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❑ Opioid abuse is a global epidemic which has reached

unprecedented levels in the U.S., with an estimated 10.1 million

people (or 3.7% of the U.S. population) misusing opioids

(National Survey on Drug Use and Health, 2019).

❑ Such a phenomenon has led to a dramatic rise in emergency

department visits (Centers for Disease Control and Prevention,

2020) and a record number of deaths.
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BACKGROUND



❑ Beyond such tragic effects on health and mortality rates, the opioid

epidemic also has enormous direct – i.e., through personal addiction –

economic consequences (Florence, Luo, and Rice, 2021).

❑ Addiction to opioids leads to declining labor force participation,

mostly concentrated among less educated, blue-collar

individuals (Krueger, 2017).

❑ This, in turn, has adverse effects for firm value and investments

(Ouimet, Simintzi, and Ye, 2021), the housing market (Custodio,

Cvijanovic, and Wiedemann, 2022) and access to finance of

affected municipalities (Cornaggia, Hund, Nguyen, and Ye,

2022).

❑ Less is known, however, whether opioid abuse have significant

spillover effects on non-addicted participants in the labor market

and, if so, what the potential implications are for firms. within the narrow

borders of a specific place with people who are likely to have different

backgrounds and cultures
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MOTIVATION



❑ Spillover effects on non-addicted individuals could arise because of

actions of the addicted individuals.

❑ For instance, due to lower productivity or even job loss, addicted

individuals are exposed to greater economic difficulties.

❑ Not only their compensation is reduced, but they may also

face increasing needs to secure finances to procure

substances, something that may lead to illicit market

activities and crime (e.g., Maclean, Mallatt, Ruhm and

Simon, 2022).

❑ Such safety and security problems make an area less appealing to

live and work at, and adversely affect the quality of life of individuals

who are not addicted, which may prompt them to move away and

live elsewhere.
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MOTIVATION



❑ The objective of this study is to investigate whether the opioid 

epidemic affects firms in a setting where outcomes are unlikely to be 

driven by personal addiction: corporate innovation. 

❑ This setting has two main advantages. 

1) Innovation is typically generated by creative and well-educated 

individuals. Such individuals are unlikely to make use of opioids 

(Case and Deaton, 2020). 

❑ In this respect, any effect of the opioid epidemic on corporate 

innovation should be indirect, and thus, distinct from prior 

literature which focuses on firm implications arising from the 

direct effect of addicted individuals. 
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OBJECTIVE



2) Innovation inputs, such as inventors, and outcomes, such as patents, 

are externally observable and important to firms’ long run growth (e.g., 

Fich, Nguyen, and Petmezas, 2022). 

❑ Thus, we can zoom-in on inventors by tracking them over time.

❑ This is helpful to understand spillover effects of the opioid 

epidemic on firms, such as those reflected in corporate 

innovation and inventor mobility. 
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OBJECTIVE



To establish the causal effect of the opioid epidemic on corporate innovation 

we employ two separate and independent methods. 

1) We use an exogenous positive supply shock in opioid distribution to 

instrument opioid mortality (Cornaggia et al., 2022). 

❑ The instrument is based on the supply of a variety of opioids with the highest (i) 

addictive potential and (ii) desirability to addict, through distribution channels 

that exhibit little oversight. 

❑ Cornaggia et al. (2022) show that this supply chain instrument is highly 

correlated with the opioid mortality rates.

❑ We measure corporate innovation using patents, citations and innovation 

value (Seru, 2014; Kogan, Papanikolaou, Seru, and Stoffman, 2017). 

❑ We find that firms in counties associated with opioid abuse experience a 

decrease in corporate innovation driven by migration of high skilled labor. 

❑ Economically, the effect of opioid abuse on corporate innovation is 

substantial (annual reduction of about -10.8% in the number of 

patents)
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WHAT WE DO IN THIS PAPER – MAIN RESULT (1)



2) We complement the instrumental variable analysis using a quasi-natural 

experiment that exploits the adoption of state-level legislation which 

aims at limiting opioid prescriptions.

❑ The passage of these laws is not related to the economic environment 

and the political economy with the probable exception of opioid 

overdose death rate (Ouimet et al., 2021). 

❑ Therefore, the timing of these laws is plausibly exogenous to 

corporate innovation, creating an effective setting to examine whether 

the passage of these laws affects corporate innovation. 

❑ Using a difference-in-differences analysis, we find a positive impact (i.e., 

the mirror image of our previous findings), providing further support for the 

causal interpretation of opioid epidemic effects on corporate innovation. 

❑ Economically, after the passage of the laws, firms in the affected states 

experience a 15.5% increase in the number of firm patents relative to the 

innovation of rival firms in unaffected states. 
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WHAT WE DO IN THIS PAPER – MAIN RESULT (2)



The setting of these two experiments is not only independent but 

also allows us to test whether the effect is symmetric.

