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Abstract

This paper shows that standard models of moral hazard predict a generosity para-
dox: less generous insurance can increase rather than decrease medical spending.
Higher cost sharing makes it easier to reach the out-of-pocket maximum, where the
marginal price is zero. Forward-looking consumers near that threshold therefore opti-
mally increase their spending to reach the maximum. Using existing empirical estimates
of the health need distribution and moral hazard responsiveness, I find that in many
realistic scenarios, decreases in generosity lead to aggregate increases in spending and
welfare losses. I discuss the practical implications of this for plan designers.
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1 Introduction

A central premise in insurance design is that raising cost-sharing reduces spending.
Higher cost-sharing increases the price of care, so standard moral hazard logic predicts lower
spending in response. The core insight of this paper is that this reasoning is incomplete in
nonlinear contracts with an out-of-pocket maximum. I show that reducing generosity can
increase rather than decrease optimal spending, a result I call the “generosity paradox”, with
consequences for aggregate spending. The mechanism operates through rational responses to
contract design, not through behavioral biases. Higher cost-sharing lowers the total spending
required to reach the out-of-pocket maximum, where the marginal price of care falls to zero.
More broadly, the logic extends to any setting where marginal prices fall with cumulative

use and use depends on marginal prices.

To illustrate, consider a plan with 20% coinsurance and a $2,000 out-of-pocket maximum.
With no deductible, a household reaches the out-of-pocket maximum with $10,000 in total
spending. With a $1,000 deductible, however, they reach that maximum with only $6,000 in
total spending. A household that would have optimally chosen $7,000 in spending under the
original plan, while still in the coinsurance region, may under the less generous plan instead
find it optimal to reach the out-of-pocket maximum, where the marginal price falls to zero,

and therefore spend more.

In this paper, I show that the generosity paradox is a general feature of standard models
of health spending under nonlinear contracts and arises for a nontrivial set of consumers. I
first establish this result in a perfect-foresight framework (Cardon and Hendel, 2001; Einav
et al., 2013; Ho and Lee, 2023), where consumers observe their annual health needs and
choose spending over the full nonlinear contract. In this setting, the spending increase is
driven by intermediate-need consumers who switch from the coinsurance region to the out-of-
pocket maximum in response to higher cost-sharing. I then extend the analysis to forward-
looking consumers making health care decisions over time under uncertainty about future
health needs, where current spending affects future out-of-pocket costs (Ellis, 1986; Einav,
Finkelstein and Schrimpf, 2015; Cronin, 2019; Diaz-Campo, 2022). The paradox persists in
this setting, with spending increases arising both from consumers who switch to the out-of-
pocket maximum and from consumers who increase spending within the coinsurance region

in anticipation of a higher likelihood of reaching the out-of-pocket maximum.

To assess the empirical relevance of the paradox, I simulate aggregate spending responses

across a range of plan designs using existing empirical estimates of the health need distri-



bution and moral hazard parameter from prior literature. I calibrate the simulations using
estimates from Ho and Lee (2023), who use administrative data from a large employer to
estimate the standard perfect-foresight model of plan choice and utilization. I consider a
range of plan designs, varying deductibles, coinsurance rates, and out-of-pocket maximums
over values observed in employer-sponsored insurance. The simulations show that the gen-
erosity paradox can arise in the aggregate, leading to higher average spending under less
generous coverage. I also show that when this occurs, higher spending does not translate
into higher welfare, because the additional spending is concentrated where the gains from
extra care are small, while reduced generosity leaves consumers more exposed to financial
risk. I further show that the same increase in cost-sharing can reduce spending in a healthier
population but raise it in a sicker one. The direction of the effect of reductions in plan
generosity depends on the distribution of health needs, particularly on how much mass lies

near the contract’s cost-sharing thresholds.

These results follow largely from the standard assumption that forward-looking house-
holds internalize the effect of today’s spending on future prices. Under myopia, the mech-
anism is thus largely attenuated.! Whether consumers actually account for future prices is
an open empirical question. Some evidence is consistent with myopic behavior, with con-
sumers responding primarily to spot prices (Brot-Goldberg et al., 2017; Guo and Zhang,
2019). Other work documents forward-looking behavior, finding that utilization responds
to future prices (Aron-Dine et al., 2015; Klein, Salm and Upadhyay, 2022; Johansson et al.,
2023). The extent to which the paradox shapes real-world spending therefore depends on an

empirical question that remains open.

The main contribution of this paper is to establish an underappreciated implication of
standard models of nonlinear insurance contracts. Early work on optimal insurance design
identified the tradeoff between risk protection and moral hazard control (Arrow et al., 1974;
Zeckhauser, 1970). A central insight from this early literature is that straight deductible con-
tracts, though optimal for risk protection, fail to control moral hazard once the deductible
is met. In the presence of moral hazard, it can be optimal to give up some risk protec-
tion and allow greater out-of-pocket exposure while keeping positive marginal prices over
a broader range of utilization through coinsurance. The same nonlinear contract structure
that balances risk protection against moral hazard also implies that changes in generosity
do not uniformly affect spending incentives. A modern structural literature builds on this

foundation by modeling how forward-looking consumers optimize over the full nonlinear con-

IThe paradox can still arise, but only when a consumer’s spending crosses from the coinsurance region
to the out-of-pocket maximum within a single period, a condition that is theoretically possible but unlikely
to generate meaningful aggregate effects.



tract (Cardon and Hendel, 2001; Einav et al., 2013; Marone and Sabety, 2022; Diaz-Campo,
2022; Ho and Lee, 2023).> The generosity paradox is an implication of the same forward-
looking behavior these models emphasize, yet the literature has not shown that increasing

cost-sharing sometimes raises spending, a gap this paper fills.

Together, these insights have practical implications for plan designers. If a plan designer
simulated from a fully estimated structural model, these dynamics would be incorporated
in determining the optimal contract (e.g. Einav et al., 2013; Marone and Sabety, 2022; Ho
and Lee, 2023). In practice, however, plan changes rarely begin from full optimization. Em-
ployers and insurers often adjust cost-sharing incrementally in response to rising premiums,
budget pressures, or regulatory changes, taking the existing plan structure as given. Average
deductibles in employer-sponsored insurance nearly tripled between 2006 and 2025 (Kaiser
Family Foundation, 2025), and rising spending may be prompting further reductions in gen-
erosity, precisely when more consumers are near the out-of-pocket maximum. This creates
the possibility of a destabilizing feedback loop in which higher cost-sharing raises rather
than lowers spending. Thus, in evaluating such changes, it is important to consider how a
proposed change affects the share of consumers whose effective marginal price falls to zero
under the new contract. More broadly, the effect of a plan change cannot be assessed from
the contract alone. It depends on how the change interacts with the distribution of health

needs in the population covered by the plan.

The remainder of the paper proceeds as follows. Section 2 presents the baseline model of
consumer optimization over nonlinear cost-sharing contracts. Section 3 characterizes when
raising cost-sharing increases optimal spending. Section 4 simulates aggregate spending re-
sponses across a range of plan designs and examines the welfare implications of the generosity

paradox. Section 5 concludes.

2 Model Setup

2.1 Out-of-Pocket Spending Schedule

A consumer faces a nonlinear contract (D, s, M) with deductible D, coinsurance rate

s € (0,1), and maximum out-of-pocket (MOOP) M. Let m > 0 denote medical spending

2Related work studies responses to nonlinear contracts when consumers face imperfect or delayed price
information; see, for example, Anderson, Hoagland and Zhu (2024).



and define
(M —D)

s
as the spending level at which the MOOP binds. Out-of-pocket spending is

m(D, s, M) =D+

m m<D
OOP(m)=<{ D+ s(m—D) D<m<m(D,s, M) (2)
M m >m(D,s, M),

with piecewise-constant marginal OOP price ¢ € {1, s,0}, where ¢ = 1 below the deductible,

¢ = s in the coinsurance region, and ¢ = 0 above the MOOP.

2.2 Static Model

The static setup in this section follows the standard models of medical spending under
nonlinear insurance contracts, including Cardon and Hendel (2001); Einav et al. (2013); Ho
and Lee (2023).

At the beginning of the coverage year, a consumer with health need A > 0 chooses annual

medical spending m > 0 and derives gross utility from medical care

(m —A)?

