¢, and %’%C is independent of ¢,. Therefore, A% (ky, kpo) > AR (Ko, kypr ).

Step 3. Combining results from Steps 1 and 2, we have A“F(k;, kyo) > AR (ko kpa) > AE (kio, kpr) >
ACR(kthkpl). O

Proof of Lemma 3. We show the results in two steps. In Step 1, we obtain the optimal enrollment level in the central-
ized system. In Step 2, we evaluate the social welfare, health outcomes, and healthcare expenditures.
Step 1. In the centralized system, the social planner can determine (67, z;, R) freely to maximize social welfare subject

to E[IL;] > 0, where E[II;] can be expressed as

0r 0r
Bl = / (R+ qi:0) £(6)d6 — / (g + Fy - Locram)0+ K - Lic acy) f(8) 6. (26)
0 0
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Therefore, E[I1;] is increasing in R and z;. Then, we observe that, for any given (0}, z;), the optimal R is such that
E[II;] = 0 because W = CW — C' is decreasing in R (specifically, CW is independent of R and C is increasing in
R). Thus, the constraint E[II;] > 0 always binds at the optimal solution. Then, we have

i

3

W= [ W= RO+ | (U= ako)s0)as
:/i(VH—qi50+VG-lie{QG})f(G)dG—/i(R+qixi0)f(0)d0+/9 (Us — qok28) £(0)d0

*

or g
= [V st by Lm0+ (Vo — o) Licisen) F0)d0+ [ (U= aok?0)(0)as,
0 or
where we replace the second term in the second line using (26) and E[IL;] = 0. Then, W, becomes a function of ¢7

alone without R or x;. Now, we have

aW’L 1 * o * *
90 7 [Zo + (o — 4:)80; + (qok{ — qik:)0; — kp - Licp1 om0 + (Vo — Kg) - Liczary]

which is strictly positive for all plans, because k¢ > k, by Assumption 1, (go — ¢;)k; > k,, for i € {1,2P} by Assump-
tion 2, and V; > 2K by Assumption 3. It is then optimal to set 6% = @ for i € {1,2P,2G}.

Step 2. First, in the last expression of WW; in Step 1, we observe that the integrand of the first term is smaller for Plan 1
than for Plan 2P, because ¢; > ¢». Since 0; =6, = A, we have W, < W,p, and thus Plan 1 never achieves the highest

social welfare. Also, we have

Wap — Wae = / (5 + ko) (@0 — 02) — k)0 — (Vis — K5)) £(0)db,

where (s + k,)(qo — g2) — k, > 0 by Assumption 2. Thus, if Vi is sufficiently small (and correspondingly if K is
sufficiently small too because V; > 2K by Assumption 3), then we have Wyp > W

Second, when 0} =05, =05, = 6, the health outcomes are O; = ¢y — ¢1, Oap = o — ¢o, and O = 0, and thus
Oyp > O; > O,y¢. Therefore, Plan 2P achieves the best health outcome.

Finally, the healthcare expenditures are F, = foé(ql k.0 + k,0) dF(0), Eyp = foé(Qthe +k,0) dF(0), and Eyg =
J Oé(qok,ﬂ + K¢) dF(0). We observe that the integrand is smallest for E,p, followed by F; and Es¢, because (gok.0 +
Kq) — (ki + k,0) = Ko + ((qo — q1)k: — k,)0 > 0 by Assumption 2 and (¢ k.0 + k,0) — (¢2k:0 + k,0) =
(¢1 — q2) k0 > 0. Therefore, we have Esp < E; < Es and Plan 2P achieves the lowest healthcare expenditure. |

Proof of Proposition 6. This proof consists of three steps. In Step 1, we show that 05, (R5p) > 05, (R5:). In Step
2, we compare the health outcomes and healthcare expenditures. In Step 3, we obtain the conditions under which
Wap(R3p) > Waa(Rie).

Step 1. When R = R, we can obtain the following relationships using Lemma 4:

Then, 0;5,(R) > 03, (R), because E[II;(R)] = E[II},(R)] by Proposition 2 and k,qo — ¢(q2) = (ki + 5)(qo — ¢2) —
k, > 0 by Assumption 2. Therefore, 05, (R5p) > 03 (R; ), because R, > R > Rj, by the (IC2) constraint and both

0;5(R) and 05 (R) are increasing functions of R by Lemma 4.
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Step 2. First, the health outcome is always zero under Plan 2G regardless of 0., O = 0, but it is strictly positive

under Plan 2P, O, > 0, because O»p = gy — (foegp q2 dF(0) + f:* do dF(9)>, where 65, > 0 and g, < go. Thus, we
2P

have OQP(R;P) > Ogg(R;G).

