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A1l. Analytical Proofs
Proof of Lemma |1} We use to simplify the average patient cost per period as

)\2
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The first and second derivatives of ¢,(a) are given by
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Therefore, ¢, is a convex function of a. Equating its derivative to zero, and ensuring o is non-

negative, we obtain the optimal reward-based upload rate as
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It is increasing in r, since 1/,/¢,, — r, is increasing in r,. As p increases, it is linearly decreasing
when it is positive and remains zero once it reaches zero.

If o* > 0, its derivative with respect to ¢ is
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Suppose p=0. Then lim,«_,oda*/0qg=\/q*- (2 - 2/\/1) = \/q¢* > 0. However, if ¢y, > 16(c,, —

rp) then da*/9q| _, < 0. Furthermore, since the derivative da* /dq is positive until a certain thresh-
old and it stays negative beyond this threshold. Therefore, a* increases in ¢ until this threshold
and then decreases in ¢. Also, this threshold is the point at which da*/0dq equals zero, i.e. g =

16(cup —1p)/Csp- As long as
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initially increases and then decreases in q. Note that if u does not satisfy this condition, then

*
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Proof of Lemma |2} For a panel size of N, the average number of “sick visit equivalents” per

period is
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Note that the average number of mobile interventions in a renewal cycle is (u+ a) /(A + (u+ @)q)
since « is the upload rate and 1/(A+ (u+ «)q) is the expected time taken to get to state N from

state Z. Hence, we obtain
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Clearly, N* is linearly increasing in q. The derivative of N* with respect to p is
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Therefore, if v¢ > (<) 2, N is strictly increasing (decreasing) in a.  Q.E.D.

> (<) 0&vg> (<) 2.

Proof of Lemma [3} Differentiating the provider’s net revenue partially with respect to u, after
some algebra, we obtain Omy(rq, u,)/0pu = vk/X - G(ra, u, @)/ (A\y + p + «)?. Since G is strictly
decreasing in p (for any given «), 7, is strictly concave in p. Also, p* =0 if G <0 and is the unique
solution to G =0 otherwise.

As « increases, G(rg4, 1, ) decreases for any given p, and hence, u* decreases. Part (ii) follows
with a similar logic. As r; increases, G for any given u increases (remains the same, decreases) if
vq >2 (vq=2,7v¢ < 2), which implies p* increases (remains the same, decreases). Q.E.D.
Proof of Lemma [4; We first note that u®+ a® £ & because the patient will then be better by
increasing a to & — u®. We next separately show the result in each case.

Case (i): G(r4,0,6&) <0 and G(rg4, &, 0) <0. There are three possible sub-cases: (a) G(rq,0,&) <0
and G(rq,&,0) <0, (b) G(ry,0,&) <0=G(ry,4,0), and (c) G(ry,&,0) =0=G(ry,&,0). In sub-case
(a), (u a°)=(0,&) is the only possible equilibrium. Note that although the provider will choose
< & when o =0, these two rates do not form an equilibrium since p+ « < & here. In sub-case (b),
both (0,&) and (&,0) are possible equilibria but (0, &) is the Pareto dominant equilibrium since it
provides a strictly higher net revenue for the provider. Likewise, in sub-case (c), any (u,«) with
p+a=ada,u>0,a>0is an equilibrium but (0, &) results in the highest net revenue.

Case (ii): Then G(rq,0,&) <0< G(ry,&,0). We find that there are two possible equilibria: (a)
(1,0) where G(rq4, 1,0) = 0 and (b) (0,&). Equilibrium (a) represents the provider “being the driver”
for uploads while equilibrium (b) represents the patient “being the driver” for uploads. Equilib-
rium (a) is the result if it results in a strictly higher net revenue than equilibrium (b); otherwise
equilibrium (b) is the Pareto-dominant equilibrium.

Case (iii): Then G(r4,0,&) > 0, and G(r4, &,0) > 0. The provider wants to have reminders for any
0 < a < &. Hence, the only possible equilibrium is (f,0). Also, G(r4,&,0) > 0= 1> &.

Case (iv): Then G(r4,0,&) > 0> G(r4,&,0). The inequality implies the provider wants to have
reminders when a = & but wants to have reminder rate below & when oo = 0. Therefore, ¢+ a® # a.
The reasoning is as follows. If the total rate exceeds & then « has to be zero (otherwise patient
would be better by lowering o). However, if « is zero, the provider chooses a reminder rate below
&. The inequalities p® + a® £ & and p® 4+ af ¥ & imply p® 4+ o = &. Finally, the inequality for case
(iv) implies G(rq, p, & — p) is strictly decreasing with the function being positive when p =0 and

negative when p = &. Therefore, there exists a unique 0 < p° < & when the function becomes zero.



Also, (u€, & — p°) is an equilibrium since neither the patient nor the provider wants to deviate from
this point.

Proof of Lemma : We prove by contradiction that case (iv) does not occur at optimality. Suppose
there is a capitation rate r4 such that the conditions of case (iv) and the provider’s participation
constraint (in the payer’s problem) hold. Clearly, since G(r4,0,&) > G(r4,0,&), we have vgq > 2.