Rl A w) = (m = 3) = 2

(3)
where w > 0 represents the household’s price sensitivity and captures the degree of moral
hazard.? Conditional on enrollment in a given plan, the consumer chooses medical spending
to maximize the utility from care minus OOP costs. Fixed components such as income and
premiums are omitted because they do not vary with utilization within a plan. The consumer

therefore solves
V(N = max {h(m; \,w) — OOP(m)}. (4)
For an interior optimum, spending satisfies the standard first-order condition equating
the marginal benefit from care to the marginal OOP price, h,,(m*; \,w) = OOP’'(m*). Be-

cause the nonlinear contract implies a constant marginal OOP price ¢ within each pricing

3The simulation abstracts from a fixed care-entry hassle cost of the type used in Ho and Lee (2023).
Without such a cost, zero spending is never optimal because near m = 0 the marginal benefit of care,
him(0; A\, w) = 14 1/w, exceeds the marginal OOP price of 1. Importantly, incorporating such a common
fixed hassle cost and allowing for a zero-spending choice leaves the simulated spending response unchanged;
see Supplemental Appendix Figure D.1.



region, the interior solution is
m*(c; A, w) = A[1 + w(l —¢)]. (5)

This yields three interior candidates: mj,4 = A below the deductible, m};, = A\[1+w(1 —s)]

coin

in the coinsurance region, and m},, = A(1+w) above the MOOP. Because the OOP schedule

is kinked at the deductible and the MOOP, the global optimum is obtained by comparing

the values of these three candidates.

2.3 Dynamic Model with Uncertainty

I also consider a forward-looking model with uncertainty about future health needs, fol-
lowing Diaz-Campo (2022) and related work on dynamic spending under nonlinear contracts
(Ellis, 1986; Aron-Dine et al., 2015; Cronin, 2019). In this setting, the consumer chooses
medical spending sequentially over ¢ = 1,...,7. In each period ¢, the consumer observes
current health need \; and cumulative prior spending C;_;. The period health benefit from
care is h(mg; Ay, w), with A(-) taking the same form as in equation 3. When health needs are

fully known in advance, this setting reduces to the static model of Section 2.2.

Let Vi(Cy_1,\;) denote the consumer’s value in period t after observing current health

need and cumulative spending. The Bellman equation is

Vi(Cit, Ar) = max{ h(mi; Ay, w) = AOOPYCior, my) + 0 BifVisa (Crs Ars)]
where Cy = Cy_1 + my, AOOP(C;_1,m;) is the incremental OOP cost of period-t spending,
and § € (0,1) is the within-year discount factor. Because decisions are made sequentially
under uncertainty, the consumer weighs the current health benefit of care against both
its immediate OOP cost and its effect on future OOP costs through cumulative spending,
captured by the continuation value E;[V;1(Cy, Aiy1)]. Supplemental Appendix C.1 provides

the full dynamic formulation.



3 The Generosity Paradox in Nonlinear Contracts

3.1 How Contract Geometry Shapes Incentives

The mechanism underlying the generosity paradox is a simple feature of nonlinear con-
tract design. Every plan with a deductible, coinsurance, and out-of-pocket maximum has a
spending threshold m(D, s, M) at which the consumer reaches the MOOP and the marginal
price of care drops to zero. Raising the deductible while holding the MOOP fixed lowers this
threshold, thereby compressing the coinsurance region and bringing zero-price care within
reach. A consumer who would not have found it optimal to reach the MOOP under a more

generous plan may find it optimal to do so after the deductible increase.

To illustrate, consider a plan with 10% coinsurance and an MOOP of $2,000, comparing
a $500 deductible to a $1,500 deductible:

2,000 — 500
0.1

2,000 — 1,500

m(500) = 500 + o

= $15,500, m(1,500) = 1,500 + = $6, 500.

With the $500 deductible, a household faces 10% coinsurance across $15,000 of spending
before reaching the MOOP. With the $1,500 deductible, the coinsurance region shrinks to
$5,000, lowering the zero-marginal-price threshold by $9,000. The same compression mech-

anism arises when the coinsurance rate increases.

More generally, the generosity paradox requires both a nonempty coinsurance region and
an MOOP. It can therefore arise in three-part contracts, and also in plans with coinsurance
and an MOOP but no deductible, though not in straight deductible plans or pure coinsurance

plans without a cap.

3.2 When Higher Deductibles Increase Spending

To formalize when reducing generosity raises spending, I characterize the ranges of health
need over which a deductible increase moves consumers across pricing regions. A higher
deductible can push some lower-need consumers from the coinsurance region into the full-
price region, reducing spending, while pushing some intermediate-need consumers from the

coinsurance region into the MOOP region, increasing spending.

To determine the health-need cutoffs at which consumers switch regions, I first compare

the utilities associated with each cost-sharing region. Let Vded /i and V<% denote



the utility from stopping below the deductible, remaining in the coinsurance region, and
reaching the MOOP, respectively. Reaching the MOOP is optimal only if VP > /< and
yeap > Y/ded - GQimilarly, the coinsurance region is chosen only if it weakly dominates both
neighboring options: Ve > y/ded gpd yeoin > J/ca  These pairwise comparisons define

three cutoffs.
First, Appendix A.1 shows that

M

Neap = ———
PT 1+ w/2

(6)
is the realized health need at which the consumer is indifferent between reaching the MOOP
and stopping below the deductible, that is, V% = V9 Thus, for A < Ac.p, reaching the

MOOP cannot be optimal, even if it weakly dominates the coinsurance region.

Next, define

D M- (1-s)D
(1—s)’ )\coin—cap(D) = (7)

51_1_“T Cs(l+w(1—2))

>\ded—c0in (D)

The cutoff Aged-coin (D) is the realized health need at which the consumer is indifferent between
the full-price region and the coinsurance region, that is, V" = V4. The cutoff Acoi-cap(D)
is the realized health need at which the consumer is indifferent between the coinsurance region
and reaching the MOOP, that is, V% = V<" Derivations of these cutoffs are provided in
Appendix A.2.

Putting these together, reaching the MOOP is optimal only when both conditions hold:
yeap > yeoin gnd yeap > y/ded  Thig implies the global cap-entry cutoff

Acap(D) = max{Acap, Acoin-cap(D) - (8)

That is, Acap(D) is the minimum realized health need for which reaching the MOOP is
optimal. By contrast, the coinsurance region is optimal when V" > }/¢@ gpd J/eoin > j/ded
so its boundaries are given directly by the two pairwise cutoffs Aged-coin (D) and Acoin-cap(D)-
Thus the coinsurance region is optimal for A € [Aded-coin(D), Acap(D)), while the MOOP

region is chosen for A > A.p(D). *

A deductible increase therefore affects spending by moving some consumers out of the

coinsurance region, either downward or upward, depending on which cutoff their realized

4The coinsurance-to-cap switching set need not always be nonempty; Proposition 2 shows that this set is
nonempty in most cases.



health need crosses. Proposition 1 formalizes these responses by characterizing which con-

sumers change their spending and by how much.

Proposition 1 (Heterogeneous Spending Responses to a Deductible Increase). Under the
perfect-foresight model and the utility specification in equation 4, fix (s, M,w) and consider a
deductible increase from Dy to Dy, where 0 < Dy < Dy < M. Assume that the coinsurance

region 1s nonempty under both contracts.

Let Am(X) = m*(\; D1) — m*(\; Dy). Then

—W(l - 5))\7 Zf)\ € [)\ded-coin(DD)7 )\ded-coin(Dl))a (COi?”L — dEd),
Am(N) = < ws A, if A e [x\cap(Dl), Acap(Do)), (coin — cap), 9)

0, otherwise.

Proof. See Appendix A.3.

Proposition 1 implies that lower-need consumers switch from coinsurance to the de-
ductible region and reduce spending, while intermediate-need consumers switch from coin-
surance to the MOOP and increase spending. In both cases, the magnitude of the response
is proportional to A, so higher-need consumers within each switching group experience larger
spending changes. Consumers outside these switching ranges remain in the same region and

do not change their spending.