Second, the healthcare expenditures under the two plans are

0%p 0
Egp = / (qgktg + kpg) dF(a) +/ qufQ dF(g), and
0 05p
(298 0
Foe = / (dohif + K o) dF(0) + / wke6 dF(9).
0 03
We observe that the integrand of the first term of F,p is smaller than the integrands of any other terms of F.,p
and FE,q. This is because (qok.0 + K¢) — (¢2k:0 + k,0) = Ko + ((go — g2)k: — k,)0 > 0 by Assumption 2. Also,
qQok?0— (q2k0+k,0) > ((qo — g2)kt — k)0 > 0 by Assumption 1 and Assumption 2. We have shown that 6, (R3 ) >

05 (R3sc) in Step 1, and thus we have Eyp(R3p) < Eoq(Rig)-

Step 3. In this step, we obtain the conditions under which Wyp (R3 ) > Wae (R3). We can easily see that R” = R =0
when Vg = Vo (Kg) = 2K¢ + Z, ( v 1>, and R > 0 if and only if Vg > Vg (K¢).
\/ #(a2) ~

First, we show that W, (0) > W55 (0) when R =0, Vi = Vo (K), and Vi (and correspondingly K ) is sufficiently
small. When R=0and V; = VG(KG), we have
Zolk? Zoqo (kego — $(g2)) — 4K LM\/ ?(q2)$(g2)]

8k qo9(g2)0 7

where k;qo — ¢(q2) = (k;+5)(go — ¢2) — k, > 0 by Assumption 2. Thus, if Vi (> 2K by Assumption 3) is sufficiently

Wsp (0) - W2G(O) =

small, then K is sufficiently small, and we have W, (0) — W5¢(0) > 0.

Second, we show that when Vg, = Vi (K¢ ), we have Wop (R} p) > Wap(0). When the social planner wants to induce
Plan 2P by solving (14), the whole set of constraints reduces to R > R =0, and we show in the proof of Proposition 7
that the optimal capitation payment is always strictly positive, 5, > 0. That is, the constraint does not bind and thus
Wop(R3p) > Wap(0).

Third, we show that limy, 5, o)+ Waa(R5g) = Wae(0). When inducing Plan 2G by solving problem (14), the
constraint becomes R < R, and thus the feasible solution is R € [0, R). When Vg — Vi(K¢)™, we have R — 0+,
Thus, limy,, 7, o)+ Waa(Rig) = Wae(0).

Combining the above results, if Vo (> 2Ks by Assumption 3) is sufficiently small, K is sufficiently small,
and as Vi — Vg (Kg)t, we have Wap(R5p) > Wap(0) > Wae(0) = Wae(R3,). By continuity, there exists € > 0
such that, if Vo € (Vo(Kg),Va(Kg) + €), then Wap(R5,) > Waa(Ri). This condition on Vi is equivalent to
Vo —2Kq € (ZO ( Vo —-1),7%, Ve — 1) +e>. Note that if V5 is too small, we may have V5 — 2K <

\ ¢(a2) ¢(q2)

Zy \/% — 1 ). But in this case, we have Vg < VG(K <) and the feasible region is empty when inducing Plan 2G.

Thus, we ignore this case. O

Proof of Proposition 7. According to the discussion in Section 7.3, we can simplify problem (14) as follows.

max  Wap(R) = CWap(R) — Con(R),

Re[0,Rop]

st. R>R.
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We show the result in two steps. In Step 1, we obtain the optimal solution R; .. In Step 2, we obtain the comparative

statics of the optimal solution with respect to k;.

Step 1. We constrained R to be within [0, R, ], butit is easy to see that, even without this constraint, any R € (Ryp, o0)
cannot be optimal. Therefore, we only consider R € [0, Ryp]. We observe that W, (R) is a quadratic function of R,

the coefficient of the quadratic term is

kPqo — 2¢(92)

— , 27
204(q2)*
and the first-order condition, W; ,(R%,) =0, is satisfied at
F k7 Zoqo (28)

7 2026(0e) — kpo)

We can divide the problem into three cases.
(i) If k2qo > 2¢(q2), then (27) is strictly positive and Wap(R) achieves its minimum at R}, < 0. Therefore,
Wa,p(R) is strictly increasing in R € [0, R, p], and thus the optimal solution is R}, = R,p. This solution satisfies

the constraint, because Ry p > R.

