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Abstract 

 
 
While there is considerable evidence of the medical applications of cannabis, concerns regarding 
the safety of cannabis are also mounting. Cannabis-related emergency room visits, in particular, 
have increased in part due to the negative effects of combining cannabis with cannabis-
contraindicated medications. In an attempt to improve the safety of cannabis, nine states have 
added medical cannabis to their state PDMPs, helping clinicians to take patient cannabis use into 
consideration when making prescribing decisions. Using private insurance claims from a 
nationally-representative managed care organization, I find a 12.5% reduction in prescriptions of 
contraindicated medications, per capita (p<0.05) and an 8.7% reduction in the day supply of 
contraindicated medications, per capita (p<0.01). Cannabis integration into PDMPs is also 
associated with a 17-30% decline in the number of days supplied in prescriptions of controlled 
substances.  
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The Impact of Cannabis Prescription Drug Monitoring Programs on Physician Prescribing 
Behavior 

 
1. Introduction 

A growing body of research suggests that cannabis is a viable alternative to several 

pharmaceutical medications, most notably opioid pain relievers, which have a high risk for 

misuse and dependence. Evidence is mounting that patients substitute away from opioids when 

they have access to medical cannabis through state legalization. This evidence, along with the 

promise of high tax revenues, has prompted an increasing number of states to legalize medical 

cannabis. As of June 2022, 39 states and Washington DC have a medical cannabis law approved 

and 37 states and Washington DC currently provide access to medical cannabis through legalized 

home cultivation or open dispensaries.  

One concern, however, is cannabis safety, particularly for patients that are already taking 

prescription pharmaceutical medication when they begin using cannabis. Since 2014, nine states 

have added cannabis to their state Prescription Drug Monitoring Programs, helping clinicians to 

take cannabis use into account before prescribing medication.  This presents a unique 

opportunity to evaluate physician behavior, through fills of medication, in relation to cannabis.  

While many clinicians feel there is a role for cannabis in medicine, many healthcare 

professionals also consider cannabis an illicit drug with potential for misuse.1–6 For this reason, 

giving clinicians concrete information about if and how much patients use cannabis will likely 

influence the clinicians’ prescribing. In this paper, I will show that adding cannabis to state 

PDMPs has the direct effect of decreasing prescriptions of medications contraindicated with 

cannabis. I will also show that adding cannabis to state PDMPs is also associated with the 

spillover effect of decreasing prescriptions of controlled substances. My results demonstrate that 

these decreases are not driven by any one drug (such as oxycodone) or therapeutic drug class 
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(such as opioids) and are robust to placebo testing. Adding cannabis to PDMPs introduces new 

information to prescribers, who are using this new information to change their prescribing. 

 

2. Background and Literature Review 

2.1 Cannabis and the Controlled Substances Act 

The Controlled Substances Act of 1970 (CSA) is a federal policy that sets up the legal 

management of drugs that are considered to have relatively high potential for misuse, including 

certain narcotics, stimulants, depressants, hallucinogens, and anabolic steroids.7,8 The CSA 

established five schedules (Schedule I-V) and placed each substance that was already regulated 

in some way by existing federal law into one of the five schedules; new substances have since 

been added.7 Substances were assigned to each schedule based on their accepted medical use and 

assessed potential for abuse, with Schedule I referring to drugs with a high potential for abuse 

and no accepted medical use.9 Each Schedule except Schedule I has an accepted medical use. As 

the Schedule numbers increase, the substances are considered to have relatively lower potential 

for misuse.8 

 At the federal level, cannabis is still a Schedule I drug. Not considered to have medical 

applications, Schedule I drugs cannot be prescribed and are illegal to possess or sell. Physicians 

(and non-physician prescribers such as nurse practitioners and physician assistants) must be 

registered with the DEA in order to purchase, prescribe, administer, or dispense controlled 

substances.10,11 Because Schedule I drugs are strictly prohibited and cannot be prescribed, any 

healthcare worker who has a DEA license cannot prescribe cannabis without risking losing their 

license. While they cannot legally prescribe cannabis, there is legal precedent affirming 
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physicians are protected by the First Amendment to speak freely with their patients about 

potential risks and benefits of cannabis use.12 

 

2.2. Clinician cannabis education 

Several states require some form of education about medical cannabis before clinicians 

can recommend it to patients.13 Of states that have integrated cannabis into their PDMPs, only 

New York and Ohio require CME credit hours on cannabis for physicians to be able to 

recommend it. Both Ohio and New York’s course requirements include education on cannabis-

drug interactions. New York requires more thorough education than Ohio and its required course 

addresses various aspects of medical cannabis including administration, therapeutic use, drug 

metabolism, physiological and cognitive effects, potential risks, and contraindications and drug 

interactions.”14 The course does not appear to discuss the addition of cannabis to the state PDMP 

but it does cover drug interactions and claims to cover all state cannabis regulations, which 

should include the addition of cannabis to the PDMP. 