Figure 1 illustrates the spending responses to a deductible increase from $500 to $1,500,
with a $2,000 MOOP, a 10% coinsurance rate, and w = 0.263°. Panel (a) shows how the cost-
sharing regions shift across the A space as the deductible rises, with the coinsurance region
compressing from both sides as the MOOP becomes easier to reach. Panel (b) plots Am*(\)
by health need, with spending falling for lower-need consumers in [447, 1,341), rising for
intermediate-need consumers in [5,201, 12,401), and unchanged otherwise. In this example,
the upward-response region is much wider than the downward-response region. Within each
region, the magnitude of Am(\) increases with A. Panel (c¢) shows the lognormal distribution
of health needs estimated from Ho and Lee (2023), illustrating how aggregate spending

responses depend on how population mass is distributed across the contract’s response ranges.

Proposition 1 characterizes spending responses given a nonempty cap-switcher set; Propo-
sition 2 turns to when that condition holds. Under a deductible increase, spending rises only
for realized health needs in the interval [Acap(D1), Acap(Do)). Since Acoin-cap(D) is decreas-

SThroughout the paper, I set w = 0.263 following Ho and Lee (2023).



Figure 1: Spending Responses to a Deductible Increase
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in A space as the deductible rises. Panel (b) plots Am*(\) = m*(\; D1) —m*(\; Do) by health need A. Panel
(c) shows the baseline lognormal distribution of health needs, calibrated to Ho and Lee (2023) with mean
$6,490 and standard deviation $4,890.



ing in D, a deductible increase from Dy to D; implies Acoin-cap(D1) < Acoin-cap(Do). Thus,
the cap-switcher set is empty only if the cap-relevance threshold binds already at the ini-
tial deductible, that is, if Acap > Acoin-cap(Do). Equivalently, consumers increase spending
in response to a deductible increase only when A,y < Acoin-cap(Do). Let Deiy denote the
deductible that solves

Acap = )\coin-cap (Dcrit) . (10)

Then the cap-switcher set is nonempty if and only if Dy < Dys.
Proposition 2 (When the Cap-Switcher Set Is Nonempty). Fiz (s, M,w) and define

w(1—3)+2.

DcritEM
w+ 2

(11)

Consider a deductible increase from Dy to Dy, where 0 < Dy < Dy < M.

The cap-switcher set characterized in Proposition 1 is nonempty if and only if Dy < Deyit.

In particular, if Do = 0, then this set is nonempty for every Dy € (0, M).

Proof. See Appendix A.3.

When the initial deductible is zero, the condition holds automatically, so introducing any
positive deductible always generates cap switchers. More generally, if the initial deductible
is positive and satisfies Dy < Dy, then any increase from the initial point generates a

nonempty set of consumers who increase spending.

Figure 2 shows that the critical deductible D, is typically very close to the MOOP.
Specifically, it plots how close the critical deductible is to the MOOP, measured by the ratio
Deyit /M, against the coinsurance rate for different values of w. At the average coinsurance
rate of 19%,% D /M ranges from 96% to 99% across the values of w shown. Even at much
higher coinsurance rates, D remains a large share of the MOOP. Thus, in practice, the

condition Dy < D, is satisfied for most realistic initial deductibles.

3.3 Extensions

Changes in coinsurance rates

The generosity paradox is not limited to deductibles and can also arise from higher coin-

surance. As equation 1 shows, increasing the coinsurance rate lowers the spending threshold

6T use the average coinsurance rate reported by Kaiser Family Foundation (2025).
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Figure 2: Critical Deductible as a Share of the MOOP
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ance s. Line styles correspond to w € {0.03,0.26,0.5}. The vertical marker

indicates the average coinsurance rate of 19% in employer-sponsored health

insurance in 2025 as reported by Kaiser Family Foundation (2025).
at which the consumer reaches the MOOP. A higher coinsurance rate affects spending through
three channels. It can reduce spending by pushing some consumers from the coinsurance
region below the deductible and by raising the marginal price of care for those who remain
in the coinsurance region. At the same time, it lowers the total spending required to reach
the MOOP, making the cap easier to reach and increasing spending for some consumers.
In Supplemental Appendix B, I characterize the ranges of health need for which spending
rises, falls, or remains unchanged after a coinsurance increase, and show that this case also
generates a nonempty set of consumers who switch into the MOOP region and increase

spending.
Dynamic Model with Uncertainty

The generosity paradox also arises when consumers choose spending sequentially under
uncertainty. Following related models of dynamic spending under nonlinear contracts (Ellis,
1986; Cronin, 2019; Diaz-Campo, 2022), I consider a setting in which, unlike in the perfect-
foresight case, annual spending is not chosen all at once. Instead, current spending affects
not only current OOP costs but also future prices by moving the consumer closer to the
MOOP. As a result, the relevant marginal price of care is not just the current spot price, but

a shadow price that incorporates both today’s spot price and the effect of current spending

11



on future OOP prices. This preserves the same basic mechanism as in the static model.
Spending today becomes more attractive when it moves the consumer closer to the MOOP,

where future marginal prices are lower.

Supplemental Appendix C formalizes this forward-looking analogue under economically
interpretable conditions on the continuation value.” Under these conditions, a higher de-
ductible can increase spending through two channels. First, as in the perfect-foresight case,
some consumers optimally switch into the MOOP region, generating a discrete jump in
spending. Second, even consumers who remain in the coinsurance region may spend more
because a higher deductible lowers the expected shadow price of current care by making it
easier to reach the MOOP in the future.

4 Net Population Effects

So far, I have characterized individual spending responses to a cost-sharing increase. |
now turn to the aggregate implications, which depend on the distribution of health needs
across the population. To evaluate these aggregate effects, I assume that annual health needs
A are drawn from a lognormal distribution. Following Ho and Lee (2023), I calibrate this
distribution to match mean annual needs of $6,490 and a standard deviation of $4,890, set
the moral hazard parameter to w = 0.263, and set CARA risk aversion to ¢ = 0.0003. Using
this distribution, I simulate spending responses to deductible and coinsurance increases under

multiple cost-sharing designs.

In addition to net spending responses, I examine how plan generosity affects consumer
welfare, which depends on both the health benefits of care and exposure to financial risk.
I summarize welfare using the certainty equivalent (CE), defined as the amount of certain
resources that makes the consumer indifferent to enrolling in an actuarially fair contract
x=(D,s,M). Let

o(z) = h(m™; \,w) — OOP(m™) (12)

denote the payoff from care net of OOP costs under contract z. I assume CARA preferences,
so utility from this payoff is — exp(—0(z)), where ¢ > 0 is the coefficient of absolute risk
aversion. Under CARA utility, the CE is given by

1
(&

"These conditions impose that the payoff to reaching the MOOP is weakly increasing in current health
need and that the marginal value of moving closer to the MOOP is weakly higher when the deductible rises.

CE(x) = log E [exp (—¢0(x))] — premium(z), (13)

12



where the premium is set to the actuarially fair value, defined as premium(z) = E[m* —

OOP(m*)].

Figure 3 summarizes how average spending and consumer welfare vary with deductibles
and coinsurance under the baseline calibration. Panels (a) and (b) vary the deductible
for three plan designs: 10 and 20 percent coinsurance with a $3,000 MOOP, and 20 percent
coinsurance with a $4,000 MOOP. Panels (c) and (d) turn to the variation in the coinsurance
rate for three plan designs: two with a $3,000 MOOP at deductibles of $500 and $1,500, and
one with a $4,000 MOOP and a $1,500 deductible.® In the spending panels, the red point

shows average spending under full coverage.

Panel (a) first shows that moving from full coverage to plans with positive cost sharing
reduces average spending. Within the set of partial-insurance designs, however, average
spending rises monotonically with the deductible across all three plan designs, consistent with
the generosity paradox. The two plans with a $3,000 MOOP exhibit the strongest increase
in spending as the deductible rises, but the increase is steeper under 20 percent coinsurance
than under 10 percent coinsurance. Intuitively, when coinsurance is higher, consumers in
the coinsurance region face a larger reduction in OOP spending once they reach the MOOP,
so the incentive to push through to the cap becomes stronger. By contrast, the plan with a
$4,000 MOOP and 20 percent coinsurance also shows an upward pattern, but the increase

is more modest because a higher MOOP weakens the cap-reaching force.

