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1 Introduction

Supply disruptions are pervasive, and who bears their costs depends critically on whether
prices can adjust. In flexible-price markets, scarcity is largely resolved through price in-
creases; in regulated markets, it must instead be absorbed through non-price mechanisms
such as rationing, queuing, or substitution across products. Such regulation is common
in housing through rent control, in agriculture through price floors and ceilings, and in
energy and health care through administratively set prices. Existing work studies how dis-
ruptions affect production, trade, and product availability (Barrot and Sauvagnat, 2016;
Boehm et al., 2019; Carvalho et al., 2021), but less is known about how disruptions are
transmitted to consumers when prices are fixed and product choice is mediated by an in-
termediary. We focus on substitution across close but differently priced products: when a
disruption shifts consumers toward a more expensive one, their expenditure rises with no
change in any product’s price and an unintended cost that depends on which substitute
the intermediary dispenses.

In health care markets, prices are often regulated and treatment choices are dele-
gated to providers, whose incentives shape which products patients receive (lizuka, 2012;
Clemens and Gottlieb, 2014). Japan’s prescription-drug market combines two features
that are common in regulated markets but rarely observed together so clearly. First,
products with the same active ingredient, dosage form, and strength are sold at differ-
ent regulated prices. Second, pharmacists rather than patients often select the dispensed
product!. Their financial incentives can shape whether a patient receives a brand-name
product or a generic and, among generics, the price level of the generic dispensed. In
line with generic-substitution policies worldwide, Japan’s pay-for-performance program

provides pharmacies with an add-on payment based on their generic-dispensing share, en-

!Patients may express a preference between brand-name and generic drugs but generally do not choose
the manufacturer or price tier of the generic they receive. In Japan, advertising prescription drugs to
the public is prohibited. Hospitals are independent of pharmacies, and physicians are prohibited from
referring patients to specific pharmacies in any form.



couraging substitution toward generics rather than brand-name products to reduce drug
spending. Because this add-on does not vary across generics, however, pharmacies have
no incentive to select a lower-priced one. Intermediary incentives can thus shape not only
whether substitution occurs but which substitute is dispensed, and hence how much of a
disruption’s cost ultimately falls on patients.

Drug shortages make these institutional features an immediate policy concern. Short-
age risk is disproportionately concentrated in low-price, low-margin off-patent products,
and the burden is large: recent estimates put the annual cost to EU community pharma-
cists at EUR 399-793 million (European Commission, 2025). This concentration creates
a tension at the center of generic-drug policy. Generic entry and substitution lower pa-
tient and insurer spending (lizuka, 2012; Ito et al., 2020; Janssen and Granlund, 2023),
but shortages can shift patients from inexpensive generics to branded or higher-priced
alternatives, reversing part of those savings. Existing work mainly studies why short-
ages arise and how manufacturers, providers, and prices respond (Ridley et al., 2016;
Yurukoglu et al., 2017; Stomberg, 2018; Dubois et al., 2023; Conti and Wosiriska, 2025);
little causal evidence identifies which substitutes are ultimately dispensed or how patients’
out-of-pocket costs change.

We provide this evidence by exploiting the government-ordered 2021 production sus-
pension of Nichi-ITko Pharmaceutical, a major Japanese generic manufacturer, as a quasi-
natural experiment. The suspension followed audits that uncovered manufacturing mis-
conduct and was abrupt, unanticipated, and unrelated to patient demand or local market
conditions. Using individual-level claims that link patients to their dispensing pharmacies,
we compare patients who predominantly used Nichi-Tko products before the suspension
with patients using generics from other manufacturers within the same drug group that
shares active ingredient, dosage form, and strength (dose). A shortage creates two ad-
justment channels: patients may reduce or discontinue treatment, and, conditional on

continued treatment, the pharmacy decides which product to dispense. We estimate how



the resulting shortage affects treatment continuity through the first channel and out-
of-pocket spending and drug substitution through the second, among patients receiving
treatment for dyslipidemia and hypertension. To interpret the substitution patterns, we
model pharmacies as choosing among alternative products based on procurement costs,
dispensing margins, and payments under the generic-dispensing pay-for-performance pro-
gram, and examine whether responses differ by pharmacies’ add-on status. Guided by
the model, we further simulate a targeted within-generic incentive and show that a mod-
est per-prescription payment can lower both patients’ out-of-pocket spending and total
medical spending, net of its cost.

We find that the supply shock increased patients’ out-of-pocket spending by up to 21%.
Event-study estimates reveal two substitution responses: a temporary shift from generics
to brand-name drugs and a persistent shift toward higher-priced generics, with the latter
accounting for most of the implied increase in patient spending. Its larger contribution
reflects the much larger substitution response: far more prescriptions shift toward higher-
priced generics than toward brand-name drugs. Its persistence is consistent with the
generic-dispensing add-on dropping out of the choice among generics. Cross-pharmacy
heterogeneity in the brand-versus-generic response is consistent with the program’s incen-
tive to remain within the generic segment. Our back-of-the-envelope calculations suggest
that an additional financial incentive for dispensing lower-priced generics would more
than pay for itself: an incentive of approximately JPY 60 per shortage-induced high-
priced-generic prescription would reduce patient out-of-pocket spending by JPY 197 and
total medical spending by JPY 663, net of the incentive cost. We also find class-specific
evidence of lower adherence and higher discontinuation, indicating that the effects of
shortages extend beyond financial costs to treatment continuity.

This paper makes three contributions. First, we contribute to the literature on the
welfare consequences of price regulation and non-price adjustment. A large body of work

has examined how price controls affect welfare theoretically (Bulow and Klemperer, 2012)
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and empirically in markets such as housing (Glaeser and Luttmer, 2003) and energy
(Frech and Lee, 1987). In health care, related work studies waiting time, priority rules,
and reassignment as non-price mechanisms for allocating scarce resources (Gravelle and
Siciliani, 2008; Agarwal et al., 2021; Huitfeldt et al., forthcoming). A common theme
in this literature is that when prices cannot adjust to clear markets, supply disruptions
are resolved through alternative allocation mechanisms rather than price increases. We
contribute to this literature by studying pharmaceutical markets, where shortages are
resolved through delegated substitution between clinically equivalent drugs with different
prices. Unlike standard consumer markets, these substitution decisions are often made
by pharmacists rather than patients themselves, implying that the incidence of shortages
may depend not only on supply conditions but also on intermediary incentives. Second,
we add to the limited economics literature on the consequences of drug shortages for
patients. Prior studies have primarily examined the causes of shortages (Ridley et al.,
2016; Stomberg, 2018; Dubois et al., 2023; Conti and Wosinska, 2025), with relatively
little attention to their economic consequences. Because Japan’s regulated setting shuts
down the price channel, our estimates isolate the substitution channel alone, allowing us
to identify the mechanism of cost increases more cleanly than in less regulated markets
such as the United States, where price increases and substitution operate simultaneously.
We further decompose this substitution into temporary shifts toward brand-name drugs
and persistent shifts toward higher-priced generics, and document additional effects on
treatment continuity. Third, we contribute to the understanding of provider behavior in
healthcare markets by examining how pharmacy dispensing responses vary under a pay-
for-performance program. While extensive research has analyzed physician responses to
financial incentives (Chalkley and Tilley, 2005; lizuka, 2012; Chan et al., 2022), the role
of pharmacies remains relatively understudied despite growing attention to generic drugs
and pharmacy markets (Brekke et al., 2013; Ito et al., 2020; Janssen and Granlund, 2023;

Kakehi and Nakajima, 2026). We distinguish the brand-versus-generic margin from the
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choice among generics: the existing program rewards generic dispensing but provides no
direct incentive to select a lower-priced generic. We therefore evaluate a targeted within-
generic payment and quantify its implications for patient out-of-pocket spending and total

drug spending.

2 Background

2.1 Production Suspension and Drug Shortages

To define the supply shock, our analysis centers on the government mandate issued in
early 2021 requiring the generic drug manufacturer Nichi-Iko Pharmaceutical Co., Ltd.
(hereafter NP) to suspend production in response to manufacturing misconduct (Nichi-Iko
Co., Ltd., 2021).

We focus on the production suspension of the manufacturer for two reasons. First,
it was one of the first large-scale suspensions in the wave of administrative sanctions
from 2021-2023 and was therefore especially unexpected relative to later actions. Indeed,
these large-scale scandals became major events that heightened concerns about the sta-
bility of supply and the quality of generic drugs. Second, NP is a leading generic-drug
manufacturer in Japan, supplying a wide range of therapeutic categories and product
variants. In fiscal year 2020, it reported consolidated revenue of JPY 188.2 billion and
marketed over 1,000 pharmaceutical products, giving it one of the broadest product port-
folios among Japanese generic manufacturers (Nichi-Iko Pharmaceutical Co., Ltd., 2021;
Nichi-Tko Pharmaceutical Co., Ltd. and Eisai Co., Ltd., 2019). The firm’s importance

became evident following the suspension of its manufacturing operations in 2021 2. The

2The immediate regulatory context for NP’s suspension was set by a high-profile incident at another
generic manufacturer. In December 2020, Kobayashi Kako Co., Ltd. was found to have distributed
antifungal tablets contaminated with a sedative agent, resulting in serious health injuries including traffic
accidents; the company subsequently received a record 116-day production suspension order in February
2021. Heightened regulatory scrutiny of generic manufacturers following the event led authorities to
uncover systematic manufacturing violations at NP. NP products that did not pass quality tests were



Ministry of Health, Labour and Welfare (MHLW) subsequently identified the resulting
supply instability as a nationwide problem and introduced a series of policy measures
to restore a stable supply of generic drugs (Ministry of Health, Labour and Welfare,
2023a). These developments underscore NP’s role as a systemically important supplier in
the Japanese generic pharmaceutical market. The misconduct was publicly reported on
March 3, 2021, and a regulatory production-suspension order followed on March 5, 2021.
We define March 3, 2021, as the onset of the NP shortage.

2.2 Drug Pricing Policies in Japan

Japan’s universal health insurance covers all residents not receiving public assistance,
who are enrolled in the National Health Insurance Program (NHIP). Financing comes
primarily from social insurance premiums and taxes, with nearly 90% from public expen-
diture and slightly over 10% from individual contributions. Co-payment rates are set by
age and income, leaving patients responsible for 10-30% of covered costs®. Coverage is
comprehensive in scope. Nearly all pharmaceuticals for treatment approved in Japan are
covered by the NHIP, and their prices are officially regulated.

These pharmaceuticals move from manufacturers to medical institutions via whole-
salers. The officially set drug price (“yakka”) is the retail price charged by these institu-
tions, of which public health insurance typically covers 70-90%, leaving patients responsi-
ble only for the remaining coinsurance. It is revised biennially, with an additional interim
annual adjustment starting in 2021. These revisions primarily align the official retail
price with the competitive wholesale price at which hospitals and pharmacies purchase
from wholesalers. In practice, wholesale prices are below the regulated price, and the gap

constitutes a margin accruing to healthcare providers (Ministry of Health, Labour and

reprocessed through unapproved methods and distributed as if compliant; moreover, the manufacturing
and quality-control systems were judged inadequate.