 

2.3. Clinician views on cannabis 

 A national survey in 2018 of 1506 family practice doctors, internists, nurse practitioners, 

and oncologists found that while the majority of clinicians surveyed believed cannabis has 

medicinal uses, only about a quarter had ever recommended it to a patient.1 A survey of 

physicians licensed to practice in Ohio, which also added cannabis to its PDMP in 2016, 

concluded that the majority of physicians were unlikely to recommend cannabis to their patients 

(62%).15 Only 12% of physicians surveyed reported being certified to recommend cannabis or 

being likely to become certified.15 Similarly, a survey of cannabis users reported that about a 
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third of patients who use cannabis for medical reasons felt their doctor was supportive of their 

use of cannabis.2  However, this survey notes the limitation that doctors were not asked directly. 

 Additionally, a systematic review of health professionals’ views of the use of medicinal 

cannabis showed that while many health professionals supported the use of cannabis, there was a 

lack of self-perceived knowledge surrounding all aspects of cannabis and a widespread concern 

about potential direct harms to patients and indirect societal harms. Pharmacists expressed 

concern over cannabis misuse, diversion to illicit channels, and the potential for negative drug 

interactions.4,16 Nurse practitioners were similarly concerned about “recreational misuse,” the 

absence of clinical guidelines, and potential drug-drug interactions.5,6,17  

 

2.4. Clinician behavior 

Clinicians, particularly physicians, have been shown to develop rules of thumb as a 

practical application of theoretical knowledge.18–20 Both experienced and novice health care 

workers also rely on intuition as a way to make medical decisions.19 Thus, in the absence of 

formal training about cannabis, it is likely that clinicians are developing rules of thumb in order 

to make prescribing decisions. At this time, there is a lack of evidence regarding the interaction 

of cannabis and controlled substances, both in terms of clinician perception and behavior and 

patient usage. But since many health care workers see the medical applications of cannabis as 

ambiguous and have concerns about misuse of cannabis, it is possible they are changing their 

controlled substance prescribing patterns in the presence of patient cannabis use. 

 

2.5. Prescribing medications contraindicated for use with cannabis 
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The FDA establishes guidelines for establishing the contraindications of human 

prescription drugs and biological products.21 A medical contraindication is a recommendation to 

avoid a drug, procedure, or surgery due to risk of harm to the patient.22 When drugs are Schedule 

I, and completely illicit in the view of the federal government, there is no entity responsible for 

discovering contraindications for use with those substances because the assumption is they will 

not be used. In this scenario, contraindications come from reports of adverse outcomes or from 

research.   

The literature regarding cannabis-contraindicated medications is relatively weak, even in 

countries that have permitted cannabis use for lengths comparable to the United States. Health 

Canada has suggested a number of patient-risk factors that should be considered before 

prescribing cannabis but they do not reach the level of contraindications.23 Under Ontario law, in 

Canada, physicians prescribing cannabis must advise patients about drug contraindications and 

must review the other medications they receive.24 They also have a mental health 

contraindication where cannabis is contraindicated for patients with a personal or family history 

of psychosis and/or schizophrenia.  