❑ The reason is that the state legislation is expected to have a 

negative impact on opioid consumption and the resulting 

supply shock is expected to lead to an increase in 

corporate innovation – which is what we find. 
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WHAT WE DO IN THIS PAPER –IMPORTANCE OF OUR SETTING
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EXPLANATION OF THE RESULTS-INVENTOR MOBILITY (1)
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❑ We explore the inventor mobility channel as a plausible mechanism in 

explaining the results. 

❑ Particularly, we investigate whether the opioid epidemic indirectly affects the 

“industrial organization” of innovation by impeding a firm’s ability to retain existing 

(productive) inventors and attract new ones. 

❑ We use inventor-level data, which track individual inventors over time across two 

successive patent applications assigned to different firms. 

❑ We obtain a positive relation between the instrumented opioid mortality 

rates and out-of-county moves, suggesting a causal link between opioid 

abuse and inventor mobility.

❑ We also find a negative relationship between instrumented opioid 

mortality rates and within-county moves, which suggests that if inventors 

move to another firm, it is less likely to move to firms within the same opioid-

affected county. 
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EXPLANATION OF THE RESULTS-INVENTOR MOBILITY (2)
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❑We show that moving inventors are more (less) likely to move to a lower 

(higher) crisis county. 

❑ Concentrating particularly on the characteristics of relocating inventors, we 

find that more productive (so-called “star”) and younger inventors who 

face lower adjustment costs are more likely to relocate to a lower crisis 

county. 

❑ Hence, firms located in counties that are affected more by the opioid 

epidemic lose both their most productive inventors and youth creativity. 



❑We merge the opioid epidemic data and the innovation data with county 

characteristics from the U.S. Census, BEA and ARDA, and financial and 

accounting information from the CRSP and Compustat databases. 

❑ Our firm-level sample excludes all firms without headquarters in the U.S. 

and with missing ZIP codes. 

❑We focus on innovative firms and, thus, exclude firm-years without positive 

R&D expenditures. 

❑ Our inventor-level sample measures mobility focusing on active inventors, 

defined as inventors that filed at least one patent over the previous three 

years. 
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SAMPLE AND DATA - OVERVIEW



❑ Multiple Cause of Death data found in the NCIPC of the CDC .

❑As in Cornaggia et al. (RFS, 2022), we follow the 10th Revision (ICD-10) 

classifications by the International Classification of Diseases, to identify deaths 

caused by opioid.

❑The main variable of interest, Opioid Death, is defined as the county drug 

overdose mortality rate per 100,000 residents.
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SAMPLE AND DATA - OPIOID



❑ We instrument mortality rates using a supply chain variable that is based on 

information about prescriptions and distribution of opioids by type. 

❑We obtain the relevant information from the DEA, which collects data from 

manufacturers and distributors (https://www.slcg.com/opioid-data/) through the 

Automated Reports and Consolidated Ordering System (ARCOS). 

❑ The data are comprehensive and contain information about every opioid pill sold in 

the U.S. during the period 2006-2014 for every retail distributor, including 

pharmacies, hospitals, etc. 

❑ Because each opioid pill may exhibit different strength, following the public health 

literature, we convert their opioid strength using the Morphine Milligram 

Equivalent (MME) value. Then, we use the retail distributor’s zip codes to 

geolocate pills to counties. 

❑ Our instrument, MME, is defined as the county MME value per 100,000 

residents. 
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INSTRUMENT: OPIOID PRESCRIPTIONS & DISTRIBUTION 
CHANNELS
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SAMPLE AND DATA - INNOVATION
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❑We use the patent dataset created by Stoffman et al. (2022). 

❑ Due to data limitations in our instrument, our final sample covers the period 

2007-2015 and includes 2,951 firms with 15,178 firm-year observations. 

❑We construct 3 main measures of corporate innovation: 

❑ The natural logarithm of one plus the number of patents filed (and 

subsequently granted) by a firm, in a given year. 

❑ The natural logarithm of one plus the number of citations across all 

patents filed by a firm, in a given year 

❑ Innovation quality, defined as the natural logarithm of one plus the 

cumulative economic value (in millions of nominal U.S. dollars) of patents 

that a firm applies for each year.

❑ To measure inventor mobility, we check whether an inventor files two successive 

patent applications which are assigned to different firms. We create 4 variables:

✓ an out-of-county move, 

✓ a within-county move, 

✓ a move to a lower crisis county, 

✓ a move to a higher crisis county 

❑ Our final sample includes 274,627 inventors with 629,763 inventor-employer-year observations. 
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METHODOLOGY
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2-Stage Least Square Regressions:

❑ where 𝑌𝑖,𝑙,𝑡+1 are the dependent variables of interest – the corporate 

innovation measures – for firm i, located in county l in year t+1. 