3In our data, the majority of patients are working-age and the copayment rate is 30%. More details are
found in Section 4.



Welfare, 2025a).

Japanese generics are priced into three price tiers as follows (Ministry of Health,
Labour and Welfare, 2023c). For newly listed generics, the official price is set at 50% of
the corresponding brand-name price; if more than ten generics are listed simultaneously
for an active ingredient, it is 40%. Where generics already exist, the new listing is priced
at the lowest existing generic. Thereafter, listed generics undergo periodic retail price
revisions, biennial with annual interim adjustments, which modify official prices. Because
each product transacts at its own competitive wholesale price between providers and
wholesalers, products sharing the same generic name can diverge in price. To standardize
reimbursement, generics are grouped into three price tiers with weighted-average prices:
a high tier at 50% or more of the maximum price, a middle tier at 30-50%, and a low
tier at less than 30%. These rules are further adjusted for time since approval and other

factors.

2.3 How Patients Obtain Prescription Drugs

In Japan, a patient first visits a clinic or hospital, where a physician issues a prescription,
often written by generic (nonproprietary) name rather than for a specific product. The
patient then presents the prescription at a pharmacy of their choice, which dispenses the
medication?. The vast majority of pharmacies in Japan are privately owned, for-profit
establishments®.

At the pharmacy, the choice of which product to dispense rests largely with the phar-

macist rather than the patient. Patients may express a preference between a brand-name

4Physicians may affect dispensing choices at the pharmacy, but this channel is limited in practice. Since the
introduction of nonproprietary-name prescriptions in 2012, patients and pharmacists can generally choose
between brand-name and generic products at pharmacies, and prescriptions that prohibit substitution
account for less than 5% of prescriptions (Ministry of Health, Labour and Welfare, 2023d).

5 According to the FY2020 Survey on Supply and Demand Trends of Pharmacists conducted by the Ministry
of Health, Labour and Welfare, 56.6% of pharmacies were operated by joint-stock companies (kabushiki
kaisha) and 29.7% by limited companies (yugen kaisha), together accounting for approximately 87% of
pharmacies in the survey (Ministry of Health, Labour and Welfare, 2021, p. 89).



drug and a generic, whose price is typically about half that of the brand, and may in prin-
ciple request a specific product; in practice, however, they receive whatever the pharmacy
has in stock and generally choose neither the manufacturer nor the price tier of the generic
dispensed. To contain inventory costs, a pharmacy typically stocks only one brand-name
product and a single generic version from one manufacturer for each active ingredient®.
Driven by government pay-for-performance incentives discussed in Section 2.4, dispensing
has increasingly shifted toward generics.

This structure shapes how a supply disruption reaches patients. When the generic
a pharmacy normally dispenses becomes unavailable, the pharmacist has two options.
First, substitute the brand-name product, which typically increases patient costs. Sec-
ond, dispense an alternative generic; depending on the price tiers of the unavailable and
replacement products, patient costs may decrease, increase, or remain nearly unchanged.
Which option a pharmacy takes, and, among generics, which alternative it selects, is

therefore central to who bears the cost of a shortage, a point we formalize in Section 6.

2.4 Pay-for-Performance Incentives for Generic Drug Dispens-
ing

To promote generic use and contain medical spending, the government introduced pay-

for-performance incentives for pharmacies in 2008. According to the Ministry of Health,

Labour and Welfare, the generic share (by quantity) rose from 32.5% in 2005 to 85.5%

in 2024 (Ministry of Health, Labour and Welfare, 2025b). Beginning in 2010, incentives

were tied to each pharmacy’s generic-dispensing rate, calculated over the prior three

months. Pharmacies meeting specified thresholds received a fixed add-on payment per

SFor example, a pharmacy dispensing olmesartan, an angiotensin II receptor blocker (ARB) used to treat
hypertension, may stock the originator brand (Olmetec) together with only one generic version (e.g.,
Nichi-Tko’s olmesartan), rather than carrying generic products from multiple manufacturers.



prescription”.

Subsequent fee-schedule revisions raised both thresholds and payments as generic-
share targets increased. By 2020, the period analyzed, the thresholds were a generic-
dispensing rate of > 75% and < 80% (150 JPY), > 80% and < 85% (220 JPY), and
> 85% (280 JPY) (Ministry of Health, Labour and Welfare, 2023b). These add-on fees are
applied to all prescriptions dispensed at a pharmacy, including brand products. Given a
contemporaneous fixed dispensing fee of 400 JPY per prescription, the scheme represented
a sizable revenue component and created strong incentives to sustain high generic shares

for pharmacies. As a result, over 70% of pharmacies had a generic share of at least 75%

by 2020.

3 Empirical Methods

We first estimate the effects on patients’ out-of-pocket spending and the types of drugs dis-
pensed. To that end, we employ an event-study analysis using individual-level drug claims
data. The treatment group consists of patients who used generic drugs manufactured by
NP before the production suspension, whereas the control group consists of patients who
used generic drugs manufactured by other manufacturers, as described in detail below.
Consider a patient ¢ € [ receiving a drug in drug group j € J at pharmacy k € K in
month ¢t € T. Each drug group consists of a brand-name product and generic products
from one or more manufacturers. Once a patient receives a prescription, the pharmacy
dispenses either a brand-name drug or a generic with the same active ingredient, dosage
form, and strength.

To examine how the production suspension of Nichi-Iko Pharmaceutical (NP) affected

"In 2010, the categories and add-on payments were set as follows: 60 JPY per prescription for a share
of > 20% and < 25%, 130 JPY for a share of > 25% and < 30%, and 170 JPY for a share of > 30%
(Ministry of Health, Labour and Welfare, 2010). A penalty for a low generic share was also introduced
in 2018, initially targeting pharmacies with a generic share below 20%, and was extended in 2020 to
pharmacies with a generic share below 40%. Such pharmacies were rare in our dataset.
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drug choices and patient costs, our baseline event-study specification is

Yijke = Z 0eDij x H{Ey = 0} 4+ i + Nji + pyyr + Eijit, (1)
#-1

where Y, is the outcome variable, D;; is a treatment indicator equal to one if patient i
predominantly used NP products in drug group j before the suspension, and FE; denotes
event time relative to the NP suspension. The omitted period is one month before the
suspension, E; = —1. The coefficients 9, trace the effect of exposure to NP products
relative to the omitted pre-suspension period. The specification includes patient-by-drug-
group fixed effects c;;, month-by-drug-group fixed effects A;;, and fiscal-year-by-pharmacy
fixed effects py ), where y(t) denotes the fiscal year containing month ¢. These interacted
fixed effects absorb the corresponding patient, drug-group, month, and pharmacy fixed
effects. We use two-way cluster-robust standard errors at the patient and pharmacy level.
Identification therefore comes from differential changes over time between NP-exposed
and non-NP patient—drug-group cells within the same drug group and month, after con-
trolling for pharmacy-specific shocks in each fiscal year. The coefficients d, are constrained
to be common across drug groups, so the specification pools comparisons conducted within
drug groups rather than estimating a separate event study for each drug group. In this
study, we examine two therapeutic classes that have large markets and require regu-
lar medication: dyslipidemia and hypertension. We define groups using the Japanese
Pharmaceutical Efficacy Classification Code, which classifies products by pharmacologic
action and therapeutic effect and is analogous to the U.S. NDC9 code. The system is
hierarchical: the first digit denotes broad therapeutic areas, and three-digit codes index
specific subclasses. We use the three-digit codes 214 for antihypertensives and 218 for

dyslipidemia drugs.
Within each therapeutic class, we group products using the first nine characters of the

YJ code, which identify the active ingredient, dosage form, and strength, and define this
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unit as a drug group j. If a patient switches medications due to a drug shortage, the first
choice of substitution is typically within the same drug group®.

The treatment indicator D;; is constructed based on patients’ pre-suspension dis-
pensing patterns. We first identify patients who frequently used generic drugs in each
therapeutic class before the NP suspension and then classify them according to the man-
ufacturer of the generic drugs they predominantly received. The treatment group com-
prises patients whose pre-suspension dispensations from NP account for at least 80% of
their generic drug use within the same drug group. The control group comprises patients
whose generic drug use consists of at least 80% from non-NP manufacturers. Thus, we
compare patients receiving drugs from the supply-suspended manufacturer with patients
receiving generic drugs from non-suspended manufacturers within the same drug group.
Identification rests on a parallel-trends assumption: absent the NP suspension, outcomes
for both groups would have followed similar trajectories.

We analyze four outcomes that capture two dimensions of the effects of the supply
disruption: patient costs and the types of drugs dispensed. To measure patient costs,
we first use the log of out-of-pocket spending per prescription. Out-of-pocket spending
equals 30% of total drug spending for the prescription, reflecting the cost-sharing rate for
the population in our analysis. We next use the log of the regulated drug price per dose
to distinguish changes in spending arising from the price of the dispensed product from
those arising from the quantity dispensed. To characterize product substitution, we use
two indicator variables: one for whether the dispensed product is a brand-name drug,

and one for whether it is a high-priced generic. We define the highest-priced generic as a

8The YJ code is a 12-digit standardized alphanumeric identifier used in Japan to classify and track in-
dividual pharmaceutical products uniquely. It encodes information about a drug’s formulation, dosage
form, manufacturer, and other distinguishing attributes, thereby facilitating regulatory oversight, data
management, and product differentiation in the pharmaceutical market. For example, the first nine
characters of the YJ code for Losartan Potassium Tablets 25 mg, one of the antihypertensive drugs, are
“2149039F1. For distinct products in the same drug group, such as “NP” and “Sando,” the complete
codes are “2149039F1201” and “2149039F1287,” respectively. Our drug group is defined based on the
first nine digits of the YJ code.
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generic product in the highest regulated price within the same drug group for each period.

4 Data

We use dispensing-claims data from the Rezult database provided by Japan System Tech-
niques Co., Ltd. (JAST)?. The dataset spans June 2020-September 2024, covers roughly

9 million beneficiaries, and contains over 500 million claims'’.

Our analysis focuses on
drugs used to treat hypertension and dyslipidemia, as defined above.

Each claim records a drug dispensed to one patient at a pharmacy'!. We use the drug-
group—patient—-month—pharmacy level variation and estimate the event-study specification
in equation (1). We timestamp the NP shock by its exact suspension date, which is feasible
because dispensing dates are observed. Since the analytic data are monthly, we reassign
the few pre-shock days within the shock month to the preceding month'2.