Consider a slightly lower capitation rate r/,. Note that the change in capitation rate does not
affect &. The conditions of case (iv) still hold. However, the equilibrium reminder rate reduces and
becomes u¢’. Then G(r/, ', & — ') =0= 1/, — uc,. = rq— p°c, so that the provider’s net revenue
is still greater than m,;. Therefore, reduction of capitation rate still results in the same outcome for
the provider and patient but it increases the payer’s profit.

Finally, we note that in all the other cases of the provider-patient equilibrium, either a®=0 or
u¢ =0, which proves the lemma. Q.E.D.

Proof of Lemma [6f The conditions 74(0,£) > r,(0,&) and 74(£,0) > r,(£,0) are equivalent
since 74(£,0) = 74(0,€) + &c, and r,(£,0) = r,;(0,€) + &c,.. Also, since r,(£,0) = r,(0,€) + &,
G(r,(0,£),0,8) =G(r,(£,0),£,0). There are two possible cases:

(i) 74(0,&) <1y (0,€): Then G(r,(0,£),0,¢) = G(r,(£,0),£,0) > 0. We next show that achiev-
ing a combined rate of £ is impossible for the payer. Any r4 < r,;(0,£) would be infeasible since
Ta(Ta, ty ) < mg(rq,0,€) < m, for any u+ a=¢. Consider ry so that r,(0,£) <r; <r,(&0). Since
ra >14(0,€) >74(0,€), we have G(r4,0,&) > 0. There are then two possibilities. Either G(r4,&,0) >0
which implies ¢ > & and a® = 0 resulting in a combined rate strictly greater than &, or G(r4,&,0) <
0 which implies 0 < p® < ¢ and a° = £ — uf, where G(rq, pu% a¢) = 0. Although it results in a
combined rate of &, this is infeasible because my; < m,; as G(rq, pu%,a°) =0 < G(r,4(0,£),0,§) =
G(r (pe,af), puaf) < rqg <ry(u, a). Finally, we note for any r4 > r,;(£,0), G(rg,&,0) >0 which
implies p® > €.

(ii) 74(0,€) > ry(0,€): Then G(r,(0,£),0,&) = G(r,(&,0),&,0) < 0. First, we consider reminder-
based strategy with (£, 0) as the provider-patient equilibrium. For that to be achieved, r} = 74(&,0)
because otherwise p® # ¢ when af = 0. Also, 7#4(£,0) >1r,(&,0) so that 74 > m,. Since a® =0, the
payer does not reward the patients so that r; = 0. Note that since { > a(0), G(74(¢,0),0,&(0)) >
G(74(£,0),&(0),0) > G(74(£,0),£,0) = 0 which corresponds to case (v) of provider-patient equilib-
rium, and hence, (§,0) is the unique equilibrium.

Next, we consider reward-based strategy. The payer sets rq =1,(0,£) resulting in (0,¢) for the
provider-patient equilibrium, and the corresponding 7, equals m,. Since the payer sets the least

possible capitation rate for the provider to participate, the payer cannot do better under the
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reward-based strategy. Solving the equation G(r,) = ¢ yields 7% = ¢, — A2qcy, /(2A+£q)*. Note that
G(r,(0,6),£,0) < G(r,(0,8),0,8) < G(74(0,£),0,6) =0 which corresponds to case (i) of provider-
patient equilibrium, and hence, (0,¢) is the unique equilibrium.

Finally, we consider the feasibility condition 74(0,§) > r,(0,). Before we examine it in detail,

we first derive the expressions for 74(0,¢) and r,(0,£). Equating G(74(0,&),0,£) to zero, we obtain

A((vq —2)74(0,&) = 2Ay(Cua +¢r) — AvCrm + )\Csd) — XM 2vqcua+ (vg + 2)@)5 —q(Cuat+¢)E¥=0
q(Cua+¢)E% + A(27gCua + (vg +2)c )€ + N2 (27(Cud + ¢) +VCm — Csa)
A(vg—2)

Equating 74(r,4(0,€),0,€) from (6] to m;, we obtain
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The feasibility condition 74(0,&) > r,(0,£) implies
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Clearly, the left side of the inequality is strictly increasing in . The derivative of right side is
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If (vq—2)m, + vk(gcsa — 2¢,,) > 0, then the right side is decreasing in €. As £ — oo, the left side
goes to infinity while the right side remains finite. Hence, there is a “single crossing” and there
exists T, > &(0) such that the feasibility condition is satisfied for any & > ..

If (vq—2)m, + vk(qcsq — 2¢,,) < 0, then both left and right sides are strictly increasing in &.
However, there is “no crossing” in this case as we show next. Specifically, the left side at £ =0
exceeds the right side as £ — oo, i.e.