(i) If k2qo = 2¢(g2), then we observe that W, (R) becomes a linearly increasing function. Therefore, again, the

optimal solution is R}, = R, p, which satisfies the constraint.

(iil) If k2qo < 2¢(q2), then (27) is strictly negative, and Wyp(R) achieves its maximum at R, > 0 and strictly
increases in R € [0, R%,]. Therefore, if RY, > R,p, then the optimal solution is R}, = R,p. If RY, < Ryp, then
Wap(R) achieves its maximum at R = R}, and is strictly decreasing in R € [R}},, R,p]. Thus, considering the

constraint, the optimal solution is R, = max{RL,, R}.

Step 2. We compare R;, with Rf, ), where R{,p, is the solution without the constraint. We observe from Step 1 that
the constraint binds if and only if RS, < R in case (iii). When the constraint does not bind, we have R;, = R(,p),
and when the constraint binds, we have R}, = R> Riypy = R!,. Therefore, in the rest of the proof, we show that
there exist k] < k, < k¢ such that the constraint does not bind when k, < k{ and the constraint binds when &, > k,. (By
Assumption 1, we have k; < k7, and thus we set k, = k? when we cannot show the existence of the constraint-binding
region analytically.)

We observe that ¢(q,) = k, + kiqa — (go — ¢2)s is strictly increasing in k, and thus there exists &/ > 0 such that
2¢(qz) > k2qq if and only if k, > k}'. (If k' = 0, then 2¢(q,) > k?q, for all k, > 0.) Then, we are in case (i77) of Step 1
if and only if k, > k. In case (iii), we observe that R}, expressed in (28), is strictly decreasing in k, € (k’,o0),
where lim,, _, .. RS, = 0. Also, Ryp, expressed in (9), is strictly increasing in k,, where limy, _, ., Rop = co. This
means that there exists k, > k' such that RZ,, < R,p if and only if k, > k.

Therefore, R}, = R,p when k, < k, and R;, = max{R%,, R} when k, > k. Here, if k, > k2, then the constraint
never binds, because R, = R,p forall k, < k¢ and, by assumption, Rop > R for all k, < k. Therefore, we now need
to consider only the case when k] < k?. We consider two cases depending on the value of k,,:

(a) Suppose k, < (go — g2)s. Then, when k, = 0, we have ¢(q,) = k, — (g0 — ¢2)s < 0, and thus it must be that k" >

0. Moreover, hmkt—n;;”r R, = 00, and thus &} > k!’. Then, when k, = k;, we are in case (4ii) of Step 1 and we

have RE, = R,p (> R). As we have shown, R, is strictly decreasing in k, € (k}', 00), where limy, _, .. RE,, = 0.
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(b)

We also observe that R is weakly increasing in k; when k, < (g0 — ¢2)$, as we have shown in the proof of
Proposition 4. Thus, there exists k, > k/ such that RY,, > R when k, € [k, k,] and RE, < R when k, > k,. (It
is possible that R}, > R for all k., in which case we set k, = 00.) Therefore, the constraint binds if and only
if k, > k,. Note that this implies that l_cI = k,. Since k; is bounded above by k¢, if k< k¢, then the constraint
binds if k, € (k.,k?). If k, > k¢, then this constraint-binding region does not exist, in which case we simply set

k; = k¢ to simplify the exposition of the proposition.

Suppose k, > (qo — ¢2)s. Suppose that, for any given k, < (go — ¢2)s from case (a), there exists k, such that
k, < k2. Then, for k, € (k,, k¢), we already know that we are in case (iii) of Step 1 and RZ, < R. Note that
R strictly increases in k,, by (24) in the proof of Proposition 4. Also, we can easily see that R}, expressed in
(28), strictly decreases in k,. Therefore, we can conclude that, even when k, > (qo — ¢2)s, we have RY, < R for
k, € (k;, k?). We have already shown that R}, = R,p when k, < k!, and thus we can set k] = k.. Again, if the

constraint-binding region does not exist, we set k, = k?. ]

Proof of Proposition 8. Suppose that the constraint IC2 binds and the conditions in the proposition hold. Denote