We construct the estimation sample in several steps. First, within hypertension and
dyslipidemia, we restrict attention to drug groups in which NP supplied at least one
product during the sample period. Second, we focus on patients who were regular generic-
drug users before the suspension and classify exposure at the patient—drug-group level:
patients are assigned to the NP-exposed group if NP products accounted for at least 80%
of their pre-suspension generic use within the same drug group, and to the comparison
group if their generic use was concentrated among non-NP manufacturers. Finally, we
exclude drug groups whose product choice sets or pricing environments changed for reasons

unrelated to the NP suspension'?.

9The database covers beneficiaries of Health Insurance Societies and Mutual Aid Associations, which
primarily insure employees of relatively large firms and their dependents. Consequently, the study pop-
ulation is younger, more working-age, and higher income than the national average.

10We constructed the dataset after the state of emergency due to COVID-19 in April and May 2020.

1 All personally identifiable information is anonymized; unique IDs are assigned.

12The misconduct was publicly reported on March 3, 2021. We assign March 1-3 to February and treat
the remainder of March as the first post-suspension period.

BThese exclusions remove drug groups with generic entry during the analysis period due to patent expira-
tion, drug groups used only by one of the exposure groups or with too few exposed patients, drug groups

13



Figure 1: Prescription Counts for NP and Non-NP Products

(a) Dyslipidemia (b) Hypertension
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Notes: The figure reports the log number of prescriptions for NP and non-NP products. The data are
obtained from the Rezult database and cover June 2020 through September 2024. NP products are those
manufactured by Nichi-Tko Pharmaceutical, and non-NP products are those manufactured by other firms.

4.1 Data Description

Figure 1 plots time paths of prescription counts in our sample by product category,
contrasting NP products subject to supply suspension with non-NP products includ-
ing branded drugs. Category panels are dyslipidemia (1a) and hypertension (1b). The
patterns are consistent across categories: the number of prescriptions (in logs) for NP
drugs (“Stopped”) declines sharply beginning in March 2021, with no comparable drop
for products from other manufacturers (“Supplied”). The timing coincides with public
disclosure of the misconduct and the subsequent production-suspension order. Following
NP’s temporary production-suspension order, prescriptions for NP products remained at
substantially reduced levels and did not recover their pre-suspension share.

The declining trend in prescription counts for both the “Stopped” and “Supplied”
series reflects our sample restriction to patients who were prescribed these drugs before

the suspension. As patients gradually exit the insurance claims database, the number of

with no brand-name dispensing over the relevant period, drug groups affected by changes in indications or
dosage rules, and drug groups exhibiting abrupt price or cost discontinuities unrelated to the suspension.
See details in Appendix Table A4
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observed beneficiaries declines, mechanically reducing prescription counts.

Panel A in Table 1 shows statistics at the drug level. It shows a sharp fall in average
brand prices—47% for dyslipidemia (from 63.1 to 33.3 JPY) and 24% for hypertension
(from 79.1 to 59.8 JPY). These falls are mainly driven by regulated price revisions during
the sample period. Generic prices declined modestly, 21% and 20%, respectively. In
addition, before the shock, brand prices were, on average, 2.8 times higher in dyslipidemia
and 2.9 times higher in hypertension. Supply expanded at the same time: the count
of unique generics rose by about 6% for dyslipidemia and 4% for hypertension, with
hypertension having a larger portfolio. While the number of unique drug groups remains
constant, product density per group rises, with dyslipidemia showing a larger increase,
from 16.7 to 17.8 items.

Panel B shows summary statistics of our study sample at the patient level. The average
patients are male and in the late fifties, and the sample consists mostly of generic-drug
users: the generic share exceeds 99% before the suspension in both therapeutic classes.
After the shock, the generic share declines slightly, from 0.999 to 0.986 for dyslipidemia
and from 0.999 to 0.987 for hypertension. In contrast, average out-of-pocket spending
declines in both classes, from 314.7 to 250.6 JPY for dyslipidemia and from 339.4 to 290.4
JPY for hypertension, which may reflect changes in regulated drug prices. Our event-study
estimates identify differential changes in drug choices and costs between patients exposed
to NP products and comparable patients using non-NP generics. The number of observed
patients declines in each class over the later period, consistent with the prescription-count
patterns shown in Figure 1.

Appendix Table A3 shows the descriptive statistics at the pharmacy level. The estima-
tion sample contains an average of 22,469 pharmacies per month, which is about 36% of
the 62,828 operating nationwide in 2023 (Ministry of Health, Labour and Welfare, 2024).
Across months, an average of 17.6% of pharmacies are in the no-add-on category, whereas

25.2% are in the highest add-on tier. The relatively large month-to-month variation in
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Table 1: Descriptive statistics

Dyslipidemia Hypertension
Before After Before After
Panel A: Drug characteristics
Brand price 63.1 33.3 79.1 59.8
(30.0) (20.2) (42.1) (30.8)
[17.5, 165.8]  [11.2, 146.6] 9.2, 164.6] [5.7, 163.9]
Generic price 22.2 17.6 27.1 21.8
(9.46) (7.28) (13.7) (10.6)
7.6, 69.2] 7.6, 69.2] [5.7, 88.7] [5.7, 87.1]
Unique generic products 235 250 791 823
Unique drug groups 15 15 69 69
Products per drug group 16.7 17.8 12.2 12.9
(7.91) (8.50) (8.66) (8.57)
[6, 28] [7, 30] [1, 30] 2, 30]
Panel B: Patient characteristics
Age 56.183 57.328 56.312 57.342
(8.394) (7.900) (8.338) (7.821)
Female ratio 0.407 0.395 0.318 0.308
(0.491) (0.489) (0.466) (0.462)
Generic share 0.999 0.986 0.999 0.987
(0.028) (0.119) (0.036) (0.114)
Out-of-pocket 314.650 250.618 339.409 290.444
(235.840)  (201.528)  (251.677) (230.391)
Unique patients 66,401 57,072 96,777 83,409

Notes: The data are obtained from prescription claims for two therapeutic classes after the sample
selection. We exclude drug groups in which NP did not supply any products during the sample period,
which runs from June 2020 to September 2024. Before indicates the period before the NP suspension,
and After indicates the period on or after the suspension. Panel A reports drug-price and product-
count statistics. Price statistics are calculated across prescriptions. Drug prices are measured in JPY
per dose. Unique generic products and drug groups are distinct counts, while products per drug group
summarizes the number of distinct products across drug groups. Panel B reports prescription-level patient
characteristics and the number of distinct patients. Female ratio and generic share are proportions,
and out-of-pocket payments are measured in JPY per prescription. Means are reported with standard
deviations in parentheses, and square brackets report the minimum and maximum.
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the highest tier indicates that the share of pharmacies qualifying for this tier changes
substantially over time. Chain pharmacies account for an average of 32.5% of pharmacies

in the sample.

5 Results

5.1 The Effect on Patients’ Costs

Figure 2 reports the event-study estimates of the effect of the NP shock on patients’
out-of-pocket spending and dispensed drug price.

In panel (a), the estimates show an increase in out-of-pocket spending in both thera-
peutic classes, which remains elevated throughout the analysis period. For dyslipidemia,
the effect is approximately 3.2% immediately after the suspension and 11.9% after one
year, followed by a decline to 8.4% by the end of the observation period. For hyperten-
sion, it increases from 3.9% immediately after the suspension to 20.2% after one year and
remains stable thereafter. These results indicate that the supply shock increased patients’
out-of-pocket spending, and that this increase persisted for more than three years'

To understand how the increase in out-of-pocket spending occurs, panel (b) reports
the estimates for the per-dose price of the dispensed drug. The pattern is qualitatively
consistent with the patient’s costs, showing that the NP shock increased the average price
of the drugs dispensed in both therapeutic classes. For dyslipidemia, prices increase by
approximately 1.4% immediately after the suspension and 5.6% after one year, followed
by a decline to 4.1% by the end of the observation period. For hypertension, the cor-
responding estimates are 3.8% and 21.6%, and remain stable thereafter. These results
indicate that the increase in patients’ out-of-pocket spending is driven by substitution

toward higher-priced drugs.

14The delayed onset of the increase likely reflects existing stocks held by pharmacies and wholesalers.
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Figure 2: The effect on patients’ costs

Panel (a): patient’s copayment
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Notes: The figure reports event-study estimates and 95% confidence intervals. In Panel (a), the outcome
is the log of patient out-of-pocket spending per prescription. In Panel (b), the outcome is the log of the
regulated drug price per dose. All specifications include patient-by-drug-group fixed effects, month-by-
drug-group fixed effects, and fiscal-year-by-pharmacy fixed effects. Standard errors are two-way clustered
at the patient and pharmacy levels. The vertical dashed line indicates the NP production suspension,
and the omitted event month is one month before the suspension.
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Appendix Figures A6 and A7 show that these results are robust to alternative defini-
tions of treatment exposure, in which we change the pre-suspension generic-use threshold
from 0.8 to either 0.7 or 0.9. Finally, one may be concerned that patients responded to the
shock by switching pharmacies in search of available drugs, so that the estimates would
partly reflect changes in where patients fill prescriptions rather than in what pharmacies
dispense. Appendix Figure A1l shows little evidence of such switching in the short term:
exposed patients are, if anything, less likely to visit a pharmacy they had not used before

the suspension.

5.2 Drug Substitution

In Section 5.1, we found that patients’ costs increased, and this increase was driven by
a switch to higher-priced drugs. Mechanically, the replacement by a higher-priced drug
could occur through a switch toward either a higher-priced generic or a brand product.
Next, we decompose the increase in patients’ costs. Note that the increased costs them-
selves do not represent a total welfare loss for patients, as some patients are willing to pay
extra to receive an alternative generic (or brand) drug. To understand how we should in-
terpret the increase in patients’ costs, we provide a simple illustration of the drug market
structure and the welfare loss from the increased costs in Appendix A.1.