N(vq—=2) M(my+kesa) +E(my +vhen)
vk 20 +&q

A2 (ZW(Cud +c¢)+yem — csd) > lim
£—o0



< 29(Cua +¢) +YCm — Csq > gk (g +vkenm)

<= 7k(2¢m — qcsa) > (vq — 2)my,

which is true. Therefore, the inequality holds for any non-negative £, and x,,;, = &(0). Q.E.D.
Proof of Lemma [7} (i) Consider reminder-based strategy. For this strategy, rj = #4(£,0) because,
when a® =0, any r4 > 74(£,0) implies p¢ < £ while any 4y < 74(£,0) implies p© > &. Since 74(£,0) >
r,(£,0), the provider’s participation constraint is satisfied. Also, r, =0 since a®=0.

If 74(0,4(0)) > 74(&,0) then G(74(£,0),a(0),0) > G(74(£,0),0,&(0)) > 0 so that case (v) of
provider-patient equilibrium applies, and hence (&,0) is the unique equilibrium.

However, suppose 74(0,&(0)) < #4(£,0). We then have G(74(,0),4(0),0) >0 > G(74(£,0),0,a(0))
which corresponds to case (ii) if £ > &(0) or case (iii) if £ = &(0). In case (iii), (0,&(0)) is the equi-
librium. In case (ii) too, (0,&(0)) becomes the equilibrium since 74(74(£,0),&,0) < ma(74(€,0),€ —
&(0),&(0)) < ma(7q(€,0),0,&(0)), where the first inequality results from the provider unnecessar-
ily doing additional reminders (at the rate of &(0) for every patient) and the second inequality
results because G(74(£,0),0,&(0)) < G(74(0,&(0)),0,&(0)) = 0 since 74(0,&(0)) <74(£,0) and g <
2. Therefore, (&,0) is not an equilibrium in this case.

We then combine the conditions for (¢, 0) equilibrium as 74(0, &(0)) > 74(£,0) > r,(£,0). The lower
bound ¥,,;,, arises from the condition that & > &(0). We show next the inequality 74(&,0) > r,(&,0)
results in an upper bound y,,,,. Similar to the proof of Lemma [6] it implies

q(cud+ )€+ A(2yqcua+ (79 + 2)¢,)§ + A (29(cua + &) +vCm — Caa)
N2y(my + kceq) + N(m, i(zgc;j)
> Ecua +
vk(2X + &q)
& q(cua+ )6+ Mg+ 2) (Cua + ¢2)E + X (29(Cua + ¢) + Cm — Coa)

)\2 (fyq - 2) . )\’y(ld + kcsd) + g(ﬂd + 7k67rb)
vk 220+ &q

<

As £ — oo, the left hand side goes to infinity while the right hand side stays negative (since vq < 2),
thereby violating the inequality. Therefore, there exists ¥4, such that the inequality is satisfied
only if y does not exceed an upper bound, which implies the existence of ¥,z

(ii) Consider reward-based strategy. In this strategy, we show that r% = max(r,(0,£),74(0,£)).
Note that this is the least possible ry4; r4 < 1,(0,€) would result in 7, < 7, (for the (0,&) equilibrium)
while 74 < 74(0,€) implies G(r4,0,£) > 0 so that pu° >0 and (0,¢) is not an equilibrium. Similar to
the proof of Lemma @, we can show that 7 = c,, — A*qcy,/(2X +£q)*. We show that these values
of rj and 77 indeed result in the (0,&) equilibrium. We first note that &(r;) =¢. We next examine

the value of r more closely.



Suppose 5 =74(0,€). Then G(r5,£,0) > G(r;,0,£) =0 which corresponds to case (ii) of provider-
patient equilibrium. However, 7,(74(0,€),0,&) = ma(74(£,0),£,0) (since 74(£,0) = 74(0,€) + &c;)
= max, 74(74(&,0), 1, 0) (since the derivative of net revenue, m,(74(¢,0),4,0), with respect to
at ¢ becomes zero as G(74(,0),£,0) = 0) > max, m4(74(0,€), 11,0) (since 74(£,0) > 74(0,£)). As
ma(74(0,£),0,8) > 7a(74(0,€), 11, 0) Vi, (0,€) is the resulting equilibrium.

Suppose 75 =14(0,8) > 74(0,&). Then G(r,(0,£),0,£) <G(74(0,£),0,£) = 0. If G(r,(0,£),£,0) <0,
then we have case (i) of provider-patient equilibrium, and if G(r,(0,£),£,0) = 0, then we have
case (iii). In both these cases, (0,&) is the equilibrium. If G(r,(0,£),£,0) > 0 then we have case
(ii) which implies possible (0,£) and (f,0) equilibria where i > ¢. However, we still have the
(0,€) equilibrium. The reasoning is as follows. We have 7,;(r;(0,€),0,£) = m, = ma(r,(£,0),&,0) >
a(r4(€,0),1,0) Y > &, where the last inequality follows from G(r,(&,0),£,0) < 0 since r,(&,0) >
74(§,0) < 1r,(0,8) > 74(0,€) which is true as 75 =1,(0,&) > 74(0,&). Also, we have m,(r,(£,0), 1, 0) >
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Ta(r,(0,€), 1,0) Vo since r,(€,0) = ry(0,€) + e > 1ry(0,€). Together, these inequalities imply
ma(r4(0,£),0,8) > m4(r,(0,€),1,0) Y > &, and hence, the (0,€) equilibrium. Q.E.D.