The European Pain Federation (EFIC) has released a list of patient-based 

contraindications for cannabis-based treatment of chronic pain including pregnancy and 

lactation, hypersensitivity to cannabis, being under age 18.25 Physicians are also encouraged to 

consider if a patient has a history of mental disorder, especially substance abuse and dependence 

and psychosis, or seizures or severe cardiac disorders,25 before prescribing cannabis. However, 

no medications have been considered contraindicated at this time.25 

In the U.S. there is a lack of clinical evidence and physician education or training to 

inform physicians of how to oversee patient use of cannabis, because of cannabis’s Schedule I 
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status.26 Similarly, the technology that exists to help physicians identify pharmaceutical 

contraindications fails to address cannabis contraindications in part because patients’ use of 

cannabis does not make it to the patient’s electronic medical record (EMR).27 Physician’s Desk 

Reference (or Prescriber’s Digital Reference, PDR) is a compilation of all the legally mandated 

information drug manufacturers must publish about their medications, including 

contraindications. While it is still available as a hardcopy book, it is also a free to access website 

and a free to download mobile application.28 The PDR has also been integrated into some EMR 

systems, which are electronic records of patient visits and medications. Adding the PDR to 

patient EMRs helps providers to make better prescribing decisions, because it allows the system 

to automatically populate medication warnings and contraindications. While it is a 

comprehensive resource, it is populated with only FDA-mandated information, which does not 

include Schedule I drugs.28 In order to find information about medications contraindicated for 

use with cannabis, prescribers must use another resource. 

 The most popular (in terms of web traffic29,30 and Google Trends31 searches) is 

Drugs.com, which maintains a Drug Information Database that compiles and peer-reviews 

medication information from the American Society of Health-System Pharmacists, Cerner 

Multum, IBM Watson Micromedex, Harvard Health Publications, the Mayo Clinic, and 

Animalytics (for veterinary medication applications).32 Drugs.com has been endorsed by the 

FDA as the “largest, most widely visited, independent medicine information website available on 

the internet.”32,33 Drugs.com lists 391 drugs as being known to interact with cannabis, including 

26 major, 365 moderate interactions.34 Major contraindications are defined by Drugs.com as 

“Highly clinically significant. Avoid combinations; the risk of the interaction outweighs the 
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benefit.” Moderate contraindications are defined by Drugs.com as “Moderately clinically 

significant. Usually avoid combinations; use it only under special circumstances.” 

An example of a drug contraindicated for use with cannabis is clobazam, which is used to 

treat some psychiatric indications and seizures caused by Lennox-Gastaut syndrome.35  Cannabis 

is contraindicated because one compound found in cannabis, Cannabidiol (CBD), inhibits a liver 

enzyme that is key to metabolizing clobazam.36 Thus, when CBD is combined with clobazam, 

studies show the liver takes up to three times as long to process clobazam, which can increase the 

potential for serious side effects such as coma, sedation, and life-threatening breathing 

problems.36 This is a major contraindication. 

 

2.6. PDMP overview and history 

Prescription Drug Monitoring Programs (PDMPs) have existed in some capacity as a way 

of tracking medication usage over the past hundred years.37 In more recent years, PDMPs refer to 

the electronic monitoring systems that track the prescription of controlled substances within 

states. While PDMPs follow a basic concept, there is some variation in the mechanisms and 

coverage of PDMPs. As states began to pass policies to reduce the high rates of opioid 

prescribing, policy makers pushed for more stringent PDMPs, placing requirements on the 

frequency of data collection and making PDMPs mandatory for physicians to access prior to 

writing a prescription for a controlled substance. As of 2020, 41 states have integrated patient 

EMRs with PDMPs, allowing clinicians to see patients’ prescribing histories.38 Also as of 2020, 

46 states mandate prescribers use PDMPs and 47 states collect data and update PDMPs every 

business day, many within five minutes of a prescription being written.38,39 Some states also 
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require pharmacists to check patients’ PDMPs before dispensing opioids, though not as many as 

require prescribers.38  

 Through tracking prescriptions, PDMPs allow physicians, pharmacists, health care 

officials and in some cases law enforcement and policy makers, to address dangerous opioid 

prescribing behaviors and patient opioid-seeking behaviors, such as “doctor-shopping” 

(obtaining overlapping prescriptions from different doctors for intended nonmedical use).40 

While they were not widely or universally used in states prior to the opioid epidemic, they 

quickly became a standard practice as a way of curbing excess opioid prescriptions and are 

credited with decreasing both opioid divergence and overprescribing by the CDC39 and some 

policymakers41 while the academic literature is still undecided.37,41–43 Some states that use a 

similar system to PDMPs to manage their medical cannabis card system have also integrated 

cannabis purchases into their PDMPs.  