Figure 3 reports the event-study estimates of the effect of the supply shock on the
probability of brand dispensing (Panel (a)) and the probability of highest-priced generic
dispensing in a particular drug group (Panel (b)), using Equation (1). The two panels
reveal two important points. First, the increase in patients’ costs occurs through two dif-
ferent channels: one through a switch toward a brand drug, and the other through a switch
toward a more expensive generic drug. The magnitude of the increase in highest-priced
generic dispensing is far greater than the corresponding increase in brand dispensing, indi-

cating that the switch itself was substantial along this second margin. Appendix Figure A3
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Figure 3: The effect on drug substitution

Panel (a): brand share
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Notes: The figure reports event-study estimates and 95% confidence intervals. In Panel (a), the outcome
is an indicator equal to one if the dispensed product is a brand-name drug. In Panel (b), the outcome
is an indicator equal to one if the dispensed product is the highest-priced generic within its drug group
and period. All specifications include patient-by-drug-group fixed effects, month-by-drug-group fixed
effects, and fiscal-year-by-pharmacy fixed effects. Standard errors are two-way clustered at the patient
and pharmacy levels. The vertical dashed line indicates the NP production suspension, and the omitted
event month is one month before the suspension.
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presents the pre-suspension distributions of regulated prices for NP and non-NP generic
products. For dyslipidemia, the pre-suspension price distribution provides little evidence
that the disappearance of lower-priced NP products mechanically drives the increase in
highest-priced generic dispensing. For hypertension, however, NP generics were lower-
priced and less likely to be in the highest-priced category before the suspension, implying
that part of the post-suspension increase is mechanical. As shown in Appendix Table
A1, the remaining response is nevertheless comparable in magnitude to the dyslipidemia
response, supporting the interpretation that the suspension also induced substitution to-
ward higher-priced generics. Second, the two panels display different post-suspension
trajectories: the increase in brand-name dispensing is temporary, whereas the increase
in highest-priced generic dispensing remains persistent. For brand-name dispensing, the
estimates show a temporary rise that peaks 10 to 11 months after the supply shock. For
dyslipidemia, the effect is about 0.1 percentage points immediately after the suspension,
rises to 3.3 percentage points after one year, and then falls to 1.0 percentage point by
the end of the observation period. For hypertension, the corresponding estimates are 0.2
and 1.4 percentage points, declining to 0.6 percentage points by the end of the period.For
the probability of switching to the highest-price-category generic, by contrast, the effect
appears immediately after the shock and persists, showing no reversion to the baseline.
For dyslipidemia, it is about 4.7 percentage points immediately after the suspension and
13.1 percentage points after one year, remaining stable thereafter. For hypertension, the
corresponding estimates are 5.5 and 28.1 percentage points, likewise stable thereafter.
The greater probability of switching to the highest-priced generic does not necessarily
imply a larger cost burden, because the price gap between generics and brand-name drugs
is larger than the price gap within generics. To quantify the relative importance of the
two channels, Figure 4 reports a back-of-the-envelope calculation that combines the event-
study estimates with observed out-of-pocket price gaps. For each event month and drug

group, we compute the out-of-pocket gap relative to the lowest-priced generic, separately
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Figure 4: Effect on Cumulative Patient Costs
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Notes: This figure reports the cumulative contribution of substitution to branded drugs and to the
highest-priced generic drugs to the increase in patients’ out-of-pocket spending. For each event month
and drug group, we calculate the average out-of-pocket price gap relative to the lowest-priced generic
using prescription quantities as weights. The cumulative burden is obtained by multiplying these price
gaps by the cumulative event-study estimates of branded and highest-priced generic dispensing shown in
Figure 3.

for branded drugs and high-priced generics, average these gaps using prescription quantity
as weights, and multiply them by the estimated increases in brand dispensing and high-
priced generic dispensing in Figure 3. The results show that, despite the smaller within-
generic price gap, the larger increase in high-priced generic dispensing makes within-
generic substitution account for a larger share of the implied increase in patients’ costs
than the switch to branded drugs. Appendix A10 reports the corresponding month-specific

contributions rather than their cumulative sums.

6 Pharmacy’s Decision

The empirical results raise two questions. First, why do some patients receive brand-name

products while others remain on generics? Second, why does brand-name substitution
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decline over time, whereas substitution toward high-priced generics remains persistent?
To answer these questions, we consider a simple model of pharmacy dispensing incentives.
Pharmacies earn per-prescription profits and, if eligible, add-on payments tied to generic
dispensing. When the original generic becomes unavailable, a pharmacy chooses in each
period whether to dispense the brand-name product or procure an alternative generic at
a procurement cost. The add-on payment shifts this choice toward generics but does not
affect the choice among generics once a generic is already dispensed. This distinction
allows the model to explain the cross-sectional choice between brand-name products and
generics, while the structure of procurement costs explains the different time patterns

between brand-name substitution and high-priced generic substitution®®.

6.1 Model

Consider pharmacies indexed by & = 1,...,n that maximize profits. For a given thera-
peutic class, we assume each pharmacy faces a stable demand (), > 0, given maintenance
therapy for chronic disease. At any point in time, pharmacy k stocks one generic product
and one brand-name product. Let s, € {0, 1} indicate eligibility for the add-on payment
tied to dispensing generics, with s, = 1 if pharmacy k is eligible and s, = 0 otherwise.
The type si is treated as predetermined at the shock period. Before the supply shock,
both the brand-name (b) and generic (g) are available. Because patients face lower costs
for generics, they prefer g. Thus, in the pre-shock period, patients demand ¢, and phar-
macies of both types dispense g. As Figure A11 shows, we assume that patient—pharmacy
matches are fixed.

Once the supply is disturbed, it disrupts the original generic g. In each period

t € {1,...,T} after the shock, pharmacy k has two options. First, replace g with an

5 Technically, a switch toward brand-name products could occur mechanically when no alternative generics
are available. However, this channel is uncommon in both therapeutic classes.
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alternative generic ¢, incurring a procurement cost Cy; > 0 in that period'®. Alterna-
tively, switch to the brand-name b at zero additional cost, since the brand alternative is
already stocked. Pharmacies’ profits have two components: per-prescription margins and,
when applicable, add-on payments. Let 7, and 7, denote £’s margins for dispensing
a generic and a brand, respectively!'”. If pharmacy k qualifies for the add-on payment, it
receives an additional amount Ag per prescription. If pharmacy k dispenses the brand-
name product, it maintains eligibility for the add-on payment with probability py € [0, 1).
For s; € {0,1}, the pharmacy’s decision in each period ¢ € {1,...,T} after the supply

shock is therefore

maX{Qk (kg + skAs) — Crpy Qr (Thp + Skprx Ag) }

Suppose pharmacy k is eligible for the add-on payment; then s, = 1. If it procures
the alternative generic ¢, it earns the generic margin and preserves the add-on payment.
Therefore, its payoft is Q (7 o +Ag) — Ci. If it switches to the brand-name product b, it
earns the brand margin but may lose eligibility for the add-on payment with continuation
probability pg. Its expected payoff is Qx (7 » + prAs). Thus, eligible pharmacies compare
the brand margin advantage with the procurement cost of the alternative generic and the
expected loss of add-on payments.

In contrast, when s, = 0, pharmacy k is not eligible for the add-on payment. If it
procures ¢', its payoff is Qg — Cre. If it switches to b, its payoff is Qpmyp. Thus,
ineligible pharmacies choose between the alternative generic and the brand-name product

solely by comparing product margins and the procurement cost of the alternative generic.

16The procurement cost accrues in each period in which the pharmacy dispenses the alternative generic:
securing supply during a shortage requires ongoing search, negotiation, and order adjustment with whole-
salers, rather than a one-time switching cost. We assume that each pharmacy cannot predict Cj ; and
solves the problem period by period, without dynamically optimizing its inventory.

1"The dispensing profit for generic g at pharmacy k is 7, = =Py ng > 0, where P is the regulated
retail price set by the official fee schedule and By, s the wholesale price at which pharmacy k acquires
the drug. Similarly, m, = Py’ — P, > 0 denotes the dispensing profit from the brand-name product.
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6.1.1 Brand versus Generic Choice

Given the payoff maximization problem above, pharmacy k chooses the alternative generic

¢’ rather than the brand-name product b if and only if

(Thg = Thp) 4 su(1 — pr)As 2 g, (2)

where ¢ = Ck+/Qp is the per-prescription procurement cost.

Equation (2) characterizes the brand-versus-generic choice in each period after the
shortage. The generic-dispensing add-on raises the cutoff for choosing the generic because
sk(1 — pr)Ag is positive only for add-on pharmacies. Conditional on the same product
payoffs and procurement costs, add-on pharmacies are therefore more likely to procure
an alternative generic rather than switch to the brand-name product.

We confirm this implication by estimating whether add-on pharmacies are more likely

to continue dispensing generics after the supply shock:

Yiikt = BD;j x Post,+ Posty x AddOny, + dD;; x Posty x AddOny + pij + M+ €ijie, (3)

where AddOn;, equals one if pharmacy k received the generic-dispensing add-on before
the suspension. When Y, is an indicator equal to one if the dispensed drug is generic,
equation (2) predicts § > 0.

Table 2 reports the estimates. The results are consistent with the model prediction for
hypertension: add-on pharmacies are more likely to continue dispensing generics after the
supply shock. Although it does not reflect the causal relationship, this evidence supports
the model’s implication for the brand-versus-generic choice. Therefore, the add-on status

is related to whether brand or generic is dispensed at each pharmacy.

25



Table 2: Difference in the impact on generic dispensing by pharmacy type

Dyslipidemia Hypertension

(1) (2) (3) (4)

0.003 -0.001 0.008 0.031
o Add-on (0.002)  (0.002)  (0.002)  (0.015)
Individual FE X X X X
Month FE X X X X
Pharmacy FE X X X X
Drug-group FE X X X X
FY x Pharmacy FE X X X X
Month x Drug-group FE X X
Observations 1,379,993 1,379,993 2,092,062 2,092,062
N patients 64,590 64,590 93,400 93,400

Notes: The table reports the coefficient on the interaction between the treatment indicator, the post-
suspension indicator, and a dummy variable indicating whether the pharmacy received the generic-
dispensing add-on before the suspension. The outcome variable is a binary variable equal to one if
the dispensed drug is generic and zero otherwise. Odd-numbered columns control for individual and
month fixed effects. Even-numbered columns additionally include pharmacy fixed effects and their inter-
action with fiscal-year dummies.

6.2 Within-Generic Incentives

The preceding subsection explains why add-on pharmacies are more likely to remain with
generics rather than to return to the original brand drugs. Thus, we now turn to the
second empirical pattern in Figure 3; brand-name substitution is temporary, whereas

substitution toward high-priced generics is persistent.

6.2.1 The Role of the Generic-Dispensing Add-on

Suppose that, after adopting a high-priced generic g, pharmacy k can switch to a lower-
priced generic g~ € Q,ﬁt, where g,ﬁt denotes the set of lower-priced generics available to
pharmacy k in period t. For simplicity, we assume two price categories. Let cﬁt and cit
denote the per-prescription procurement costs of dispensing high-priced and lower-priced

generics, respectively, measured relative to dispensing the brand-name product. Define
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the procurement-cost differential as Acyy = cf, — ¢, This differential may take either
sign!®.

Continuing to dispense g yields the per-prescription payoff Thg + 5 Ag — cﬁt, while
switching to a lower-priced generic g” yields Tt + kA5 — cﬁt. Pharmacy k receives
spAg in both cases, so the add-on cancels out. The level of generic procurement costs

H

also does not matter for the within-generic comparison; only the cost differential ¢f , — ¢/,

matters. Switching from g to the best available lower-priced generic, therefore, requires

max {ﬂ'kgL — WkgH} > Acy ;.
L L b 9, 9
S

Therefore, the add-on does not affect the choice among generics. A similar logic
applies to procurement costs: their level affects the brand-versus-generic condition in
equation (2), but only the differential Acy; affects the choice among generics. Suppose
that the procurement-cost levels ¢;, and ¢y, decline over time as the supply of alternative
generics recovers. As the procurement cost of the adopted generic falls below the cutoff
in equation (2), pharmacies that switched to the brand-name product return to a generic.
This recovery, however, does not induce a return from g to a lower-priced generic, which
occurs only if the margin gain from lower-priced generics exceeds the cost differential
Acy;. The persistence of high-priced generic substitution in Figure 3 is consistent with
the pattern if this condition fails for most pharmacies!®. Thus, these financial incentives
explains why brand-name substitution is temporary whereas substitution toward high-
priced generics is persistent.