Proof of Lemma |8 Consider reminder-based strategy. Then r; =r,(£,0) since r; does not affect
G. Only € = ¢ is possible because for any rq, G(r4,&,0) > 0 V€ < € while G(ry4,£,0) < 0 V€ > €. Hence
(£,0) equilibrium occurs only if &€ = £. Also, if £ = &(0), then G(r%,a(0),0) = G(r5,0,a(0)) = 0
which corresponds to case (iv) of provider-patient equilibrium, and hence, the outcome is (0, &(0))
equilibrium. Therefore, we require € > &(0) which implies G(r7,&(0),0) = G(r%,0,4(0)) > 0, and
therefore, corresponds to case (v) that results in (£,0) equilibrium.

Consider reward-based strategy. Again, r} =r,(0,£) since r, does not affect G. Similar to the
proof of Lemma @ we can show that 75 = c,, — A*qcy,/(2A +€q)*. That implies &(r;) = &. For any
£ > ¢, we then have G(r3,£,0) = G(r%,0,€) < 0 which corresponds to case (i) or (iv) of provider-
patient equilibrium, both of which result in (0,¢) equilibrium. Also, note that any £ <$ implies
G(r3,£,0)=G(r5,0,£) >0 which corresponds to case (v) that does not result in (£, 0) equilibrium.
QE.D.

Proof of Lemma [9} Suppose vq > 2. If £&* = &(0) then £ = &(0) for both strategies since the
feasible set X is identical for both of them. Also, the profits are given by

s [ (p=7a(6(0),0)) (22 +6(0)q) — Xe,
by Ay +a(0) ’

p—1400,&(0)) ) (22 + &(0)q ) — MNey,
mpla(0) = 1 ( ABS@«)) )

mia((0)) =




Note that r; =0 in the payer’s profit under reward-based strategy. We then find m;4(&(0)) <
Tip(&(0)) since 74(&(0),0) = 74(0,&(0)) + ¢,.&(0) > r,(0,&(0)) since &(0) € X.

Suppose vg < 2. Then & = &(0) is feasible under reward-based strategy. If &(0) € Y then only
reward-based strategy is feasible. However, if &(0) € Y then 74(0,&(0)) > r,(0,&(0)), and the cap-
itation rates under reminder-based and rewards-based strategies are 74(&(0),0) and 74(0,&(0))
respectively. Since 74(&(0),0) =74(0,&(0)) + ¢.&(0) > 74(0,&(0)), we obtain m;4(&(0)) < m;,(&(0)).

Suppose vq = 2. Then £ = &(0) is infeasible under reminder-based strategy. Q.E.D.

Proof of Theorem (i) Suppose g > 2. The payer’s profit under reminder-based strategy is

given by
v [ (P& 0) (20 +€q) ~ N,
Wid(g)—j‘ M+ €
q(cygter)E2+20vq(cyqter)E+A2 (27(Cud+cr)+7cm—csd) 2
= lk . <p B Avq—2) ) (2)\ + §q> - )\ Cg;
A My +€
_ ok
A (vq—2)
)\P(Vq - 2) — )2 (2’)/(Cud + Cr) +YCm — Csd) — 2)\’yq(cud + Cr)f — Q(Cud + Cr)€2> (2)\ + £q> _ )\3(7q . 2)csi

Ay +¢€

Since g > 2, the sign of the derivative dm;q/0¢ is then the same as that of the expression

O +8) (W10 = 2) = A (2y(cua+ &) +76m = aa) = AX0(cua + 1)

—(M+9) <4Aq('yq + 1) (Cua + )&+ 3¢ (cua + cr)gz) + 2 (vq — 2)cs

- (Ap(vq —2) = N*(27(Cua + ¢) +VCm — Csa) = 227q(Cua + )€ — q(Cua + cr)EQ) (2/\ - £Q)
= Np(yg—2)" +X° ((csi + ¢sa —7em) (v — 2) = 27v(3vg — 2)(cua + c1) )

—AN*yq(vq + 1) (cua + ¢ )€ = Aq(57q +2)(cua + ¢:)§? = 2¢° (cua +¢,)E7,

which equals F; from . Also, Fy is strictly decreasing in &, and hence, m;; is unimodal in &,
with ;4 initially possibly increasing and then decreasing. Therefore, if Fy(2,i,) < 0 (note that
Zmin 18 the lowest value of the feasible set X'), then £, = x,,:,; otherwise, £, is the unique solution
to .Fd(g) =0
The payer’s profit under reward-based strategy is given by

A2 Cs
o (=09 € (cw— in ) ) (24 60) -
A Ay +¢€

2 ] 2 cC s CC

k[ (p—Eeu) (A +Eq) + s — A ERCal SRR )2

22+&€q ~k

A Ay+€

Tip(§) =




200,
- o+ ’Yk? (p - gcu)(Z)‘ + gq) + )\2;1+§Z;£ - )‘gcm - )‘Q(Csd + Csi)
= -7, + "

A Ay +€

After some algebra, we find that the derivative of the profit can be written as

—Cuq&” — 2Myc g
87Tip = lk . % . +)‘((’7q_2)p+)\(csd+csz_FYCm_Q’ycu))
08 A (M8 | Lz g (igx%q&?)