Panel (b) shows that consumer welfare, measured by CE, declines as the deductible
rises across all three plan designs. A higher deductible can raise total medical spending
by pushing some consumers from the coinsurance region to the MOOP, but it still lowers
insurer liability, so actuarially fair premiums fall (see Supplemental Appendix Figure D.2).
The decline in CE reflects the fact that these premium reductions do not compensate for
the loss of insurance protection. As the deductible rises, consumers bear the full marginal
cost of care over a wider range of spending and face greater OOP exposure unless they reach
the MOOP. Supplemental Appendix Table D.1 shows that the paradoxical spending increase
is driven by consumers who switch from the coinsurance region to the MOOP, whereas the
welfare decline is driven mainly by the much larger losses borne by consumers who remain

in the coinsurance region and face higher OOP costs.

8The specific parameter values are not tied to any single observed contract, but are chosen to fall within
or near the range of employer plan parameters reported by Kaiser Family Foundation (2025). The 2025 KFF
Employer Health Benefits Survey reports average deductibles of $1,649 for HMOs and $2,609 for HDHP /SOs,
an average out-of-pocket maximum of $4,423, and an average coinsurance rate of 19 percent (Kaiser Family
Foundation, 2025). Appendix Figures D.3 and D.4 show that positive aggregate spending responses arise
across a wide range of contract parameters (D, s, M) and health-need distributions, indicating that the
paradox is not driven by a narrow set of parameter choices.
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Figure 3: Average Spending and Consumer Welfare under Multiple Cost-Sharing Designs
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percent coinsurance and a $3,000 MOOP. Panels (c¢) and (d) vary the coinsurance rate for contracts with a
$3,000 MOOP and a $500 or $1,500 deductible, or a $4,000 MOOP and a $1,500 deductible. Panels (a) and
(c) show average annual medical spending; panels (b) and (d) show the change in certainty equivalent (CE).
Simulations use N = 100,000 draws of annual health needs, calibrated following Ho and Lee (2023) to mean
$6,490, standard deviation $4,890, w = 0.263, and ¥ = 0.0003.
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I turn next to coinsurance variation. Panel (c) shows that average spending follows a
U-shaped pattern as the coinsurance rate rises across all three plan designs, which arises
from the model’s two opposing forces. When the initial coinsurance rate is low, increasing
coinsurance raises the marginal price of care for a broad set of consumers who remain below
the MOOP, while generating relatively few new cap switchers, so average spending falls. As
the coinsurance rate rises, however, the MOOP becomes substantially easier to reach, and
the mass of consumers pushed into the zero-price region grows. The cap-reaching force then
becomes strong enough to outweigh the standard price effect, causing average spending to

rise.

Panel (d) shows that welfare is non-monotonic in coinsurance and need not move in
the same direction as spending. Starting from a very low coinsurance rate, a moderate
increase in coinsurance can raise welfare for some plan designs even as spending falls. In
this range, higher coinsurance reduces utilization and lowers premiums, and the resulting
premium savings outweigh the welfare loss from less generous coverage. As coinsurance
rises further, however, insurance protection decreases, and CE falls. Over the same range,
spending can eventually rise because a higher coinsurance rate makes the MOOP easier to

reach and pushes more consumers into the zero-price region.

The direction of these aggregate effects, however, depends critically on the underlying
distribution of health needs. Figure 4 plots the aggregate spending response and the fraction
of cap switchers? as the mean of the health-need distribution varies from $1,000 to $15,000%°.
Panel (a) shows the spending response to a deductible increase from $500 to $1,500, and
Panel (b) shows the response to a coinsurance increase from 10 to 30 percent. When mean
health needs are low, most of the distribution lies in regions where the standard price effect
dominates, so aggregate spending falls. As the distribution shifts right, more mass enters
the cap-switching region, strengthening the cap-access effect and eventually turning the
aggregate spending response positive. Panels (c) and (d) show the corresponding fraction
of cap switchers, clarifying why the aggregate spending response becomes positive as health
needs rise. Even as the cap-switcher share eventually declines with more consumers reaching
the MOOP under both plans, the aggregate response does not reverse sharply because fewer

remain in the low-need region where spending falls.

The broader implication is that the aggregate spending effect of plan generosity cannot

be inferred from the contract alone. The same contract change can reduce spending in a

9The cap-switcher set follows the definition from Propositions 1 and B.1.
10The standard deviation is set to 75 percent of the mean at each point, matching the baseline ratio in Ho
and Lee (2023).
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Figure 4: Spending Responses and Cap-switcher Fractions across Health-Need Distributions
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Note: The figure shows how the spending response and the fraction of cap switchers vary across the health-
need distribution. Panels (a) and (b) plot the change in average spending from a deductible increase from
$500 to $1,500 and a coinsurance increase from 10 to 30 percent, respectively, as the mean of the health-
need distribution varies from $1,000 to $15,000. Panels (c) and (d) plot the corresponding fraction of cap
switchers, defined as consumers with A € [Acap(D1), Acap(Do)). The standard deviation is set to 75 percent
of the mean at each point, matching the baseline ratio in Ho and Lee (2023). The plan designs are the same
as those in Figure 3. The moral hazard parameter is set to w = 0.263, following Ho and Lee (2023).
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healthier population and increase it in a sicker one, as the net effect depends on how much

mass the health-need distribution places near the relevant cost-sharing thresholds.

5 Conclusion

This paper shows that in standard models of moral hazard under nonlinear cost-sharing,
reducing generosity can increase rather than decrease optimal spending. Raising deductibles
or coinsurance lowers the spending threshold at which the marginal price of care falls to zero.
Consumers near that threshold may therefore find it optimal to push through to the out-of-
pocket maximum, spending more despite less generous coverage. I show that the generosity
paradox arises under both perfect foresight and forward-looking behavior with uncertainty
and characterize the range of health needs for which it occurs. In many realistic plan designs,
reductions in generosity lead to aggregate spending increases, and this additional spending

does not improve welfare.

These results have practical implications for evaluating spending responses to changes
in generosity within existing plan designs. Insurers and employers often change existing plan
designs in response to rising spending, precisely when the paradox is most likely to arise. A
change intended to reduce spending may instead increase it if it pushes more enrollees toward
the out-of-pocket maximum. Even without a full structural model, a plan designer can often
infer the direction of the spending response by asking whether a proposed change moves
a substantial share of enrollees closer to the cap. In nonlinear contracts, that interaction,
rather than any single plan feature, determines whether a reduction in generosity reduces

spending or paradoxically increases it.

The generosity paradox also speaks to how we interpret observed heterogeneous spending
responses to changes in cost-sharing. Empirical work typically attributes such heterogeneity
to differences in price sensitivity across consumers (Einav et al., 2013; Ho and Lee, 2023).
This paper shows that heterogeneous responses can arise even among consumers with identi-
cal price sensitivity. The same deductible increase reduces spending for consumers far from
the out-of-pocket maximum and increases it for consumers near it. Observed heterogeneity
in spending responses therefore reflects not only differences in moral hazard parameters but

also differences in where health needs lie relative to the contract’s thresholds.

More broadly, the generosity paradox depends on how consumers form expectations
about future prices. Consumers near the out-of-pocket maximum spend more because they

anticipate that crossing it drives the marginal cost of care to zero. To the extent consumers
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are myopic, the paradox is correspondingly attenuated, because reducing generosity raises
or leaves unchanged the current spot price of care. Under myopia, for the paradox to arise,
a consumer must move from the coinsurance region to the out-of-pocket maximum within
a single period’s spending. While this is theoretically possible, it is unlikely to have a
meaningful aggregate impact. The degree to which consumers are forward-looking remains
an open empirical question, with direct relevance given that cost-sharing increases remain

the central tool for managing health care spending.
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Appendix A Proofs of Section 3.2

Appendix A.1 Derivation of A,y

The cap-reaching candidate is globally relevant only if it weakly dominates the full-price
candidate. Using
VI = A, VERO) = SA - M,

the cap weakly dominates full-price spending iff

cap(\) > 1/ded )\ YN M > - A > .
V()_V()<:>2 > — =y

Define
M

1+w/2

For A < A,p, reaching the out-of-pocket maximum cannot be globally optimal. The com-

Aeap =
parison with the coinsurance candidate is handled separately by Acoin-cap(D)-

Appendix A.2 Derivation of the cutoffs Aged-coin (D) and Acoin-cap (D)

Fix (s, M,w) and deductible D. Using the reduced values

Vad(\) = -\, VeR(DN) = %(1 —s)2—sA—(1-s)D, VeP()\) = %’A ~ M,

the pairwise indifference cutoffs are obtained as follows.