This is the limitation of the existing add-on. It encourages pharmacies to stay within

8For expositional simplicity, the model groups generics into high-priced and lower-priced products. Ex-
tending the choice set to three price categories does not change the result. The differential Acy, ; excludes
differences in wholesale acquisition prices across categories because those differences are already incorpo-
rated into the dispensing profits 7y, .

9The condition can fail because lower-priced generics generate smaller per-prescription payoffs (Th, gz —
Tgu < 0), or because the cost differential Acy ¢ is positive, or both. Either channel implies that the
recovery of the common procurement cost leaves the within-generic choice unchanged.
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generics, but it does not encourage them to choose lower-priced generics once a generic
is already dispensed. A policy that rewards generic dispensing can therefore maintain

generic use while still failing to prevent shortage-induced increases in patient costs.

6.2.2 Within-Generic Pay-for-Performance Incentives

In this subsection, we consider a hypothetical policy to promote substitution to lower-
priced generics. Specifically, we consider a pay-for-performance incentive 7 paid per
prescription when pharmacy k dispenses a lower-priced generic g© € Q,ﬁt. With this

incentive, switching from ¢” occurs if

max {’ﬂ'kgL —ﬂ'k,gH} + 7 > Acky.
L L b2 9, 2
9G4

The minimum incentive required to induce switching is therefore

Tpy = Max {Acm — max {ﬂ'k,gL — 7Tk7gH} ,O} .

gLegit

The required incentive compensates for the procurement-cost differential of lower-priced
generics, net of the margin difference between the two price categories. In contrast to the
existing add-on, which operates only on the brand-versus-generic margin in equation (2),
the incentive 7 operates directly on the within-generic margin.

We implement this calculation using product- and period-specific implied dispensing
profits estimated from the April 2022, April 2023, and April 2024 price revisions. For
each policy-relevant high-priced generic prescription, we calculate the incentive required
to match its implied profit using the most profitable product among the lowest-priced
alternatives in the same drug group and month. We report both the average across
observed post-period prescriptions and a targeted estimate for prescriptions induced by

the shortage, obtained as the ratio of the corresponding DID estimates. Appendix C
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provides the details.

Table 3: Within-Generic Pay-for-Performance Incentives

Dyslipidemia Hypertension All

Average Targeted Average Targeted Average Targeted
Incentive 7 24 28 101 75 7 60
Patient
Gross drug-cost saving 60 130 180 256 142 215
Patient contribution to incentive 7 8 30 23 23 18
Net patient saving 93 121 150 234 119 197
Insurer
Gross drug-cost saving 144 306 431 608 338 208
Insurer contribution to incentive 17 20 71 53 54 42
Net fiscal saving 127 286 360 555 285 466
Medical Spending
Gross drug-spending reduction 205 436 611 864 480 722
Net medical-spending reduction 180 407 510 789 404 663
Incentive-to-gross-saving ratio 11.8% 6.4% 16.6% 8.7% 15.9% 8.2%
Break-even Ac 180 407 510 789 404 663

Notes: This table shows the estimated incentives 7 and its cost-effectiveness for both therapeutic classes.
Monetary values are JPY per prescription. Incentive 7 is treated as an insured dispensing fee. Patients pay
30% of the incentive and insurers pay the remainder. Net patient saving and net fiscal saving deduct the
respective incentive contributions from gross drug-cost savings. Net medical-spending reduction equals
the reduction in drug spending less the incentive payment. Break-even Ac is the additional procurement-
cost differential that reduces net medical-spending savings to zero.

Table 3 reports the results. The Average column evaluates the incentive over all
observed policy-relevant high-priced generic prescriptions in the post period, while the
Targeted column evaluates it over the prescriptions induced by the shortage, using the
ratio of DID estimates. Comparing the two columns isolates how shortage-induced sub-
stitution differs from the average policy-relevant prescription along two dimensions: the
required incentive (7) and the gross drug-spending reduction (S7).

For dyslipidemia, the required incentive is modestly higher for shortage-induced pre-
scriptions than for the average prescription (28 JPY versus 24 JPY), while the gross drug-
spending reduction more than doubles (436 JPY versus 205 JPY). For hypertension, the

required incentive is instead lower for shortage-induced prescriptions (75 JPY versus 101
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JPY), while the gross drug-spending reduction again rises substantially (864 JPY versus
611 JPY). In both therapeutic classes, therefore, the gross saving from shortage-induced
substitution grows by more than the required incentive, so the incentive-to-gross-saving
ratio falls in both cases—from 11.8 to 6.4 percent for dyslipidemia and from 16.6 to 8.7
percent for hypertension—even though 7 itself moves in opposite directions across the
two classes. This opposite movement reflects the composition of shortage-induced sub-
stitution across products with different pharmacy profit differentials. The decomposition
in Appendix Table A2 shows that, relative to the average policy-relevant prescription,
shortage-induced substitution in dyslipidemia is concentrated in products with a larger
raw pharmacy profit differential (), ,# —m or), whereas in hypertension it is concentrated
in products with a smaller one. Because the required incentive is the positive part of this
differential rather than the differential itself, it need not track the raw differential one-
for-one?”. In both classes, however, the gross drug-spending reduction rises by more than
the required incentive, so the ratio falls regardless of the direction in which 7 moves.
Pooling the two therapeutic classes, the average required incentive is 77 JPY, falling
to 60 JPY in the targeted calculation, while the gross drug-spending reduction rises from
480 JPY to 722 JPY. The incentive-to-gross-saving ratio therefore falls from 15.9 to 8.2
percent. After accounting for the patient and insurer contributions to the incentive, net
savings in the targeted calculation are 197 JPY for patients, 466 JPY for insurers, and 663
JPY in total medical spending—each roughly 60 percent larger than the corresponding
Average figures. Finally, adding the break-even Ac to the required incentive at Ac =
0 gives the maximum total incentive that can be paid without increasing net medical
spending; this upper bound equals the gross drug-spending reduction and is substantially

larger, in both the Average and Targeted calculations, than the incentive itself.

20Tn dyslipidemia, the shortage-induced prescriptions lie almost entirely on the incentive-requiring side, so
the truncation that inflates the required incentive above the raw differential for the average prescription
largely disappears; the required incentive therefore rises far less than the raw differential even as that
differential widens.
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7 The Effect on Patients’ Discontinuation and Ad-
herence

Supply disruptions may affect both whether patients continue treatment and how consis-
tently they obtain medication. We therefore estimate patient-level regressions separately
by outcome, therapeutic class, and post-suspension period. We consider two patient-level
channels: patients may discontinue medication following the supply shock, or they may

reduce adherence while continuing treatment. Specifically, for each patient i, we estimate

Y, =a+ BD; + Xy + &, (4)

where D; indicates whether patient ¢ used NP products before the suspension within the
corresponding therapeutic class, X; includes the patient’s pre-suspension age and sex, and
g; is an error term. The dependent variable Y; is one of two outcomes: discontinuation
and adherence. Standard errors are clustered at the level of the pre-suspension pharmacy,
defined as the pharmacy most frequently used by the patient before the suspension.

To measure discontinuation and adherence, we consider four post-suspension periods:
three months, six months, one year, and the full observation period. Discontinuation
measures whether patients use medication at all after the shock. A patient is classified
as discontinuing medication if no dispensing claim is observed in the sample during the
corresponding post-suspension period. Adherence measures how consistently patients
use medication among those who continue to receive at least one dispensing after the
shock. For each patient, we compute the share of months with any dispensing claim
before the suspension and the corresponding share during the post-suspension period.
The adherence outcome is defined as the change in this dispensing rate from before to
after the suspension. Thus, discontinuation and adherence capture the extensive and

intensive margins of medication access due to the suspension shock, respectively.
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Figure 5: The Effect on Treatment Continuity

Panel (a): treatment discontinuation
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Notes: Panel (a) reports estimates of the effect of the NP shock on treatment discontinuation, and
Panel (b) reports estimates of the effect on changes in medication adherence. Each point represents the
estimated coefficient for a given post-suspension period and therapeutic class. Horizontal bars report
95% confidence intervals based on standard errors clustered at the pre-suspension pharmacy level.
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Figure 5 reports the estimated effects of the supply shock on discontinuation and
adherence. The results in Panel (a) for discontinuation differ across the two therapeutic
classes. The estimates show a clear increase in discontinuation for dyslipidemia. The effect
appears within the first three months after the suspension and remains positive through
the full observation period, with the long-run effect around two percentage points. In
contrast, the estimates for hypertension are small and close to zero across periods.

Panel (b) reports the estimated effects on adherence. The estimates tend to be negative
for both therapeutic classes over a longer period, indicating that patients exposed to the
NP shock experienced larger declines in dispensing frequency than those who were not.
For hypertension, the decline becomes visible by one year and persists through the full
observation period. Overall, these findings suggest that the NP shock affected not only

the extensive margin but also the intensive margin of medication access.

8 Conclusions

Supply disruptions are a pervasive feature of modern economies, and how their costs
are allocated depends critically on whether prices can adjust. In flexible-price markets,
scarcity is largely resolved through rising prices; in regulated markets, such as housing,
agricultural goods, health care, prices cannot clear shortages, and the disruption must
instead be absorbed through non-price mechanisms that determine who ultimately bears
its cost. These non-price costs are especially hard to quantify when regulated pricing is
compounded by delegated product choice: when a single regulated price covers a category
of close but differently priced substitutes, and the party selecting among them is not
the end consumer but an intermediary acting on the consumer’s behalf—a pharmacist,
physician, or contractor. Under these conditions, a supply disruption need not appear
as a price increase; it can surface as a shift in which product is provided, with cost

consequences that depend on the intermediary’s choice rather than the consumer’s. This
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paper quantifies these consequences in the Japanese generic pharmaceutical market, where
prices are set by regulation, pharmacists mediate between prescriptions and dispensed
products, and a large, government-ordered production suspension provides an exogenous
shock with which to identify the effects of shortages on patients.

Our results show that patients’ out-of-pocket spending per prescription increased by up
to 21% following the shortage, even though the shortage itself did not generate market-
clearing price increases. This finding illustrates how the two features of this market
translate a supply disruption into a cost increase: because clinically equivalent products
are sold at multiple regulated prices, and because pharmacists rather than patients select
among them, a shortage can raise costs simply by shifting which product is dispensed.
We show that this shift operates through two distinct channels: patients were more likely
to be switched from generics to brand drugs, and, perhaps more surprisingly, patients
remaining on generics were more likely to be switched to a higher-priced generic version
of the same drug. This latter channel, a shift within the generic segment itself, has received
little attention in the prior literature, and we find that it accounts for a larger share of
the overall cost increase than the switch to brand drugs because far more prescriptions
move toward higher-priced generics and because that shift persists, consistent with the
generic-dispensing add-on dropping out of the choice among generics.