A +€q)?

The third term equals F,(§)/(2)\ + &q)?. Furthermore, it is strictly decreasing as its derivative

My +¢
—2€c,q — 2MyCuq — AN3G* - 5 Csp < 0.

(2A+&q)
Hence the equation O0m;q/0¢ =0 has at most one root. Hence, if F,(2min) <0 then &ip = Tmin;
otherwise £ is the unique solution to F,(£) = 0.

(ii) Suppose g < 2. The payer’s profit under reminder-based strategy, m;4(£), is the same as that
in part (i). However, since g < 2, similar to the proof in part (i), the sign of the derivative Om;y/0¢

is the same as that of —F,; given by

~Np(70 = 2)* = N ( (s + caa = ¥en) (10 = 2) = 29(3ya = 2) Cua + )
+ANvq(vq + 1) (Cua + )€+ A (57q + 2) (cua + )€ + 2¢° (Cug + ) E>.

Hence, 7,4 is initially possibly decreasing and then increasing, i.e. U-shaped. Therefore, &7, is either

Ymin O Ymaz a’nd g:d =arg max{ﬂ-id(ymin)a Tid (ymam)}

We next consider reward-based strategy. Comparing the rewards r,(0,&) and 74(0,&), we have

Zd(O7§) > (:7 <) If,d<07§)
Ny (1 4 kcsa) + N (my +vEen)
vE(2A+£q)
q(cud + CT)§2 + )‘(27qcud + ("}/Q + 2)07‘)5 + )‘2 (27(Cud + Cr) + YCm — Csd)
(vq—2)
& YPk(cua+ )&+ Myak(vg +4) (Cua + €)% + N ((2 — @)y + vk (2¢, — qcsa +

A(vq+1)(cua + cr)))é" + A?’v((? — Q)T+ Yk (26m — qca +4(Cua + cr))) >(=,<)0

k(qcsa —2¢m) — (2 —vq)m
s (22 25 (=, <) a2 2 d
AT == (Gt + 1)

A gcud +

For any & > &(0), we have (2A + &£q)? > A\qcsp/Cup, and therefore, r,;(0,£) > 74(0,&) if

qcsp > F}/k(qcsd - QCm) - (2 - ’}/Q)ﬂd
Cup - ’yk(CUd + CT)
Yakesp(Cua + ¢r) > Cup(VE(qCoa — 2¢m) — (2= 7q)1,) (A3)
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In this case, ) = max(r,(0,£),74(0,¢)) =7r,(0,&) V& > &(0). The optimal solution is then obtained
similar to the reward-based strategy in part (i). Specifically, if F,(&(0)) <0, then &, = &(0);
otherwise £ is the unique solution to F,(£) = 0.

Suppose does not hold. Then there is a threshold &, > &(0) such that r,(0,£) > (=,<
) 74(0,€) YE> (=, <) & If Fp(§en) > 0 then & is the unique solution to F,(£) = 0. Note that the
profit m;, at this point not only exceeds m;p(§) ¥ £ > &, but it also exceeds m;p(€) V & < &, since
5 ="7a(0,£) >14(0,£). Suppose F;,(&n) <0. Since &, < &, we need to consider the payer’s profit

when & <&, As ri =74(0,€), the payer’s profit becomes

_ak (0= 74(0.0) = (e — iz ) ) (2A+€0) — e

T
9(Cua-+er)E2+ A2ygeyat(vat2)en)e+ 22 (2v(cyater) Fvem —coq) A2 gespé
- ’)/]{5 (p - A(vq—2) - écup) <2A + §Q) + Q;\Jfg; - )\QCsi
D) Ay + €

k) + (e = ) € (20 q) + S
_7'< Ay +¢€ )

After some algebra, we find that the derivative of payer’s profit can be written as
20c, 2 .2
~Fa(€) + A2~ 7q) (% + (Cr = up) (XY + 2Myg8 + q52))
N2 =vq) (M +€)?

_ H(E)
A2 —vq)( My +§)?

Since the denominator of the derivative is positive, it has the same sign as #(&). Furthermore,

in the interval [&(0),&], mip(§) is maximized at the end points or when H(§) = 0.
(iii) Suppose ¢ = 2. In the reminder-based strategy, only ¢ is feasible if € > @(0). The reward-
based strategy results in payer profit that is same as in part (i), and hence, &;, also has the same

characterization. Q.E.D.