Deductible—coinsurance cutoff. Setting V4(\) = Vi (D; \) gives

_)\Z%)\(l—S)Q—S)‘_(l_S)D'
Rearranging,
w
(1 —3)(1—1—5(1_5)))‘: (1=9)D,
SO D
(D) = '
/\ded-coln( ) 1 +w(1 — s)/2
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Coinsurance—cap cutoff. Setting V<°"(D; \) = V() gives

A
P12 —sA—(1—s)D=“x— M.
2 2
Thus
s
M—-(1-s)D= s(1+w (1 — §>>/\,
and hence

M—-(1-s)D

)\coin—Cap(D) - s(14+w (1 - %)) .

These are pairwise indifference thresholds. Global region assignment is characterized in

the proof of Proposition 1.

Appendix A.3 Proofs for Propositions 1 and 2

Proof of Proposition 1. Define
/\cap(D) = maX{Acam /\coin—cap(D)}'

Then at deductible D, the consumer is in the coinsurance region if A € [Aded-coin(D), Acap(D))
and above the MOOP if A > Ac.p (D).

Now fix Dy < Dj. Since Ageq-coin(D) is strictly increasing in D, types in

[)\ded—coin (DO) ; )\ded—coin (Dl ) )

switch from the coinsurance region to the deductible region. Since Acoincap(D) is strictly

decreasing in D and A, is constant, A, (D) is weakly decreasing, so types in

[Acap (D1); Acap (Do)

switch from the coinsurance region to the MOOP region. No other switches occur, since the

coinsurance region shrinks from both sides as D rises.

Using

Mieq(A) = A, Meoin(A) = AL+ w(l — s)], My (A) = M1+ w),

coin cap
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it follows that
—w(l — S)/\, A€ [)\ded—coin(DO)u )‘dCd—COiH<D1))7
Am()\) = § ws )\, A€ [)\cap(Dl)7 /\cap(DO))v

0, otherwise.

Proof of Proposition 2. By Proposition 1, the cap-switcher set is

[Acap(Dl)y /\cap<D0))a /\cap(D) = maX{Acap7 Acoin—cap(D)}-

Since Acoin-cap(D) is strictly decreasing in D and Dy < Dy, this set is nonempty iff A,y <
)\COil’l-Cap (DO) .

Using
M —(1-s)D M

Negp = ————
and P+ w/2

)\coin-ca D) =
Y (R (R
the threshold deductible satisfying Acoin-cap(D) = Acap 18

w(l—s)—i—2.

Dcri -
¢ w+2

Because Acoin-cap(D) is strictly decreasing,
)\coin-cap(DO) > Acap — DO < Dcrit'

Hence, the cap-switcher set is nonempty iff Dy < Dey. If Dy = 0, then 0 < Dy, so the
cap-switcher set is nonempty for every D; € (0, M).
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Appendix B Changes in Coinsurance Rates

As in the deductible case, let Ag,p denote the smallest realized health need for which
reaching the MOOP weakly dominates stopping below the deductible. In the coinsurance

case, I also impose D < Ag,p. This ensures that

)\ded—coin (5) < )\Coin—cap (S) .

As a result, consumers do not jump directly from stopping below the deductible to reaching
the MOOP. Instead, there remains an intermediate range of health needs for which stopping
in the coinsurance region is optimal. Appendix Figure B.1 plots this condition in (w, D/M)-

space and shows that it holds for the vast majority of empirically relevant plan combinations.

Proposition B.1 characterizes how a coinsurance increase from sy to sy partitions re-
alized health needs into regions where spending rises, falls, or remains unchanged. Un-
der the maintained condition D < Agp, spending increases exactly for health needs in
[Acoin_cap(sl), Acoin_cap(so)), with Am(A) = wspA. This interval is nonempty. Unlike in the
deductible case, spending falls for two distinct groups. One group is pushed from the coinsur-
ance region to below the deductible, generating Am(A\) = —w(1 — sg)A. The other remains
in the coinsurance region under both rates, with Am(\) = —w(s; — sp)A. Outside these

intervals, optimal spending is unchanged.

Proposition B.1 (Heterogeneous Spending Responses to a Coinsurance Increase). Fiz (D, M, w)

and assume

D<Apy=—2
T T 14 w/2

Consider a coinsurance increase from so to s; with 0 < sp < s1 < 1.



Figure B.1: Parameter Space Satisfying D < Acap
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Note: The figure plots the maintained-domain restriction for Proposition B.1
in (w, D/M)-space. The shaded region indicates parameter values satisfying
D < Acap, with the vertical axis reported as 100 x (D/M).

Under the maintained assumption, Acoin-cap(51) < Acoin-cap(S0). Thus, in particular, the
cap-switcher set
[Acoin-cap<31>7 )\COin-cap(SO))

18 nonempty.
Then the change in optimal spending satisfies

(

_w(]- - SO))H Zf /\ € [Aded—coin(SO)a )\ded—coin(sl))a (COi?’L — ded)a

_W(SI — SO>/\7 Zf A S [)\ded—coin(51>7 )\COin—Cap(Sl)>7 (COin — COin)a
Am(N) =

WSO)\> Zf)\ € P\coin—cap(sl)a )\coin—cap(SO))a (COi?’L — CCLp),

0, otherwise.

\

Proof. See below.

Figure B.2 plots Am(\) for a coinsurance increase from 0.20 to 0.40, with D = $500,
M = $2,000, and w = 0.263. Consistent with Proposition B.1, spending is unchanged for
consumers below the deductible or at the MOOP under both coinsurance rates. Among

consumers initially in the coinsurance region, spending falls for two groups and rises for one.



Lower-need consumers in [452,463) are pushed below the deductible, while intermediate-
need consumers in [463,3,511) remain in the coinsurance region but reduce spending in
response to the higher marginal price. Higher-need consumers in [3,511,6,468) are pushed
to the MOOP and increase spending. As in Figure 1, the spending response is larger for

higher-need consumers within each group, reflecting that Am(\) is proportional to A.
Figure B.2: Spending Responses to Coinsurance Increases by Health Need
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Note: The figure plots the change in optimal spending, Am(X) = m*(\;s1) — m*(\; sg), by realized health
need A, for a coinsurance increase from 0.20 to 0.40, holding the deductible fixed at D = $500. The parameters
are M = $2,000 and w = 0.263, calibrated to estimates from Ho and Lee (2023). The annotations label how
types are reassigned across regions of the contract as coinsurance rises. The spending response varies with
health need because different types face different parts of the contract.

Proof of Proposition B.1. Fix (D, M,w) and assume

D < Aep = L
1+ w/2
For any s € (0, 1), define
D M—-(1-s)D
A ed-coin - ’ )\coin—ca - .
wheenld) = T2 ST (R
First,
A (s) D < D<A
ed-coin\S) = > cap)
ded 1+w(l—s)/2 P
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since 1 +w(1 —s)/2 > 1.

Next, define
A(s; N) = VIR (5;0) — VEP()),

Then Acoin-cap(s) is the unique solution to A(s; A) =0, and
A(s;A) = =5+ (D— (1+w)A)s+ (M — D).

For fixed s € (0, 1),

OA(s; \)

_ W — (Y
™ 3° (1+w)s s<2s (1+w)><0,

so A(s; A) is strictly decreasing in A. Evaluating at Ac,p, = M/(1 + w/2) gives

(1—s)(M(2+w(1—s))—D(2—|—w))'

A(8; Aeap) = T

Because D < Acp = 2M /(2 4+ w), the bracketed term is strictly positive for all s € (0,1),
hence
A(s; Acap) > 0.

Since A(s; A) is strictly decreasing in A and vanishes at A = Acoin-cap (), it follows that
Acoin-cap(S) > Acap for all s € (0,1).

Thus the coinsurance region is a genuine middle region.

Therefore, for each s € (0,1), the global region assignment is as follows: the consumer

is below the deductible if A < Ageq.coin($), Within the coinsurance region if

A S [Aded-coin (3) ) /\coin-cap (S)) )

and above the MOOP if
A Z )\coin-cap<3)-
Now compare two coinsurance rates 0 < sg < s; < 1. Since

B D
14 w(l—s)/2

)\ded—coin (S)



the lower cutoff is strictly increasing in s, so

>\ded—c0in (50) < )\ded—coin (5 1) .