What determines a pharmacy’s choice between these two paths—switching patients
to a higher-priced generic or to a brand drug? Our findings suggest that it depends on fi-
nancial incentives pharmacies receive for dispensing generics. The likelihood of switching
to brand-name drugs was smaller among patients obtaining medications from pharmacies
with stronger generic-dispensing incentives than among those without, consistent with
the program’s incentive to remain within the generic segment. We rationalize this hetero-
geneous response to shortages using a simple economic model of pharmacy profits that
emphasizes the procurement costs pharmacies incur when sourcing alternative products

during shortages. Given the rise in patient costs, we further analyze whether shortages af-
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fect medication discontinuation and adherence, given the rise in patient costs. Our results
indicate that patients were more likely to discontinue treatment and less likely to adhere
to their medication following shortages, with the magnitude and statistical significance of
these effects varying across therapeutic classes and post-suspension horizons, suggesting
that the increase in out-of-pocket spending captures only part of the true welfare cost
of drug shortages. Such disruptions in treatment may have serious health consequences
even when they are relatively short-lived. Chandra et al. (2024) show that temporary
medication interruptions can substantially increase mortality, particularly when patients
discontinue high-value drugs, and that patients may not fully recognize these risks. This
lack of awareness makes disruptions induced by drug shortages particularly concerning,
as patients may underestimate the health consequences of even temporary interruptions
in treatment.

Taken together, these results carry two distinct policy implications. First, the finding
that pharmacies without financial incentives are more likely to substitute brand-name
drugs for generics underscores the importance of incentive schemes such as the generic-
dispensing add-on payment: absent such incentives, shortages can undo part of the cost
savings that generic-substitution policies are designed to achieve. Second, because the
shift toward higher-priced generics contributes more to the rise in patient costs than the
shift toward brand-name drugs, current schemes, effective at keeping patients within the
generic market, are not designed to encourage substitution toward the least expensive
generic alternative. Closing this gap may require a more finely targeted incentive that
rewards pharmacies not merely for dispensing generics in general, but specifically for dis-
pensing lower-priced ones. Our back-of-the-envelope calculations suggest such an incentive
would more than pay for itself: an add-on of approximately JPY 60 per shortage-induced
high-priced-generic prescription would reduce patient out-of-pocket spending by JPY 197
and total medical spending by JPY 663, net of the incentive cost.

More broadly, our findings suggest that in markets where fixed pricing creates room for
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horizontal substitution and intermediaries mediate product choice, incentive design must
account not only for whether the intermediary steers consumers toward a broad product
category, such as “a generic,” but also for which specific product within that category
is ultimately chosen. Failing to address this margin may leave a substantial share of
the welfare cost of supply disruptions unaddressed, even under otherwise well-designed

incentive schemes.
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A Supply Disruptions and Patient Cost Burden

A.1 Simple Graphical Framework

In this section, we present a simple graphical framework to illustrate how supply dis-
ruptions are transmitted to patients under different institutional environments. Supply
disruptions can affect patients through multiple channels. In standard competitive mar-
kets, shortages are typically resolved through price adjustment. In regulated healthcare
markets, however, prices cannot fully adjust, leaving non-price mechanisms to allocate
scarce supply. In pharmaceutical markets, one important non-price mechanism is sub-
stitution from a drug affected by supply disruptions (hereafter, the affected drug) to a
higher-price alternative drug.

A central feature of this framework is that patients do not directly choose between
the affected drug and the higher-price drug. Instead, pharmacists act as supply-side
intermediaries who make substitution decisions on patients’ behalf. This institutional
structure means that market outcomes are shaped not only by patient preferences but also
by pharmacist incentives, a feature that is reflected throughout the graphical framework.
Figure Al illustrates the basic intuition underlying our framework. The left panel shows
the affected-drug market. The government-ordered production suspensions shifted the
supply of the affected drug leftward from Sy to S;. Because the affected drug’s price is
regulated at P4, the market cannot clear through price increases. Instead, the available
quantity falls from @y to @)’, generating a shortage of magnitude Qo — ’. Patients who
can no longer obtain the affected drug lose consumer surplus, represented by the shaded
triangle.

The right panel shows the higher-price drug market. The upward-sloping curve MC'
is the marginal cost of producing and dispensing the higher-price drug and is unaffected

by the shock. Before the disruption, we assume that this market is at the point E}, where



the demand curve intersects the marginal cost curve exactly at the regulated price Py:
at the baseline quantity )y, marginal willingness to pay equals marginal cost. This is
a deliberate abstraction rather than a description of equilibrium behavior: it takes the
pre-shock allocation in the higher-price drug market to be free of pre-existing distortions,
so that the welfare effects identified below are attributable to the supply disruption alone
21

Facing shortages of the affected drug, pharmacists substitute toward the higher-price
drug, expanding dispensing from @)y to ();. We deliberately represent this expansion
as a quantity determined on the supply side rather than as a shift in patient demand:
substitution decisions are made by pharmacists acting as supply-side intermediaries, not
by patients expressing preferences, and the patient demand curve D remains unchanged
throughout. Because the baseline allocation already exhausts all transactions whose value
exceeds their cost, the entire expansion AQ lies beyond the socially efficient quantity. In
this sense, the increase in higher-price drug dispensing is better understood as a form
of supplier-induced demand, where the supplier, rather than the patient, determines
the quantity transacted. In the standard supplier-induced demand literature, physician
agency is typically modeled as a shift in the demand curve, reflecting physicians’ ability
to alter patient preferences (McGuire, 2000). Our setting differs in an important respect:
patients are generally unaware that substitution has occurred at the point of dispensing,
meaning that patient preferences are not merely manipulated but are effectively bypassed
altogether. Because the quantity dispensed is determined unilaterally by pharmacists
rather than by any demand-side mechanism, representing the quantity as chosen on the
supply side, with the demand curve left intact, is the more appropriate representation of

this institutional reality:.

2lIn particular, with coinsurance, patients face only a fraction of Py out of pocket, so patient self-selection
alone would not place the baseline at E}. The resulting moral-hazard wedge is a pre-existing distortion
common to all insured drug purchases, which we deliberately set aside in order to isolate the effect of the
disruption.



One may ask why the additional quantity is forthcoming at all, given that marginal
cost exceeds the regulated price beyond (Jy. In the short run, the expansion is accommo-
dated through existing inventories and strained production capacity, and manufacturers
operating under shortage conditions face strong institutional pressure — including gov-
ernmental requests to increase supply — to meet dispensing demand even when marginal
units are unprofitable. More importantly for our purposes, the decomposition of the pa-
tient cost burden developed in Section A.2 depends only on the demand curve and the
two regulated prices; it is unaffected by the shape of the marginal cost curve beyond @)y,
whose sole role is to pin down the efficiency benchmark E7.

Because the higher-price drug is priced at Py > Pa, patients who are switched from
the affected drug to the higher-price drug face higher out-of-pocket spending. The increase

in patient spending is represented by the shaded rectangle:

(PH_PA)XAQ7

where AQ denotes the increase in higher-price drug dispensing induced by the shortage.
This rectangle measures the total increase in drug spending, which under Japan’s universal
public health insurance is divided between the public insurer and the patient: with a
coinsurance rate of 30 percent, patients directly bear 0.3 x (Py — P4) x AQ out of
pocket, while the remaining share is absorbed by the public insurance system. The welfare
decomposition developed in Section A.2 applies to the full rectangle and is invariant
to this financing split; the split determines only the incidence of the burden between
patients and the insurer. Importantly, this substitution occurs even when alternative,
unaffected low-price drugs remain available in the market, suggesting that substitution
reflects pharmacist discretion rather than a purely mechanical response to unavailability.
As a result, the incidence of supply disruptions depends not only on the magnitude of the

supply shock itself but also on the incentives facing pharmacists as intermediaries.



The graphical framework highlights two distinct channels through which supply dis-
ruptions reduce patient welfare. First, shortages in the affected-drug market reduce access
to treatment. Second, substitution toward the more expensive higher-price drug increases
out-of-pocket spending for patients who continue treatment. These channels apply to
mutually exclusive groups of patients and thus involve no double counting: of the Qo — @’
patients displaced from the affected drug, those switched to the higher-price drug (AQ)
appear in the right panel and continue treatment at a higher cost, while the remainder
forgo treatment and bear the consumer-surplus loss in the left panel. Accordingly, the
shaded triangle should be read as the access loss of displaced patients who do not obtain
a substitute. The second channel is not entirely a welfare loss, as these patients do obtain
treatment. We will further investigate how the cost burden could be decomposed into the
welfare components in Section A.2. To summarize, in regulated healthcare markets, both
channels operate through non-price adjustment mechanisms rather than market-clearing

price changes.

Panel A. Disruption-affected drug (price Pa) Panel B. Higher-price drug (price Py)
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Patient cost burden
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AQ
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> >
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Figure A1l: Supply Disruptions and Two Markets



A.2 Interpreting the Patient Cost Burden

Although our empirical analysis quantifies the increase in patients’ out-of-pocket spend-
ing, this measure should not be interpreted mechanically as a complete welfare loss. A
theoretical framework is therefore needed to interpret the estimated patient cost burden in
welfare terms. Figure A2 provides an economic interpretation of the patient cost burden
rectangle. The increase in spending is again given by (Py — P4) x AQ. A key feature of
this framework is the role of pharmacists as supply-side intermediaries. In a frictionless
market, dispensing would not extend beyond E7, the quantity at which marginal willing-
ness to pay equals marginal cost: units beyond this point reduce total surplus regardless
of the prevailing price. Indeed, patients acting on their own preferences would accept
units only up to the point where willingness to pay covers their out-of-pocket price; with
insurance, this consent margin generally differs from Ej. Neither margin governs dis-
pensing in our setting, however, because pharmacists have the discretion to substitute
the higher-price drug without explicit patient consent. In our framework, the baseline al-
location coincides with the efficiency benchmark — EY is located at (Qq, Py) — so every
unit of the substitution-induced expansion A is a unit whose production cost exceeds
patients’ willingness to pay. The location of (), therefore reflects not patient demand but
pharmacist-driven substitution, and the cost burden rectangle (Py — Ps) x AQ captures
the full financial consequences of this intermediary behavior.

The demand curve divides this rectangle into two components corresponding to differ-
ent economic interpretations. In region @), below the demand curve, patient willingness
to pay covers this portion of the payment: although these patients bear a higher out-of-
pocket cost than under the affected drug’s price, the payment is matched by the value of
the treatment they receive. In region (D), above the demand curve, the payment exceeds
patients’ willingness to pay: patient valuation does not reach this portion of the payment,

and in a market in which patients chose for themselves, these payments would never be



made. Region (D) therefore represents spending that purchases no treatment value — a
deadweight loss embedded in the patient cost burden, driven not by patient demand but
by pharmacist discretion that bypasses patient preferences entirely.