A2. Incorporating Measurement Errors
We use Pr{z|y} to denote the conditional probability that the measured health state is = given
that the actual health state is y. Since state S does not depend on the measurements from the
uploads, two conditional probabilities become vital for incorporating the measurement errors. The
first one, Pr{I|N} =(; <1, measures the Type-1 error or false positive rate while the second one,
Pr{N|I} = ({; <1 measures the Type-2 error or false negative rate. Note that Pr{N|N}=1-(
and Pr{I|I}=1-(,.

For brevity, we only consider the combined upload rate to be y+ « but note that we can perform

a similar analysis when it is u + 6 or max(u, ). Before deriving the patient’s cost, provider’s net
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revenue, and payer’s profit in the presence of measurement errors, we make a few observations.
First, we note that in terms of the transitions between the (actual) health states, the only change
in Figure (1| is that the transition rate from I to N becomes (u + a)q(1 — (). The rest of the
analysis is similar to the main paper. The average renewal cycle time, which is the time between two
consecutive arrivals to state N, denoted by 7(c, 1), and the average number of mobile interventions

during this time are respectively obtained as

1 1 and G (n+a)(1-¢)

X+A+(u+a)q(1—Cz) A At (p+a)g(l—¢)

The patient’s cost per period is

A Csp
ol ) =P+ () (ew —1o) 30 S Ty )

The patient’s problem to minimize ¢, is similar to the one in the main paper with ¢(1 — ;) replacing

q. Therefore, the optimal reward-based upload rate is

A -Gy )\
o (Tp’M)_ (q(l_g2) ( Com — T 2) M) .

We then have &(r,) = a*(r,,0) given by

d(rp):A( q<1—<>2> |

q(1—¢C) Cup —Tp

The provider’s net revenue is given by

Ta(Ta, y 0, N) = N(T‘d —(u+a)cug — pc, — <(M+Q)C1 )l Gl <) ) Em

A A (pta)g(l—G)) Tlap)

A Csd
A+ (pta)g(l—C) T(a,,u))

The provider’s optimization problem becomes

H]{lfaXFd(’l“d,u,Oé,N)

N ((pte) (pre)1-G) 1 )
T(%u)(( A +)\—|—(,u+a)q(1—c2)>7 )\+(M+0¢)Q(1—C2)>

We obtain N* by binding the provider’s capacity constraint, which yields

(22 + (u+a)g(1 - )
ARG )t a) A+aG(1-G) (pte)?
After substituting N*, the provider’s net revenue becomes

7k<2>\+ (u+a)q(1 —CQ))
N+ (146G -C)(pta) A+ea(1—G) (b+a)?

<k

s. t.

*

Wd(rdau’avN) =
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«@ a)(l Cm
(Td — (u+a)eus — pe, — ((#+ Ky A+€:+o)z§q(1<222)> " (o) )

) R v prcwroy Rl r o |

AN+ (1+G )t a) A+ qG(1—G) - (p+@)?
(ra = (1 + @) cuqg — per) 2A+ (4 a)q(1 — ) >
—((1+G =) (p+a) A4qG(1=G) - (p+a)?)em — N )

While the corresponding net revenue in the main paper is a ratio of quadratic and linear functions
in p, the net revenue here is a ratio of two quadratic functions in p. Nevertheless, we next show
that p* is still unique.

Since vk is a positive constant, we only need to consider the function

(ra— (p+a)cua — pe) A+ (p+2)g(1 = &) — (1+ G — @)+ ) A+ q6 (1 —G) - (p+ @)?) e — Neu
YN 4 (14 G = G)(u+a) - A4 qG (1 =) - (1 + @)? '

The numerator of its partial derivative with respect to p (the denominator is always positive)

determines whether provider’s net revenue increases or decreases. For this reason, we refer to it as

G(ra, b, o), and it is given by

(P2 + 146 =G+ a) A+a (1= G) - (1+a)?)

. ((m — (p+a)cug — per)q(L = G) = A+ (p+ a)q(l — G))(cua + cr)>
—((14+G = G)A+2¢G (1= &) (u+a))en,

_ ((Td—(ﬂ+04)0ud—ﬂcr) A+ (p+a)g(1-¢)) >
—((1+G =G+ a) A+aG(1—G) - (p+a)’)en — New

(146 - @A +206(1- G+ )

This function G can be seen as the product of first and second terms minus the product of third
and fourth terms in which the first term YA? + (14+¢ — Q) (p+a) - A+ ¢G (1 —C) - (p+a)? > 0, the
third term is positive (since net revenue is positive), and the fourth term (14 ¢; — ()N +2¢¢ (1 —
C2)(+ @) is also positive. Therefore, for G to be non-negative, the second term needs to be positive
which implies

(ra—pe,)q(1 = G2) > 2M(cuq + c1). (A4)

After some algebra, G simplifies to

X ((ra = pe) (va(1 = &) = 21+ G = &) = A21(eua + &) + (em — o) (14 G = &)