To study the upper cutoff, differentiate A(s; \) with respect to s:

_(M(gs? N s+ (D~ (1+wA) =D —A\1+w(l-s).
s
Since
mi (s 0) = AL+ w(1 — )],
we have OA(s: )
% =D —mp;.(s;N).

For any A > A, and any s € (0, 1),

coin

Mioin(SiA) > X > A > D,

S0
OA(s; \)

0s
Hence, for each fixed A > Ac,p, A(s;A) is strictly decreasing in s. Since Acoin-cap(s) > Acaps

< 0.

the equation A(s; A) = 0 is reached at a lower value of A\ when s rises. Therefore

)\coin-cap (51 ) < )\coin-cap (50) .

Combining the two cutoff movements yields

/\ded—coin (30) < /\ded—coin (31) < /\coin—cap (31 ) < >\coin—cap (SO> ;

so the cap-switcher set
[Acoin—cap (Sl ) y )\COin—cap (50 ))

is nonempty.

It remains to compute spending changes. The region-specific spending levels are

Miea(A) = A, Mo (85 A) = A[1 4+ w(1 — s)], me (A) =M1+ w).

coin



Thus

mzkied<)\) - mzoin(so; )‘> = —W(l - 80))\7 1f )\ S [)\dcd—coin(s()); )\dcd—coin(sl))u

mzoin(sl; )\) - mzoin<305 )\) = —W(Sl - 30))\7 if )\ S [)\ded-coin<31)> Acoin-cap(sl))a
Am(\) =

mzap<)\) - mzoin(SO; )‘> = WSO)H 1f >\ S [)\coin—cap(51>7 Acoin—cap<50))7

0, otherwise.

No other switches occur, since the coinsurance region shrinks from both sides as s rises. [

Appendix C Dynamic Model with Uncertainty

Appendix C.1 Model setup

This section extends the model to forward-looking consumers who face uncertainty about
future health needs, following the dynamic approach in Ellis (1986); Cronin (2019); Diaz-
Campo (2022). The health benefit function A(-) remains as in equation 3, but is now applied
period by period, so utility from current care in period ¢ is written as h(my; A\, w), with the
same functional form in each period. Spending is therefore chosen over T periods rather
than once at the start of the year. In each period ¢, the consumer observes current health
need )\; and cumulative spending through the previous period, C;_;. These state variables
determine both the current value of care and how additional spending affects future OOP
costs. Given cumulative spending C;_;, incremental OOP spending from current spending
my is

AOOPt(thl, mt) = OOP(CI‘/,1 -+ mt) — OOP(thl),
and cumulative spending evolves as Cy = C;_1 + my.

Because spending decisions are made sequentially under uncertainty, the consumer in
each period must weigh the current health benefit of care against both its immediate OOP
cost and its effect on future OOP costs through cumulative spending. Let V;(C;_1, \;) denote
the consumer’s value in period ¢ after observing current health need \; and cumulative

spending C;_;. The value function satisfies

‘/;(Ct_l, )\t) = maX{h(mt; )\t, CL)) — AOOPt<Ct_1, mt) + 5Et[‘/;+1(0t, )\t+1)] },

m+>0



where § € (0,1) is the within-year discount factor and the expectation is taken over next
period’s health need A\;; ;. At the terminal period ¢t = T, the continuation value vanishes, so

the problem reduces to the static case.

For notational convenience, define the continuation value
Wi (C) = Ee[Vira (O At )],

which gives the expected value of entering period ¢ + 1 with cumulative spending C'. Then

the period-t objective can be written as

Gt(mt; )\t; Ot—l) = h(mt; >\t7 w) — AOOPt(Ot_l, mt) + 6Wt+1(Ct_1 + mt).

The shadow price of current spending, given cumulative spending C}_1, is defined as

0 0
Ci_1,my) = —AOOP(Ci_1,my) — 6 — W, 1 (Ci_1 + my).
Pt( t—1 t) om, t( t—1 t) om, t+1( t—1 t)
The first term is the spot marginal OOP price of current spending. The second term is the
marginal continuation-value benefit of spending more today. By raising cumulative spending
C}, current spending moves the consumer closer to the MOOP and can reduce future OOP

costs.

For periods t < T, the consumer chooses spending so that the marginal health benefit of
current spending equals its shadow price. The first-order condition for an interior optimum

is h (M5 A, w) = pi(Cy—1,m;). Under the quadratic h used above, this implies
m;‘ = )\t + W)\t(l — pt(Ct—h m;‘))

Thus, the optimal spending rule takes the same form as in the static model, but the relevant
marginal price is now the shadow price, which incorporates uncertainty about future health

needs through the continuation value.

Appendix C.2 The Discrete Switching Channel

The first channel arises when a deductible increase makes it optimal for some consumers
who would otherwise remain below the MOOP to push through and reach it instead. This oc-
curs when the value of reaching the MOOP exceeds the value of remaining in the coinsurance

region.



To formalize this, fix period ¢, state (Cy_1, \), and deductible D. Let V,"°% “P(D: \,, C,_,)

denote the maximized value from remaining below the MOOP:

V;bdow cap(D;)\th_l) = max Gt(mt;Ataot—lyD).

{m¢>0: Cy_1+me<m(D)}

Likewise, let V;**° “P(D; \;, Cy_;) denote the maximized value from choosing spending high
enough to reach the MOOP:

Vtabove cap(D; )\t’ Ct—l) = max Gt (mt; )\t, thla D)

{m¢>0: Cr—1+mi>m(D)}

Define W;**(D; A, Cy_1) as the net value of pushing through to the MOOP rather than

remaining below it:
\I[;:ap(D; )\t’ Ct—l) = ‘/tabove cap(D; )\t’ Ct—l) o V;below cap<D; )\t; Ct—l)-

When U;**(D; A\, Cy_1) > 0, reaching the MOOP is weakly optimal.

Proposition C.1 characterizes the range of new cap-reaching consumers generated by a
deductible increase from Dy to D;. Specifically, it focuses on consumers who begin period
t in the coinsurance region (D < Cy—y < m(D)), so cumulative spending at the start of the
period is already above the deductible but still below the threshold for reaching the MOOP.

A natural regularity condition is that U;*?(D; A, C;_1) is weakly increasing and contin-
uous in ;. Economically, this means that as current health need rises, reaching the MOOP
becomes weakly more attractive relative to remaining below it, and that this change occurs
smoothly. Together with the conditions that W™ (D; \;, Cy_1) < 0 for sufficiently low )\; and
U (D; N\, Cy_1) > 0 for sufficiently high ), this implies a well-defined cutoff level of health
need above which reaching the MOOP is weakly optimal.

Proposition C.1 (Forward-looking cap switchers under sufficient conditions). Fiz period t,

prior cumulative spending Cy_1, and two deductibles Dy < Dy. Assume
D < Cy_y <m(D) for all D € [Dy, D4].
For each D € [Dy, D], let
MNL(D; ) = inf{ )\ : UP(D; Ay, Cy_y) > 0},

cap

where Wy (D; A, Cy_1) is continuous and weakly increasing in N, negative for sufficiently



low A\, and nonnegative for sufficiently high ;.