Two remarks are in order. First, region () captures the portion of the efficiency
loss that is borne through patients’ and the insurer’s payments; any resource cost of
supplying the marginal units in excess of Py is borne by producers and lies outside the
rectangle, so region (I) is a conservative measure of the total efficiency loss from over-
dispensing. Second, the welfare areas in Figures A1 and A2 are defined against different
counterfactuals: the consumer-surplus triangle in the affected-drug market measures the
incidence of the shock relative to the pre-shock allocation, whereas region (I) measures
the deadweight loss relative to the efficiency benchmark Ej. The two comparisons answer
different questions — who bears the burden of the disruption, and how much social surplus
is destroyed — and are therefore reported separately rather than summed.

In sum, the cost burden borne by patients and the insurer divides into a component
that purchases genuine treatment value (@) and a component that constitutes pure dead-
weight loss (D). A central implication of this framework is that deadweight loss arises
automatically whenever AQ > 0: because the baseline allocation coincides with the effi-
ciency benchmark E7, any substitution-induced expansion necessarily pushes dispensing
beyond the socially efficient quantity, so that region () is strictly positive. The magnitude
of this loss, however, is not mechanical — it depends on the slope of the demand curve.
When demand is steep, willingness to pay falls quickly below Py as dispensing expands,
and a large share of the burden rectangle is deadweight loss; when demand is flat, marginal
patients value the drug at nearly its price, and most of the burden purchases treatment
value. The welfare cost of a given A(Q) is therefore an empirical question about the slope
of demand, in addition to the extent to which pharmacist incentives drive substitution
beyond E7.

This decomposition highlights that increases in patient spending need not have a



uniform welfare interpretation. Higher spending may reflect payments for treatment that
patients value, or spending that generates no value at all. More broadly, the framework
illustrates how regulated intermediary markets can transform supply disruptions into

patient financial burdens through non-price allocation mechanisms.
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[ 1 Payment exceeding patients’ WTP (deadweight loss)
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Figure A2: Decomposition of Cost Burden



B Pre-shock Price Tier of Suspended Generics

Figure 3 shows that the suspension increased dispensing of high-price generics, especially
for hypertension. A potential concern is that this result may partly reflect differences
in pre-shock price tiers rather than pharmacists’ substitution decisions. If NP products
were disproportionately located in the lower tier of the generic price distribution, then
replacing suspended NP generics with remaining generics could mechanically raise high-
price generic dispensing, particularly when comparable low-priced supplied generics were
not available or not used. We therefore examine whether suspended NP generics were
lower-priced than supplied generics within the same drug group and month before the
suspension.

To assess this concern, we construct pre-suspension generic product-month data sep-
arately for each therapeutic class. The unit of observation is a generic product, identified
by a YJ code, in month ¢t. We collapse repeated claims for the same YJ code and month
into one product-month observation. We restrict the sample to drug-group-by-month cells

that contain at least one NP generic and at least one non-NP generic. We then estimate
Y;‘gt = Bngt + Nyt + Ejgts (5)

where j indexes YJ-code-level products, g indexes drug groups, ¢ indexes months, and
D4 equals one if product j is manufactured by NP. The term 7, denotes drug-group-by-
month fixed effects. We use two outcomes: (i) the log of the generic drug price and (ii) an
indicator for whether the product is the highest-priced generic, defined as a generic whose
price equals the maximum generic price within the same drug group and month. The
first outcome measures whether suspended NP generics were lower-priced than supplied
generics before the suspension. The second outcome is the same as the expensive-generic

outcome in Figure 3; a negative estimate indicates that suspended NP generics were more



likely to be inexpensive generics before the suspension.

Figure A3: Pre-shock Generic Price Distributions
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Notes: This figure plots the pre-shock distribution of generic drug prices separately for dyslipidemia and
hypertension. The sample is restricted to generic product-month observations before the NP suspension
and to drug-group-month cells that contain both suspended NP generics and supplied generics. Supplied
generics are shown by the dotted red line, and stopped generics are shown by the solid blue line.

Appendix Figure A3 plots the raw pre-shock generic price distributions for suspended
and supplied products. The distributions of suspended and supplied products overlap, in
particular, for hypertension. Table A1l reports the results of corresponding regressions.
For dyslipidemia, the estimated log price difference is small and statistically insignificant.
For hypertension, suspended NP generics were about 8.4% lower-priced than supplied
generics within the same drug group and month. Suspended NP generics were also 15.4
percentage points less likely to be high-price generics for hypertension.

These results suggest that the hypertension estimate in Figure 3 should be interpreted
with caution. Suspended NP products for hypertension were less likely to be high-price
generics before the suspension, implying that part of the post-suspension increase me-
chanically reflects the disappearance of relatively low-priced NP products. The size of

this pre-shock price-tier imbalance is not negligible: the regression estimate is about half
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Table Al: Pre-shock Price Differences

Dyslipidemia Hypertension
Dependent Variable Log(price) High-price generic Log(price) High-price generic
NP Dumm -0.038 -0.165 -0.087 -0.154
Y (0.036) (0.107) (0.022) (0.045)
Drug-group x month FE X X X X
Clustered SE Drug group and month Drug group and month
Observations 2251 2251 7381 7381

Notes: This table reports product-month-level regressions using generic products observed before the NP
suspension. The sample is restricted to drug-group-by-month cells that contain both NP and non-NP
generics. NP Dummy equals one for NP generics and zero for non-NP generics. Highest-priced generic
equals one if the product’s regulated price equals the maximum generic price within the same drug group
and month. All specifications include drug-group-by-month fixed effects. Standard errors are two-way
clustered by drug group and month.

of the peak event-study response in Figure 3(b). Nevertheless, the remaining response
is still comparable to the dyslipidemia response, supporting the interpretation that the

suspension induced substitution toward higher-price generics in both therapeutic classes.
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C Within-Generic Incentive Calculation

This section summarizes the construction of the within-generic incentive and savings re-
ported in Table 3. The main calculation sets the unobserved procurement-cost differential,
Ac, to zero. The required incentive therefore compensates only for the dispensing-profit
loss from replacing a high-price generic with a lower-price alternative.

We infer product- and period-specific dispensing profits from the April 2022, April
2023, and April 2024 drug-price revisions. Let P,  and P denote the median regulated
unit prices of product m immediately before and after revision s. Under the standard

revision formula, the implied wholesale unit price is Wm,s = P}, —0.02P, , and the

m,s)

—~

implied dispensing profit per unit is therefore 7, . = P, , — W, s = 1.02P, . — P} .

For the 2022 revision, the pre- and post-revision prices are measured over April 2021—
March 2022 and April 2022-March 2023. The corresponding windows are April 2022—
March 2023 and April 2023-March 2024 for the 2023 revision, and April 2023—-March
2024 and April-September 2024 for the 2024 revision. If a product’s regulated price did
not change in the interim 2023 revision, we carry forward its preceding dispensing-profit
estimate because the revision does not reveal a new wholesale price. We set negative
implied profits to zero, cap them at the corresponding pre-revision regulated price, and
do not separately model special repricing provisions.

Each estimate is assigned to the price regime from which it is inferred: the 2022
estimate to prescriptions from April 2021 through March 2022, the 2023 estimate to April
2022 through March 2023, and the 2024 estimate to April 2023 through March 2024. For
observations before April 2021 that are required only for the Targeted DID calculation,
we apply the 2022 dispensing-profit schedule as a common valuation benchmark. These
earlier values are not interpreted as estimates of actual dispensing profits in those months.

For each drug group and month, the lower-price alternative is the generic with the

lowest regulated price. If several products share the lowest price, we select the product
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with the largest implied dispensing profit. We retain high-price generic prescriptions only
when the drug group contains at least two generic price levels and dispensing profits are
available for both products.

Let n index prescriptions, ¢, denote the dispensed quantity, and g% and g~ denote the
high- and lower-price generics. Prescription-level dispensing profits, the raw profit gap,

the required incentive, and the gross drug-spending reduction are

~

e — qn%\gg’tn, ﬁ,Ll = qnﬁgwn, @n = ﬁnH —1I: 7, = max{@n, 0}, §Z’ =q, (Pf — Pf) .

n’

Thus, no incentive is required when the lower-price generic is already at least as profitable
as the high-price generic. Patient and insurer gross savings are S = 0.3057 and S! =
0.7057.

For any prescription-level quantity A,, the Average columns report its simple mean
among policy-relevant high-price generic prescriptions from April 2021 through March
2024. The Targeted columns measure the corresponding quantity per high-price generic
prescription induced by the shortage. Let I, indicate a policy-relevant high-price generic
prescription, and let B\d(Z ) denote the treatment coefficient from the preferred DID spec-

ification for therapeutic class d when the outcome is Z,. The Targeted estimate is

A\Targeted o M
e = —= :
Ba(I)
For example, 7, & — Ba(IT)/By(I) and §§ Targeted _ 3 (18T /B,(I). The All-Average
column pools observed prescriptions across the two therapeutic classes, whereas the All-
Targeted column pools the class-specific DID numerators and denominators.

The incentive is treated as an insured dispensing fee. Patient and insurer contributions
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are therefore 0.307; and 0.707,;, and the corresponding net savings are
NP =8P —0.307, NI =51 —0.707, NI'=3F — 7,

The incentive-to-gross-saving ratio is 7,/ S\g The reported break-even procurement-cost
differential is ch = §§f — T4, treating each additional yen of procurement cost as requiring
one additional yen of incentive. It is therefore an accounting threshold at which the net
medical-spending reduction becomes zero, rather than an estimate of the unobserved

procurement-cost differential.

Table A2: Implied Dispensing-Profit Components

Dyslipidemia Hypertension All
Measure Average Targeted Average Targeted Average Targeted
High-price generic implied profit 114 201 191 178 166 186
Lower-price generic implied profit 100 173 92 103 95 126
Raw profit gap (my gn — 74 4z) 13 28 99 76 71 60
Required incentive (7) 24 28 101 75 7 60
Share with positive profit gap 86.7% 83.8% 96.9% 96.1% 93.6% 92.0%

Notes: All monetary quantities are in JPY per prescription. The raw profit gap is high-price generic
profit minus lower-price generic profit. A positive gap indicates that replacing the high-price generic
reduces the pharmacy’s dispensing profit. The required incentive applies the positive-part operator to
this gap with the procurement-cost differential set to zero. Average values are computed over observed
policy-relevant high-price generic prescriptions from April 2021 through March 2024. Targeted values
are ratios of the corresponding DID coefficients and should be interpreted as DID-implied quantities per
shortage-induced prescription.