- (p+a)-A (Q(l — (o) (YA(2€ua + ¢ + 2C16m) + 461 (ra — pey) — 2X(1¢sa) + 206 (14 G — C2)>
—(p+a)’q-(1-¢)- ((Td —per)Cig(1 = Go) + Acua(l = G — G2) + Ac (143G — C2)>

— (p+a)’¢G(1-G)%e,

The partial derivative of G with respect to p, 0G/0u, is

~22q(1 = G2) - (YN Cua &€+ Grem) + 261 (ra = pey) = Aicua)
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~2(n+)a(1 = G) - ((ra = per)G1a(1 = ) + Acwa1 = G = &) + Aen(14G — &)
—2(p+a)’¢* (1= &) Gen

= =20(1= Go) - (YM(ewa+ €+ Grem) + 26 (ra+ ac,) = Aica )
2t a)a(l = &)+ (ra+ac)Ga(l = &) + Acuall = G = @) +Aer(1 = G = o))

The derivative 0G /0 is linear in u, and is strictly decreasing for any non-negative G since (14 +
ac)Cq(l — G) + Acua(l =G — Q)+ Aer (1 =G —G) > G ((Td — per)q(l = G) — 2 (cuq + Cr)) >0
from ({A4). Therefore, the equation 9G/0u =0 has at most a single positive root. There are two
possibilities: (i) there is no positive root, then 9G/du < 0 so that G is strictly decreasing in p and
w* is unique (p* =0 or u* solves G(u) =0, and (ii) there is a positive root, then 9G/du > 0 until
this root and then 9G/du < 0 beyond this root so that G is a N-shaped function of u. In this case,
since we find lim,,_,,, G(p) = —o0 <0, p* is the largest root of G(p) = 0 if the root exists and yields
a higher net revenue than p = 0; otherwise, u* = 0. Therefore, in both cases (i) and (ii), p* is

unique.

The payer’s profit is given by

\p—(p +a)r,—rq— A o Csi
N (p (p+a°) p d A (g +a)g(1 = G) T(ae,/ﬁ)>
ke ((p—ra= (0% - (204 (0 + a1 - ) = Ne

YA+ (1+G =) (e +af) - A+ qG (1= &) - (ue + ac)?

Lemma [5| holds because the logic in its proof still applies: if there are both reminders and
rewards at provider-patient equilibrium, the payer would benefit by reducing r, that results in less
reminders. Therefore, either reminder-based strategy or reward-based strategy is optimal for the
payer.

We extend the results in §9| of the main paper to the case when there are measurement errors in
mHealth. We assume (; =0.01 and {, = 0.05. Details are presented in the eCompanion (see §EC]
. The discussion is largely similar to The switch between RmBS and RwBS strategy is similar

to what we discussed in the main paper.

A3. Reward-based Upload Rate and Reminder Rate are Substitutes

In §’s 3}, we consider the combined upload rate £ = a + u, where the rates o and p can be seen

as perfect complements. We now consider two extensions. The first examines imperfect comple-
d

ments/partial substitutes, which we discuss in §A8 The second examines perfect substitutes and

is presented here.
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We first note that, similar to §4 and we obtain the patient’s cost and provider’s net revenue
by replacing pu + o terms with max(u, ). Since the patient cost depends only on max(u, ), we
assume without any loss of generality that the patient prefers to choose o =0 instead of any other
value of o < 1. We note that we make this assumption for brevity and easier exposition, and it does
not affect our analysis. As in the derivative of the provider’s net revenue Omy(rq, u, ) /Op is a
positive multiple of the function G(r4, 1t,0). We note that i (defined in is the unique solution
to G(rq, p,0) = 0. Furthermore, if necessary, we use fi(r4) to explicitly denote the reminder rate as
a function of capitation rate r,.

Lemma characterizes the optimal « chosen by the patient (for a given reminder rate p),
optimal p chosen by the provider (for a given upload rate «), and the resulting provider-patient

equilibrium (u¢, ¢). All proofs are provided in the eCompanion (see §EC 2.1J).

LEMMA Al. (i) If &> p then o* = & else a* =0.

(i) If G(ra, ,0) <0 then p* =0. If G(rq,,0) > 0 then there are two possibilities. If wq(rq, fi, o) >
ma(ra,0,) then pu* =i else p* =0.

(iii) The equilibrium rates are given as follows:

(a) If G(rq,&,0) <0 then u® =0 and a° = a.

(b) If G(r4,&,0) > 0 then there are two possibilities. If w4(ra, f1,0) > w4(rq,0,&) then p® = i and

a®=0, else u* =0 and a® = a.

We use the result from Lemma [AT] and obtain in Lemmas the feasibility conditions for
the reminder-based and reward-based strategies as well as the payer’s optimal capitation rate and

reward for any feasible £ in these two strategies, under different ranges of values of mHTP. We also

compare these results with those obtained when & = i+ o (Lemmas in Corollaries

A3.1. mHTP Above Two

LeMMA A2. (i) If 74(£,0) > 1r,(€,0) and m4(74(€,0),£,0) > ma(7q(€,0),0,&(0)), then reminder-
based strategy is feasible. The optimal values are given by r; =74(£,0) and 7, =0.

i) If cither 7a(6.0) > £,0,6), or Fa(6.0) < £(0.8) and mar,(0.6).ilr,(0,).0) <
ma(r4(0,€),0,€), then reward-based strategy is feasible. The optimal values are given by r; =1,4(0,§)
and 1} = cup — Nqcep/ (2A+£q).