Suppose further that for every fixed X,
D — U (D; N\, Cy_q)
is weakly increasing on [Do, D1]. Then

ANEE(Dy; Cy) < AEE

cap cap

(Do; Ct—l)-
If strict, the new cap-reaching consumers are exactly

P\FL (D1; Ot—1)7 AEL (Do; Ct—l))-

cap cap

A higher deductible can make cap-reaching more attractive because, once the consumer
is already in the coinsurance region, reaching the MOOP requires less additional OOP spend-
ing under a higher deductible. This direct gain is reinforced when the continuation-value
loss from a higher deductible becomes weaker as cumulative spending rises. An economi-
cally interpretable sufficient condition for the monotonicity assumption in Proposition C.1
is therefore that Wiy p(C; D) is weakly increasing in cumulative spending C'. This means
that the continuation-value effect of a higher deductible becomes less harmful as the con-
sumer moves closer to the MOOP, since future OOP exposure is then less sensitive to the
deductible. As a result, a deductible increase can lower the cap-entry cutoff and generate a

new range of cap-reaching consumers, given by [AL (D1; Ci—1), A (Do; Ci1)).
Proof. For each deductible D, define

Seap(D; Ci—1) = { A - V7P (D; Ay, Cyo1) > 0}
By assumption, for each fixed D, the map

)\t —> \Ijgap(D; )\t, Ot—l)

is continuous and weakly increasing, negative for sufficiently low A; and nonnegative for

sufficiently high )\;. Hence

Scap(D§ Ct—l) = [)‘FL (D§ Ot—l)a OO)

cap



Now fix A;. Since
D — U (D; N\, Cy_q)

is weakly increasing on [Dy, D;], we have
\Ij;ap<Dl; )\ta thl) > \Ifgap(Do; )\t, thl)-

Therefore any \; for which cap-reaching is weakly optimal under Dy is also one for which

cap-reaching is weakly optimal under D;. Thus
Scap(DO; Ct—l) g Scap(Dl; Ct—l)-
Since both sets are upper intervals, it follows that

MNL(Dy; Coy) < AEE

cap cap

(Do; Ct—l)-

If strict, the newly induced cap-reaching consumers are exactly

Scap(Dl; Ct—l) \Scap(DO; Ct—l) = [)\FL<D17 Ct—l) /\FL D07 Ct—1>>‘

cap » “\cap (

Appendix C.3 The Smooth Channel

The second channel is a smooth spending response within the coinsurance region. It
captures how a deductible increase can raise spending even when the consumer remains
strictly inside the coinsurance region. In this case, there is no discrete switch to the MOOP.
The spot price of care is unchanged, so any increase in spending must come from the dynamic

value of moving closer to the MOOP and thereby lowering expected future OOP costs.

Proposition C.2 (Forward-looking smooth increases). Fiz period t, prior cumulative spending
Cy_1, current health need A\, and deductible Dy. Suppose that for all D in a neighborhood of
Dy,

D <Ciy and D < Ciy+m;(D,\)<m(D).

Assume that Gy(my; My, Cy_1, D) is strictly concave in my and that Wy1(C'; D) is differentiable
in (C, D).

10



In particular, when

Witi.cp (Cf(Doa Ab); Do) > 0,

we have

dmI(D, At)

0.
dD -

Do

Therefore,
m:(Dly )\t) > m;k(DOa )\t)

for all sufficiently small deductible increases Dy > Dy.

Proposition C.2 characterizes when the smooth channel raises spending. Consider a
consumer who has already passed the deductible by the start of period ¢ (D < Cy_;) and
remains below the MOOP after making the period-t spending choice (D < Cy_1+m; (D, \) <
m(D)). The choice therefore stays entirely within the coinsurance region. As a result, the
current marginal price of care is unchanged, so any increase in spending must reflect the

future value of moving closer to the MOOP.

The proposition also imposes two regularity conditions. First, G is strictly concave in
my, a standard assumption that captures diminishing marginal value of additional utilization.
As current spending rises, each additional dollar of care contributes less to the consumer’s
overall payoff, ensuring that the period-¢ problem has a unique interior optimum. Second,
Wi1(C; D) is differentiable in (C, D), so small changes in cumulative spending and the

deductible lead to smooth changes in continuation value.

Proposition C.2 gives a general sufficient condition for the smooth channel. A deductible

increase raises spending within the coinsurance region when the continuation value satisfies
Wivi,op (OZ<D07 At); Do) > 0.

The cross-partial Wii1 op(C; D) measures how the marginal continuation value of cumulative
spending changes when the deductible rises. If W;1 ¢p > 0, then an extra dollar of spending
today becomes more valuable under a higher deductible because it moves the consumer closer
to the MOOP. Under this condition, spending rises as the deductible increases from Dy to
Dy, so that m;(Dy, \y) > m; (Do, \¢).

Proof of Proposition C.2. Consider a neighborhood of D, such that

D < Ct,1 and D < thl -+ m:(D, )\t) < m(D)

11



The first inequality means the consumer enters period t already in the coinsurance region.
The second means that, after choosing optimal current utilization, cumulative spending
remains below the level required to reach the MOOP. Therefore, throughout the interval
from C;_; to Cy—1 +mj (D, \), the marginal out-of-pocket price is the coinsurance rate s. It

follows that the period-t out-of-pocket increment is locally
AOOPt(Ct_l, My D) = SNy,

so it does not vary with D.

Recall that
Wii1(C; D) = Ey[Vig1(C, Ay D)

and

Gi(me; A, Ci_1, D) = h(my; A, w) — AOOP(Cy_1,my; D) + § Wiy (Cr—y + my; D).

Define

oG
H(mt, D) = a—mtt(mt; A, Cii, D) = hm(mt; )\t7W> —s+ (SWtJrl,C(thl + Mg D)-

Since m; (D, \;) is an interior optimizer, it satisfies
H(m:(D,\,), D) = 0.

By assumption, W;11(C; D) is differentiable in (C, D), so H(my, D) is continuously dif-

ferentiable in (my, D). Moreover, strict concavity of G; in m; implies
H,p(m: (Do, \,), Do) < 0.

Hence the first-order condition pins down the optimum locally as a differentiable function of
D.

Next,
Hp(my, D) = 6 Wiy1.0p(Ciy + my; D),

because on this neighborhood the current-period out-of-pocket increment is sm;, so the

only D-dependence in the first-order condition comes through the continuation value. The

12



Implicit Function Theorem therefore gives

dTI’L;k (D, >\t)
dD

_ Hp _ OWiaeop (Cy—1 +m; (Do, \r); Do)

Dy Hm (m:(D(]v)‘t)’DO) Hm (mr<D07 At)u DO)

Because the denominator is negative, the sign of the spending response is the sign of the

cross-partial:

dD

Do

dm; (D, A . *
sign(M ) — sign(Wis1.00 (C (Do, M) Do)

where

Ct*(D()? )\t) = Ct—l + m:(DCH /\t)
Hence, if Wi1,cp(C; (Do, At); Do) > 0, then

dm; (D, \)

> 0.
dD Do

Therefore m; (D1, Ar) > m;(Dy, A) for all sufficiently small deductible increases Dy > Dy. [

Appendix C.3.1 Two-Period Verification under Lognormal Health Risk

To illustrate the sufficient condition in Proposition C.2 more concretely, consider the
two-period model under the lognormal specification used in the existing literature. Because

period 2 is final, the continuation value relevant for the period-1 choice simplifies to
Wy(C; D) = E[Va(C, Ag; D).

Lemma C.1 shows that when period 2 begins in the coinsurance region and period-2 health

need is lognormally distributed, the continuation value satisfies
WQ’CD(C; D) > 0.

Thus, in the two-period model with lognormal health risk, the sufficient condition in Propo-
sition C.2 holds, providing a direct justification for the smooth spending response in period
1.

Lemma C.1 (Two-period continuation-value cross-partial). Consider the two-period model,

with period 2 terminal, and suppose period-2 health need Ao is lognormally distributed with

13



density fo. Fiz a period-2 state (C, D) such that
D < C <m(D),
and define the remaining spending needed to reach the MOOP by
z(C,D)=m(D) - C.

Then the continuation value relevant for period 1, Wo(C; D) = E[Va(C, \y; D)], satisfies

o 1—s z(C, D)

Proof of Lemma C.1. Fix (C, D) with D < C' < m(D) and define
r=xz(C,D)=m(D)—-C > 0.

Since the consumer enters period 2 already in the coinsurance region, the period-2 out-of-
pocket increment is
SMo, Mo < T,

AOOPQ(C, mao; D) =
sx, My > .

Thus the terminal problem is

Vo(C, Ag; D) = max {h(mg; Ay, w) — smin{may, 2} } .

mo>0
If the consumer remains below the MOOP, the optimal choice is
mE(Ag) = (1+w(l - ),

with value
Vcoin()\Q) =h((1 4+ w(l = 38))A2; Ao, w) — s(1 + w(l — s))\a.

If the consumer reaches the MOOP, the out-of-pocket cost is the fixed amount s z. Once the
MOOP is reached, additional spending is free at the margin, so the optimal choice solves the

full-coverage problem. Hence
my" (A2) = (14 w)Ae,

14



and the associated value is

(14 w)Aa; Ao, w) — sx.