AW =W, — W/ . Solving the two cases, we have

e = 28+ Zo(—46(1)0 + 2k7900) + (=26(q1) + k790)0(k? 000 + 050 — 2Vin)
' 46(0:)0 — 2k g0
(VG — QKG)?'dl + 4(VG - QKG)d2 + 4¢(Q2)(¢(Q2) — tho)Qg(QZO + kf%g“‘ %35 — 2VH)
86(¢2)((g2) — szO)Qg
dy =(¢(q2) +2/7 + k:q0) (k7 g0 — 26(g2))

dy =Zy9(q2) (keqo — (q2)) (1 + keTqo)

T=1/vVk:(q2)0-

* p—
Wip=

From these expressions, we can see that AW is quadratic in Vg, and it is easy to check that

PAW B 2(¢(q2) — k2qo/2) (1 +kqo \/ktqo(k;p+kt;2*q05+425>)
A% 4(q2) (kp — (g0 — ¢2) (ke + 5))20 .

Hence, when ¢(q2) — k2q0/2 > 0, AW is concave in V.

We next show that AW is first positive and then negative as we increase Vg from 2K . For the first claim, let

V& = 2K . We then have R < 0 and hence the IC2-constraint does not bind. As we increase V&, from the monotonicity

of R with respect to V it is easy to see that eventually the constraint binds, until which point the difference AW must

be positive.

For the last part, let us increase V. Since AW is concave in Vg, either it becomes negative or either Assump-

tion 2(iii) (for Plan 1) or Assumption 3(ii) is violated (we can check that Assumption 3(ii) is always stricter than

Assumption 2(iii) for Plan 2P). We show that under our assumptions, the value becomes negative such that neither

constraint binds.

We first show that Assumption 3(ii) is not violated when ¢, is not too low and 2¢(g,) > k2qo (and hence 2¢(q;) >

k?qo). To that end, denote

V= 2(Ke — ¢(q2)0 + v/ ¢(g2) ke qof).
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Then we have R < R,p if and only if Vg < V. To see that Assumption 3(ii) is not violated, we can check that

AW (Vg =V) <0. We have

AW(VG _ ‘7) _ _Zg - (2¢(Q1) - kaO)(2¢(Q2) - k’f%)ai‘F 2Z05(2¢(91) - kaO) 7

2(2¢(q1) — k7q0)0

where the denominator is positive by our assumption. If ¢, = ¢;, then the numerator is a quadratic form and always

negative, and clearly it is also negative for ¢, < ¢; for g, not too low.

We will next show that Assumption 2(iii) (for Plan 1) is not violated when 0 is high enough. Recall from the
assumption that V¢ = 2K + (k.o — ¢(q1))0. Substituting this into AW, we have

QIZOZ + QQZ()g + 01352

8¢(Q2)(2¢(Q1) - kao)(V kiqo — vV ¢((12))2§
&3} :4¢<Q2)( vV kigo — v/ ¢(Q2)>2
ay = — 4/ 0(q2) (keqo — (1)) (20(q1) — k7 q0) (v kego — / (q2))
as =(o(q) — th0)2(2¢((11) —k7q0)(20(q2) — k7 q0)-

AW(VG - VG) -

The denominator is positive for 2¢(q;) — k2qo. Differentiating for 6, and noting we must have k,q, > ¢(q;) and

k.qo > ¢(g2) in Assumption 2(iii), we can check that the numerator is positive for high enough values of 6. (|

Proof of Proposition 9. We first observe that we can drop the fraction of j-type beneficiaries, o, in the objective
function and in the second constraint without altering the problem. Then, the objective function II? increases in the
treatment charge 7, and the threshold 67 (/) (weakly) decreases in z. Therefore, the treatment charge that maximizes
117, denoted by Z7, must satisfy 67 = 67 (z?) because of the first constraint. Thus,
= (g9 — Qf)SJ i Z§+ Vo - .1i€{2G} .

a 07q;

We verify that (Z] + s7)q] — s7¢j, > 0. When z} = %/, we have

IH(z]) =R+ Z{ + (Vo — Kg) - Licizay — (KL Licpiopy + Klal — (@) — q])s7) 6. (29)
Then, IT7(z7) > 0 if and only if

g7 < i — R+ Zi+ (Vo — Ka) - Licaay
- kj-Vlicpiopy +Kig — (g0 —aqi)s’ ’

(30)

where the denominator is strictly positive for all i = {1,2P,2G} by Assumption 2. If §7 < 7, then the MA insurer
finds it profitable to enroll the j-type beneficiaries, and the optimal solution is z/* = Z7. If 67 > éf , then the treatment
charge 7/ generates a strictly negative profit and the MA insurer is better off not enrolling the j-type. The MA insurer

can prevent j-type beneficiaries from enrolling by setting 27" sufficiently high so that 67 > 67 (x7*). O