Table A2 reports the dispensing-profit components underlying these calculations. The
raw profit gap is computed before truncation, whereas the required incentive applies the
positive-part operator at the prescription level. In the Average columns, the mean required
incentive therefore weakly exceeds the mean raw profit gap because negative gaps enter
the latter but are replaced by zero in the former. The Targeted columns are ratios of DID
coefficients rather than averages under a unique set of observed nonnegative prescription

weights, so this inequality need not hold exactly. The final row reports the observed share
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of prescriptions with a positive profit gap in the Average columns and the corresponding
DID-implied ratio in the Targeted columns.

Appendix Figure A4 reports the distributions of the implied dispensing-profit rate
among the policy-relevant high-price generic prescriptions used in the Average calcula-
tion. These distributions describe the underlying product-level profitability from which

prescription-level profit gaps and required incentives are constructed.

Figure A4: Distribution of Implied Dispensing-Profit Rates

Panel (a): Dyslipidemia Panel (b): Hypertension

Dyslipidemia Hypertension
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Notes: The figure reports the claim-weighted distributions of the implied dispensing-profit rate among
observed policy-relevant high-price generic prescriptions. The implied dispensing-profit rate is calculated
at the product-by-revision level and assigned to prescriptions corresponding to each revision period.
Products that are dispensed more frequently therefore receive greater weight in the distributions. Panel
(a) reports the distribution for dyslipidemia, and Panel (b) reports the distribution for hypertension.

The implied profit rates are concentrated in the mid-teens in both therapeutic classes.
The dyslipidemia distribution is relatively concentrated, whereas the hypertension distri-
bution is more dispersed and has a longer upper tail. Differences in the required incentive
across the two classes therefore depend not only on their central profit rates but also on
the composition of products and dispensed quantities among policy-relevant prescriptions.

Appendix Figure A5 shows how differences between high- and lower-price generic
profits translate into required incentives. Panel (a) plots lower-price generic profit minus

high-price generic profit, which is the negative of the raw profit gap reported in Appendix
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Table A2. Negative values in Panel (a) therefore correspond to prescriptions for which a

positive incentive may be required.

Figure A5: Distributions of Pharmacy Profit Gaps and Required Incentives

Panel (a): Pharmacy profit-gap
distribution

Panel (b): Required-incentive distribution

300

— Dyslipidemia - - = Hypertension

Notes: Panel (a) reports the percentile function of lower-price generic profit minus high-price generic
profit, which is the negative of the raw profit gap reported in Table A2. Positive values indicate pre-
scriptions for which the selected lower-price generic is more profitable. Panel (b) reports the percentile
function of the minimum required incentive, defined as the positive part of high-price generic profit minus
lower-price generic profit when the unobserved procurement-cost differential is set to zero. The distribu-
tions are constructed from observed policy-relevant high-price generic prescriptions between April 2021
and March 2024. Monetary values are measured in JPY per prescription. The solid blue line denotes
dyslipidemia, and the dotted orange line denotes hypertension.

The lower-price generic is less profitable for most policy-relevant prescriptions in both
therapeutic classes, but this difference is more prevalent and larger in hypertension. Ap-
plying the positive-part operator produces a substantial mass at zero for dyslipidemia,
while positive incentives arise over a larger portion of the hypertension distribution and
increase more sharply in its upper tail. These distributional differences account for the

larger Average required incentive for hypertension reported in Table 3.

D Additional Figures and Tables
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Table A3: Descriptive statistics of pharmacies

Mean Std. Dev. Min Max

Number of pharmacies 22,469 1,926 18,635 25,299
Share of add-on categories
No 0.176 0.031 0.129  0.242
Low 0.201 0.033 0.145  0.244
Middle 0.371 0.005 0.358  0.381
High 0.252 0.068 0.137  0.368
Chain store 0.325 0.013 0.310  0.352

Notes: The table reports summary statistics across months from June 2020 through September 2024.
The number of pharmacies is the monthly count of pharmacies appearing in the claims data. The add-on
categories and chain-store status are reported as monthly shares of observed pharmacies. The sample
includes both therapeutic classes and products manufactured by all firms.
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Table A4: Excluded drug groups

Therapeutic class

YJ code and drug group

Reason for exclusion

Dyslipidemia 2189018F1: Ezetimibe tablets 10 mg A generic entry occurred during
the post-patent-expiration anal-
ysis period, changing the prod-
uct choice set.

Dyslipidemia 2189015F1: Atorvastatin tablets 5 mg These drug groups were used
2189015F2: Atorvastatin tablets 10 mg only b}’ one Of th‘? exposure
2189015F5: Atorvastatin tablets 20 mg groups in the estimation sample.
2189011F3: Simvastatin tablets 20 mg

Dyslipidemia 2189017F1: Rosuvastatin tablets 2.5 mg The control group experienced
2189017F3: Rosuvastatin orally disintegrating tablets 2.5 mg new product entry unrelated to

the NP suspension.

Hypertension 2149044F4: Olmesartan tablets 40 mg The product line had been
2149044F5: Olmesartan orally disintegrating tablets 10 mg d;lscontinu(ii as gf Jur}lle 2020,

. . . . changing the product choice set
2149044F6: Olmesartan orally disintegrating tablets 20 mg for reasons unrelated to the NP
suspension.

Hypertension 2144006F2: Lisinopril hydrate tablets 10 mg Supply was temporarily sus-
pended in October 2020 because
a pre-shipment manufacturing
lot failed to meet the dissolution
specification.

Hypertension 2149118F1: Irbesartan and amlodipine combination tablets LD  The same product was also sold

by other firms, placing it outside
the treatment definition based
on Nichi-Tko products.

Notes: This table lists drug groups excluded from the estimation sample.

The exclusions remove

drug groups whose product choice sets or pricing environments changed for reasons unrelated to the
NP production suspension. The excluded groups include drug groups with generic entry during the
analysis period, drug groups used only by one exposure group, drug groups with abrupt price or cost
discontinuities, drug groups affected by product-line discontinuation or temporary supply suspension,
and drug groups outside the treatment definition.
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Table Ab5: Difference in the impact on the patient’s copayment by pharmacy type

Dyslipidemia Hypertension

(1) (2) (3) (4)

0.034 0.006 -0.005 -0.018
0 No Add-on (0.009)  (0.009)  (0.008)  (0.007)
Individual FE X X X X
Month FE X X X X
Pharmacy FE X X X X
Drug-group FE X X X X
FY x Pharmacy FE X X X X
Month x Drug-group FE X X
Observations 1,379,895 1,379,895 2,091,311 2,091,275
N patients 64,588 64,588 93,375 93,375

Notes: The table reports the coefficient of the interaction term of § and a dummy variable to indicate
the level of supplementary fees to promote generic drugs that were included in the post-period DID
specification, and their standard errors. In this analysis, a dummy variable at the pharmacy level is
defined, depending on whether the pharmacy receives a generic supplementary fee. The reference group
is the pharmacy that receives the add-on. The outcome variable Y;;x: denotes the patient’s copayment of
the dispensed drug. Odd-numbered columns control for individual and month fixed effects; even-numbered
columns additionally include pharmacy fixed effects and their interaction with fiscal-year dummies.
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Figure A6: The effect on out-of-pocket spending

Panel (a): generic share threshold 0.7
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Panel (b): generic share threshold 0.9
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Notes: The figure reports event-study estimates and 95% confidence intervals. The outcome is the log
of patient out-of-pocket spending per prescription. All specifications include patient-by-drug-group fixed
effects, month-by-drug-group fixed effects, and fiscal-year-by-pharmacy fixed effects. Standard errors
are two-way clustered at the patient and pharmacy levels. The vertical dashed line indicates the NP
production suspension, and the omitted event month is one month before the suspension. Panel (a)
defines treatment exposure using a pre-suspension generic-use threshold of 0.7, and Panel (b) uses a
threshold of 0.9.
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Figure A7: The effect on drug prices

Panel (a): generic share threshold 0.7
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Notes: The figure reports event-study estimates and 95% confidence intervals. The outcome is the log of
the regulated drug price per dose. All specifications include patient-by-drug-group fixed effects, month-by-
drug-group fixed effects, and fiscal-year-by-pharmacy fixed effects. Standard errors are two-way clustered
at the patient and pharmacy levels. The vertical dashed line indicates the NP production suspension,
and the omitted event month is one month before the suspension. Panel (a) defines treatment exposure
using a pre-suspension generic-use threshold of 0.7, and Panel (b) uses a threshold of 0.9.
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Figure A8: The effect on brand-name drug substitution

Panel (a): generic share threshold 0.7
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Notes: The figure reports event-study estimates and 95% confidence intervals. The outcome is an indicator
equal to one if the dispensed product is a brand-name drug. All specifications include patient-by-drug-
group fixed effects, month-by-drug-group fixed effects, and fiscal-year-by-pharmacy fixed effects. Standard
errors are two-way clustered at the patient and pharmacy levels. The vertical dashed line indicates the
NP production suspension, and the omitted event month is one month before the suspension. Panel
(a) defines treatment exposure using a pre-suspension generic-use threshold of 0.7, and Panel (b) uses a
threshold of 0.9.
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Figure A9: The effect on high-price generic substitution

Panel (a): generic share threshold 0.7
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Notes: The figure reports event-study estimates and 95% confidence intervals. The outcome is an indicator
equal to one if the dispensed product is the highest-priced generic within its drug group and period. All
specifications include patient-by-drug-group fixed effects, month-by-drug-group fixed effects, and fiscal-
year-by-pharmacy fixed effects. Standard errors are two-way clustered at the patient and pharmacy levels.
The vertical dashed line indicates the NP production suspension, and the omitted event month is one
month before the suspension. Panel (a) defines treatment exposure using a pre-suspension generic-use
threshold of 0.7, and Panel (b) uses a threshold of 0.9.
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Figure A10: Effect on Marginal Patient Costs
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Notes: This figure reports the marginal contribution of substitution to branded drugs and to the highest-
priced generic drugs to the increase in patients’ out-of-pocket spending in each event month. For each
event month and drug group, we calculate the average out-of-pocket price gap relative to the lowest-priced
generic using prescription quantities as weights. The marginal burden is obtained by multiplying these
price gaps by the corresponding event-study estimates of branded and highest-priced generic dispensing
shown in Figure 3.
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Figure A11: Difference in the patient’s pharmacy change
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Notes: The figure reports estimates from Y; = a + 8D; + X[y + &;, where Y; is an indicator equal to
one if patient ¢ uses at least one pharmacy during the corresponding post-suspension period that was
not used before the suspension. The indicator D; equals one if patient ¢ used NP products before the
suspension within the corresponding therapeutic class. The covariate vector X; includes the patient’s
pre-suspension age, sex, and number of distinct pharmacies used during the pre-suspension period. Age
is measured at the patient’s last observed dispensing before the suspension. Standard errors are clustered
at the pre-suspension pharmacy level. Horizontal bars denote 95% confidence intervals.
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