Define
Vcap()\2) = h((l —+ CU))\Q; /\2,(.0) ,

so the cap-reaching value is
VEeP(Ag) — s .

Comparing the two values,

VeP(\y) — sz — VOI()\y) = s [)\2(1 +w(1 — %)) — SC} .

Hence reaching the MOOP is optimal if and only if

T
Ay > NP =
==L
Therefore
AP () , 00
Wy(C; D) = / V() fo(A) dX +/ (Vcap()\) — s:z:)fz(A) dA.
0 ASP ()

Because the two branches coincide at the cutoff, differentiation with respect to = gives
Wae(z) = =s[1 = KA (2))].

Differentiating again,

Wazo() > ) Fo (A5 (2)).

Since the terminal problem depends on (C, D) only through
z(C, D) =m(D) — C,
the continuation value can be written as
Wa(C; D) = Wa(x(C, D).
By the chain rule,

Wa,o(C; D) = Wj(x) zc

15



and

Because
z(C, D) =m(D) - C,
we have
To = —1, xD:m’(D)zl—lz—l_S, zop = 0.
S s
Therefore

Wa.cp(C; D) = W{(x) zorp = Wa () zoxp.

Substituting for W . () yields

O St z(C, D)
Waen(C; D) = 1+w(l-2%) f2<1+w(1_§)>'

Since the lognormal density is strictly positive on (0,00) and z(C, D) > 0, it follows that

WQ,C’D(C; D) > 0.

Appendix C.4 Simulation of the Dynamic Model with Uncertainty

Figure C.1 provides a simulation result of the forward-looking model in a two-period
setting. It shows how expected total spending changes when the deductible increases from
Dy = $500 to Dy = $1,500, holding fixed the same contract parameters as Figure 1 and

1 The x-axis

using a period-specific health need distribution inferred from Ho and Lee.!
shows realized first-period health need \;. For each value of A\, the figure plots the expected
change in total spending across both periods, integrating over uncertainty in second-period
health need Ay. In period 1, the consumer observes A\; and chooses m;, taking into account
that current spending affects the price of care in period 2. In the terminal period ¢ = 2, the

consumer observes Ay and chooses mo with no remaining uncertainty.

The figure shows that the spending response varies substantially with first-period health
need. For low values of A\, expected total spending falls under the higher deductible. These

' The contract parameters are M = $2,000, s = 0.1, § = 1, and w = 0.263. Health need in each period
is drawn independently from a lognormal distribution with mean and standard deviation equal to half the
annual values from Ho and Lee, reflecting the two-period structure.
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Figure C.1: Spending Responses to a Deductible Increase in the Dynamic Model with Un-
certainty

Spending increases
200 1 Spending decreases
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Note: The figure plots E[A(m1+ms) | A1], the expected change in total two-
period spending, as a function of realized first-period health need A;. The
deductible increases from Dy = $500 to D; = $1,500. Contract parameters
are M = $2,000, s = 0.10, § = 1, and w = 0.263. Health need in each
period is drawn from a lognormal distribution with per-period mean $3,245
and standard deviation $2,434, equal to half the annual values from Ho and
Lee. The plotted line is smoothed using a Gaussian filter for visual clarity.
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consumers are pushed back toward the deductible region, where they face a higher current
price and reduce spending. Over a broad intermediate range, expected total spending instead
rises. This increase reflects both channels explained above. Some consumers raise spending
while remaining in the coinsurance region, while others switch from the coinsurance region
to the MOOP. For high values of A{, the response returns toward zero, since these consumers
reach the MOOP under both contracts and the deductible increase no longer affects total
spending.

Appendix D Supplementary Figures and Tables

Figure D.1: Average Spending under Multiple Cost-Sharing Designs with Extensive-Margin
Hassle Cost
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Note: The figure plots average annual medical spending m* as the deductible varies across three plan
designs: 20 percent coinsurance for both the $3,000 and $4,000 MOOP and 10 percent coinsurance with a
$3,000 MOOP. The model includes an extensive-margin hassle cost of z = $1,710, the highest value estimated
by Ho and Lee (2023), so consumers seek care only when the net utility gain from spending exceeds the hassle
cost; otherwise they optimally choose m* = 0. Simulations use N = 100,000 draws of annual health needs
calibrated following Ho and Lee (2023): mean health needs $6,490, standard deviation $4,868, moral hazard
parameter w = 0.263.
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Table D.1: Decomposition of Spending and Welfare Changes from Raising the Deductible
from $500 to $1,500

Panel A. Aggregate Changes

AE[m] 75.97
AE[OOP] 678.03
APremium -602.06
AEU -74.98

Panel B. Transition Decomposition

Transition group Share AE[m| AE[OOP] AEU
Coinsurance — MOOP 0.397 81.60 231.99 11.24
Coinsurance — Coinsurance 0.484 0.00 435.21 -144.08
Coinsurance — Deductible 0.022 -5.63 10.83 -0.50
Cap — Cap 0.097 0.00 0.00 58.30
Deductible — Deductible <0.001 0.00 0.00 0.05
Total 1.000 75.97 678.03  -74.98

Notes: The table reports a decomposition of the effects of increasing the de-
ductible from $500 to $1,500, holding fixed M = $2,000 and s = 0.10. The
simulation sets w = 0.263 and draws health needs A from a lognormal distri-
bution calibrated to have mean $6,490 and standard deviation $4,890, using
100,000 simulated draws. Panel A reports aggregate changes in average med-
ical spending, average out-of-pocket spending, the actuarially fair premium,
and expected utility. Panel B decomposes the aggregate changes into transition
groups. The increase in spending is driven primarily by consumers switching
from the coinsurance region into the MOOP region, while the decline in ex-
pected utility is driven mainly by consumers who remain in the coinsurance
region and face higher out-of-pocket exposure. Because the premium falls in
this exercise, the welfare decline is not due to a mechanical increase in premi-
ums.
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Figure D.2: Average OOP Spending and Premiums under Multiple Cost-Sharing Designs
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Note: The figure plots average out-of-pocket spending and average actuarially fair premiums as the deductible
varies across three plan designs: 20 percent coinsurance for both the $3,000 and $4,000 MOOP and 10 percent
coinsurance with a $3,000 MOOP. Premiums are actuarially fair and equal to average insurer liability under
each contract. Simulations use N = 100,000 draws of annual health needs calibrated following Ho and Lee
(2023), with mean $6,490, standard deviation $4,868, moral hazard parameter w = 0.263.




Figure D.3: Parameter-Space Map of the Sign of the Average Spending Response to a $500
Deductible Increase

Parameter space for a $500 deductible increase
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Note: Each panel maps the sign of the simulated change in average medical spending from a $500
increase in the deductible. The horizontal axis gives the initial deductible D, and the vertical axis gives
the coinsurance rate s. Columns vary the out-of-pocket maximum, M € {$3,000, $4,000, $5,000}, and
rows vary the lognormal distribution of health needs \: (3,245, 2,434) in the top row, (6,490, 4,868) in
the middle row, and (9,735, 7,302) in the bottom row, where each pair gives the mean and standard
deviation. Shaded regions indicate parameter combinations for which a deductible increase raises
average spending, and unshaded regions indicate parameter combinations for which spending falls. In
all panels, the moral hazard parameter is fixed at w = 0.263, and results are based on 100,000 Monte
Carlo draws.
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Figure D.4: Parameter-Space Map of the Sign of the Average Spending Response to a 10
Percentage Point Coinsurance Increase

Parameter space for a 10 percentage point coinsurance increase
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Note: Each panel maps the sign of the simulated change in average medical spending from increasing
the coinsurance rate by 10 percentage points. The horizontal axis gives the deductible D, and the
vertical axis gives the initial coinsurance rate s. Columns vary the out-of-pocket maximum, M €
{$3,000, $4,000, $5,000}, and rows vary the lognormal distribution of health needs X: (3,245, 2,434)
in the top row, (6,490, 4,868) in the middle row, and (9,735, 7,302) in the bottom row, where each
pair gives the mean and standard deviation. Shaded areas indicate that a coinsurance increase raises
spending; unshaded areas indicate that spending falls. The moral hazard parameter is fixed at w =
0.263, and results are based on 100,000 Monte Carlo draws.
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