Proof of Proposition 10. In equation (29) in the proof of Proposition 9, we observe that IT},(Z5,) > I13(Z}), for
any j € {l,h}, because q] > ¢3. Thus, the MA insurer never chooses Plan 1. Between Plans 2P, and 2G, we have
I (Zhe) > 1L 5 (%1 ) if and only if

Vo —Kg

<= G G -
(@0 — @) (k] +s7) — k)
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Let A1 =klqh, As =k + kiq) — (g} — ¢3)s’, As = Vg — Kg, and A, = R + ZJ. Then, we have §/ = 22

A-Ap°
01, =24 and 0, = A3+A4 . We observe that
i q o AsAs— (A —Ay)A i Ay Az — (A — Ay) Ay
9l —9 = d 07 — 03
2G 2P A1A2 an 2G — A (Al _A2)

Note that A, — Ay = (¢} — ¢3) (k] + s7) — k7 >0 by Assumption 2. First, if égp < 67, then A, A; > (A — Ay) A,
Thus, we have égp < é;a < 67, Second, if égp > 07, then A, A; < (A; — Ay)A,. Thus, we have 07 < ééc < égp. In

each case, the result follows from the definitions of 9f and 67, |

Proof of Proposition 11. Note that R” = R by Assumption 3, and both R and RC are independent of @. In this proof,

we use the following results that we have already shown in the proofs of Proposition 4 and Proposition 5: (1 BR >0
d%%>0,(2)g—g>01fkp<(qo—q2)sand8R<01fk > (qo — q2)8, and (3) 28— >01fk < (qo ql)sand
C .

G- <0if ky > (g0 — q1)s.
(i) We can express R and RC as functions of qo by substituting ¢; = gy — 9, and g, = ¢y — J,, eliminating ¢; and

q2. Then, we have

2 ko(Ve = 2Ke) (VFido + /kp + Figo — 0 (ke + 5)) o

90 4v/Eeqo/kp + keqo — 02 (ki + 8) (VEeGo — /Koy + KeGo — 02(ke +5))
where k, + kiqo — 02(ki + 8) =k + kigz — (g0 — ¢2)s > 0 and vk, qo > /k, + ktqo — 85(k, + s) because
kigo — (kp + keqo — 02 (ki + 5)) = (ki + 8) (g0 — g2) — k,, > 0 by Assumption 2. Also, 25— = ;{;%‘jim >0,
where d,(k; + s) — k, = (g0 — 1) (ks + 8) — k, > 0 by Assumption 2. Noting that (go — ¢1)s < (g0 — ¢2)s, we

have the following results.
(a) We have > 0, 2 (?k >0, ok > 0, and < > 0. Also, ifk, <(qo—q)s, we have > 0 and 0.
Then, it follows that (R)* § (RC) and (RT)L < (RT)H
(b) If we assume k7 = &k, then it naturally follows that (R°)* < (R°)¥ and (RT)L < (RT)#
(if) We can express R and R as functions of ¢, alone by substituting g, = 6,qo and gz = d2q,. Then, we have
R —k ki (Ve — 2K¢)
dqo E oy — qos + 02q0(k: + ) (VE:Go — \/kp — qos + 02q0 (ki + 8))2
where k, — qos + O2q0(k: + 8) = k, + kigs — (qo — @2)8 > O by Assumption 2. Also, oRC

)

9qo
2(k7f25€¢§:/31;(2:i1))2 <0.1If k, > (go — =) s, then we have 22 < 0 and % < < 0. Thus, if we assume kL =kl >
0 — @28, then it follows that (R¢)* > (R)H and (RT)* > (R™)". a
(0 — a2)

Appendix C: Parameter Calibration

To draw figures in the main body, we roughly estimate the parameter values as follows using diabetes as an example,
based on readily available information in the literature. We by no means claim that these are accurate estimates. Rather,
we want the parameter values in our figures to be within reasonable orders of magnitude.