COROLLARY Al. In comparison to & = p+ a, £ = max(u, ) reduces the feasibility of reminder-
based strategy while it increases the feasibility of reward-based strategy. The optimal capitation rate

and reward (for a £ feasible in both cases) remain the same in both strategies.
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A3.2. mHTP Below Two

LeEmMMA A3. (i) If 74(£,0) > 1,(£,0) and m4(74(€,0),£,0) > m4(74(£,0),0,6&(0)), then reminder-
based strategy is feasible. The optimal values are given by r; =74(£,0) and 7 =0.

(i) The reward-based strategy is feasible for any £. The optimal reward r, = c,; — A2qeq, /(2N +
£q)?. The optimal capitation rate is given as follows:

(a) If #4(6,0) < 1,(0,€) then vy =1,(0,€).

(b) 1f 7a(€,0) > 14(0,€) and r,(/(r4(0,£)),0) > £4(0,€) then rj=1,4(0,8).

(c) If 74(&,0) > 1,(0,&) > r,(f1(r,(0,£)),0) then there exists unique 74 such that 74(€,0) > 7q >
r4(0,8) and m4(Tq, (1(Tq),0) = m4(74,0,§), and v =T,.

COROLLARY A2. A change from £ = u+ « to £ =max(p,«) has the following impacts:

(i) The optimal capitation rate and reward (for a & feasible in both cases) remain the same in
the reminder-based strategy.

(i1) It maintains the feasibility of reward-based strategy (for any §). For a & feasible in both cases,
optimal reward remains the same, and if 74(€,0) <1,(0,€) then optimal capitation rate remains the

same too.

A3.3. mHTP Equals Two

LEMMA A4. (i) The reminder-based strategy is feasible if € = € > a(0) and r4(€,0) < r,(0,&(0)).
In this case, r;=1,4(&,0) and r; =0.
(ii) The reward-based strategy is feasible if € > &, or € <& and r (0,€) <r,(€,0). In this case,

5 =14(0,8) and 15 = cup — N2qcsp [ (2X +Eq)°.

COROLLARY A3. In comparison to & = p+ a, £ = max(u, ) reduces the feasibility of reminder-
based strategy while it increases the feasibility of reward-based strategy. The optimal capitation rate

and reward (for a £ feasible in both cases) remain the same in both strategies.

In summary, we note that there may be minor differences in the provider-patient equilibrium
(Lemma and the feasibility of { as well as rjj and 7, for a given ¢ (Lemmas and Corollar-
ies depending on whether the rates a and p are complements or substitutes. Nevertheless,
we find that the main results including how different parameters impact which strategy, reminder-
based or reward-based, is optimal remain qualitatively similar in both cases (see §9 and the online

supplement for further details). We extend the numerical results in §9 of the main paper to the

case when £ = max(p,a) in the eCompanion (see §EC 2.2)).
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A4. Incorporating Fee-for-Service (FFS) Payment for Sick Visits

We consider the same model setup as the main paper with just one additional element: the provider
gets ry for every office visit by a patient, i.e., whenever the patient gets sick. We find that in a
pure FFS system, the provider has no incentive to send any reminders (regardless of the value of
rs), and the reminder-based strategy becomes infeasible to the payer. Hence, the payer has to rely

only on patient rewards. We provide further details in the e-companion (see §EC 3)).

A5. Additional Numerical Analysis

The payer chooses RwBS over RmBS beyond a particular threshold for the provider’s cost of
sending reminders (c,). If A is low, RwBS is better than RmBS for the payer, and the use of
mHealth is influenced by direct patient rewards. The payer switches to RmBS from RwBS beyond
a particular threshold for A. We provide further details in the e-companion (see .

A6. Multiple patient types
We extend our analysis to the case of multiple patient types. We use two patient types for easier

exposition but our analysis can be easily extended to more than two patient types. We provide

further details in the e-companion (see §EC 5).

A7. Different Transition Rates to Health States
In the main paper, we assume the transition rates from N to Z and Z to S both equal A. We extend

our analysis to consider different transition rates. We provide further details in the e-companion

(see §EC 6).

A8. Imperfect Reminders

In the main paper, we assume that all the reminders would result in uploads from patients. We
relax this assumption here. Specifically, we let 8 (0 < 6 < 1) be the fraction of reminders that
result in uploads, and therefore, mobile intervention if the patient is in state I. We show that
we can transform the problem with imperfect reminders to one with perfect reminders, and there

is no loss of generality in the assumption of perfect reminders. We provide further details in the

e-companion (see §EC 7).
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