❑ The independent variable of interest is the instrumented 𝑂𝑝𝑖𝑜𝑖𝑑 𝐷𝑒𝑎𝑡ℎ𝑠𝑙,t 
which captures the exposure to opioid epidemic in county l in year t. 

❑ The coefficient δ1 is the elasticity of corporate innovation with respect to 

opioid abuse 

❑ It measures the average difference in corporate innovation attributable 

to opioid abuse. The instrument is the supply chain MME for county l 

in year t. 

❑ Control Variables: Ln (size), Tobin’s Q, cash holdings, leverage, ROA, tangible 

assets, capital expenditures, Ln (firm age), Ln (county population), Ln (per capital 

personal income), educational attainment, religiosity and local seniors. 
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AVERAGE CORPORATE INNOVATION ACROSS OPIOID 
EPIDEMIC QUARTILES
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THE IMPACT ON PATENTS, CITATIONS AND INNOVATION 
VALUE

✓ Moving from the 25th to 

the 75th percentile of the 

instrumented opioid 

mortality leads to 2.27 

fewer patents.

✓ Given the unconditional 

average number of firm 

patents, which equals 

21.07, there is a 10.8% 

decline in the number 

of patents for firms in 

the high group.
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ROBUSTNESS CHECKS
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DIFF-IN-DIFF ANALYSIS: LIMITING OPIOID PRESCRIPTIONS

©Dimitris Petmezas

✓ There is a

15.5% 

increase in 

the number of 

firm patents 

(model 1). 

✓ The 

magnitude is 

comparable to 

the -10.8% 

decline in the 

number of 

patents.
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OPIOID EPIDEMIC AND INVENTOR MOBILITY: 
INVENTOR-LEVEL ANALYSIS

©Dimitris Petmezas

❑ Moving inventors are more likely to move to a lower crisis county. 

❑ Moving inventors are less likely to move to a higher crisis county. 

❑ More productive (so-called “star”) and younger inventors more likely to relocate to a lower 

crisis county. 

❑ Hence, firms located in counties that are affected more by the opioid epidemic lose both 

their most productive inventors and youth creativity
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HETEROGENEOUS EFFECTS 
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❑ We focus on heterogeneous effects of specific firms in which inventor 

moves would have smaller (or larger) consequences on innovation 

and investigate the relationship between opioid mortality rates and 

corporate innovation. 

✓ Importance of employees’ input to innovation (R&D 

expenses/Employee)
❑ The negative impact of the opioid epidemic on corporate innovation is lower 

when the importance of an employee’s input to innovation is low.

✓ High firm’s growth per employee (Difference between market 

capitalization and common shareholder’s capital, scaled by 

number of employees)
❑ Opioid abuse has a lower impact on firms with lower growth opportunities 

✓ Project size/complexity (Size of the firm)
❑ Negative relation between the instrumented opioid mortality rates and 

corporate innovation, which becomes weaker when firms have lower ability 

to handle larger, more complicated projects.



❑ Using a corporate innovation setting, this study provides new evidence of spillover 

effects of the opioid epidemic on firms (i.e., when personal addiction is unlikely to be 

the main driver).

❑ By employing a positive supply shock in opioid distribution to instrument opioid 

mortality, we show that firms in counties associated with opioid abuse 

experience declines in patenting, citations and innovation value. 

❑ Along this vein, using a difference-in-differences analysis which exploits the staggered 

passage of state-level opioid-limiting legislations, we show that states which passed 

such laws experience an increase in corporate innovation.

Both results support causal effects of opioid abuse on corporate innovation. 
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CONCLUSIONS
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❑ Consistent with an inventor mobility explanation, we find a positive (negative) 

relation between opioid abuse and out-of-county (within-county) moves. 

❑ Conditional on moving, inventors, particularly the star and young ones, 

move to counties that suffer less from the opioid epidemic. 

Hence, the opioid epidemic impedes firms’ ability to retain existing (good) 

inventors and attract new ones, resulting in deteriorating corporate innovation. 

❑ Heterogeneous analysis reveals that the opioid epidemic is more detrimental for 

firms:

❑ when employees’ input to innovation is higher, 

❑ when firms exhibit higher growth opportunities, and 

❑ when firms handle larger and more complex projects. 
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CONCLUSIONS
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Thank  you!
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DEFINITIONS OF THE VARIABLES
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DEFINITIONS OF THE VARIABLES
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DEFINITIONS OF THE VARIABLES
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SAMPLE DESCRIPTIVE STATISTICS
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