* ¢; (episode risk): According to the 2020 National Diabetes Statistics Report, 7.8 million hospital discharges
were reported with diabetes as listed diagnosis in 2016 (Report available at https://diabetesresearch.org/wp-
content/uploads/2022/05/national-diabetes-statistics-report-2020.pdf). This corresponds to 339 per 1000 adults
with diabetes, or 33.9%. Note that this value may include multiple episodes of a single individual, but at the
same time does not count minor episodes that did not require hospitalization. Considering this, we roughly set

qo = 0.34 with ¢; and ¢, offering some 10%-20% reduction from g.
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» R (capitation payment): According to Zuckerman et al. (2017)', the typical annual capitation payment was
between $8616 and $9814 in 2015. However, our model considers only the costs related to the treatment of
diabetes (instead of all medical conditions), and thus an appropriate value for R may be less than this amount.
We suppose that the reasonable range of R is roughly between $5,000 and $10,000. For most figures, we do not

need to set the value of R, because they either have R on the vertical axis or endogenously set the optimal R.

* 6 (maximum vulnerability): This is a theoretical parameter that does not affect the numerical analysis itself as
long as the values of kfﬂ_, k.0, k,ﬁ_, and s6 are kept fixed, as we can see in the definitions of the MA insurer’s
profit in (2) and beneficiaries’ utilities in (1) and (3). We choose 6 = 100 for simplicity and choose appropriate

values of k7, k:, k,, and s accordingly.

e k¢ and k, (marginal treatment cost in OM and MA plans): According to the American Diabetes Association?,
the average annual medical expenditure attributed to diabetes in 2017 was $9,601. If we assume that this value
is roughly equal to the expected treatment cost for a beneficiary with an episode risk of g, then E[k;qo0] =
k.qof/2 = $9,601. Using g, = 0.34 and § = 100, we have k, = 565. We explore the range &, € [450,600] with

ky =610 in our numerical analysis, which satisfies k; < k7 in Assumption 1.

* k, (marginal preventive-benefit cost): According to a report by KFF, the average annual budget used for
MA plans’ supplemental services was $996 in 2019 (See https://www.kff.org/medicare/issue-brief/higher-
and-faster-growing-spending-per-medicare-advantage-enrollee-adds-to-medicares-solvency-and-affordability-
challenges/). Assuming that this budget is roughly equal to the average cost of preventive services for the entire
population of beneficiaries, we have E[k,0] = k,0/2 = $996. Using 6 = 100, we get k, = 19.92. In practice, k,
may be less than this value, because the supplemental-service budget is also used for services such as dental,

vision, and hearing. Thus, in our numerical analysis, we pick values from the range k, € [10,20].

* K (general well-being supplementary services cost): Similar to the estimation of k,, we suppose that the
average annual budget for MA plans’ supplemental services, $996 in 2019 according to KFF, is roughly equal

to the cost of general well-being services under Plan 2G. We set K = 1000.

* Vg (value of general well-being benefit): In order to satisfy the assumption Vg > 2K in Assumption 3, we
choose values in the following range: Vi € [2.5K ¢, 3.5K¢] = [2500, 3500], which can generate figures with

different equilibrium outcomes.

* 7y (annual premium under Plan 0): According to an article by Forbes, the most popular
Medigap plan is plan F, which provides the most comprehensive supplemental coverage (See
https://www.forbes.com/health/medicare/medicare-plan-f/). The article says “People who are eligible for Plan
F enrollment can expect to pay a monthly premium between $150 and $400, with the average hovering around

$230.” Using the average of $230, the annual premium is 12 x $230 = $2760. Thus, we roughly set Z, = 3000.

! Zuckerman S, Skopec L, Guterman S (2017) Do Medicare Advantage plans minimize costs? Investigating the relationship between
benchmarks, costs, and rebates. The Commonwealth Fund.

2 American Diabetes Association (2018) Economic costs of diabetes in the U.S. in 2017. Diabetes Care 41(5):917-928.
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* Vg (valuation of the absence of an adverse episode): This is a difficult parameter to calibrate, but we use Quality-
Adjusted Life Year (QALY) to come up with a rough number. QALY measures the value of health outcomes
and is used to estimate the value of medical interventions. According to U.S. Department of Veterans Affairs,
the U.S. healthcare system uses roughly $50,000-$100,000 for the cost per QALY threshold when evaluating
the cost effectiveness of medical interventions (See https://www.herc.research.va.gov/include/page.asp?id=cost-

effectiveness-analysis). Using this as a proxy, we set Vi =75,000.

* s (beneficiaries’ marginal disutility of an episode of illness): In our model, this parameter includes both mental
and physical disutility, and thus is difficult to quantify. Therefore, we choose a value that can generate rich
figures with different equilibrium outcomes. We use one of the following values: s € {60,240}, which are 10%

and 40% of the maximum marginal treatment cost k;, = 600 that we use.
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