 

2.7. Addition of cannabis to PDMPs 

As legal medical cannabis has become widespread in the United States, many reports 

show that cannabis-related emergency department visits have increased.44 One reason for the 

increase in cannabis-related emergency department visits is interactions between cannabis and 

medications that are contraindicated for use with cannabis.45 Under federal scheduling, 

physicians cannot prescribe medical cannabis, often forcing them to rely on their patients to tell 

them whether they use it. Patients may withhold their use of cannabis from their physician out of 

fear of judgment or fear of changes to their prescriptions.27  

A promising solution to this problem is the addition of cannabis to state PDMPs. Two of 

the first states to integrate cannabis into their PDMPs, New York and Connecticut, did this by 
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providing each dispensary and each cannabis product with unique identification numbers that can 

be entered into a PDMP submission.46 The dispensary numbers are similar to DEA license holder 

numbers and the cannabis product numbers are similar to the National Drug Code (NDC) 

product identification numbers that typically populate PDMP data. When cannabis products are 

sold to the end customer, the dispensaries are responsible for submitting purchase information 

directly to the PDMP, which allows the products to show up in the report.46  

Eight states, including states that have not integrated cannabis into their PDMP, require 

that prescribers review the PDMP for use of controlled substances before physicians can 

recommend cannabis to a patient (Florida, Pennsylvania, Louisiana, New York, Rhode Island, 

Utah, and Massachusetts).47 New York and Connecticut require the PDMP to be checked on both 

the prescriber end before a prescription is written and the dispensary end before the cannabis 

sale.46 Virginia, North Dakota, and Arizona have fully integrated dispensaries into PDMPs, 

similar to the system for New York and Connecticut, but do not have requirements about when it 

must be checked in regard to cannabis.48,47,49 Ohio integrates cannabis dispensary purchases into 

its PDMP and requires checking the PDMP occasionally throughout treatment.†47 The Illinois 

PDMP flags whether the patient has a medical cannabis card when prescribers check the PDMP, 

and checking the PDMP is required for dispensing controlled substances.50 Table 1 shows the 

cannabis PDMP integration status of each treated state. 

 

3. Mechanisms for how PDMP integration affects prescriptions 

                                                
† For opioids and benzodiazepines, prior to issuing the first prescription AND every 90 days as long as treatment 
continues; for other controlled substances (unclear if this includes cannabis), at the point it is known that therapy 
will continue for 12 weeks and annually as long as therapy continues.  
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Figures 1 and 2 describe the mechanism by which adding cannabis to the state PDMP 

changes the physician’s decision process for prescribing a contraindicated or controlled 

substance. Figure 1 shows the general process the physician or prescriber goes through before 

writing a prescription. When there are only pharmaceutical medications on a must-access PDMP, 

the physician goes through a streamlined process of diagnosing the patient, checking the PDMP 

for worrisome controlled substance behavior, checking for contraindications with any existing 

pharmaceuticals the patient is taking, then prescribing medication. 

However, as illustrated in Figure 2, adding cannabis to the PDMP has the potential to 

shock the physician out of their usual routine. The physician still has to repeat the process of 

diagnosing the patient, checking the PDMP for worrisome controlled substance behavior, 

checking for contraindications with any existing pharmaceuticals the patient is taking, then 

prescribing medication. But since cannabis is Schedule I, EMRs will not automatically flag 

medications contraindicated for use with cannabis, so to find any the physician likely has to 

consult an outside source, such as Drugs.com. If the physician has determined a medication the 

patient takes is contraindicated for use with cannabis, the physician must consider finding an 

alternative. Next, the physician must pause to consider whether he or she believes the patient is 

using cannabis as medicine, or misusing it as an illicit substance. If the physician sees cannabis 

as a medication, he or she may consider decreasing or eliminating the medication the patient is 

substituting cannabis for. If the physician sees cannabis as an illicit drug, he or she will consider 

limiting the patient’s access to other medications with potential for abuse, namely controlled 

substances. 

In the models that follow, I will show that adding cannabis to state PDMPs has the direct 

effect of decreasing prescriptions of medications contraindicated with cannabis. I will also show 
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that adding cannabis to state PDMPs has the spillover effect of decreasing prescriptions of 

controlled substances. My supplementary analyses demonstrate that these decreases are not 

driven by any one drug (such as oxycodone) or therapeutic drug class (such as opioids) and are 

robust to placebo testing. Adding cannabis to PDMPs introduces new information to prescribers, 

who are using this new information to change their prescribing. 

 

4. Data & Methodology 

4.1. Data 

The data used in this paper come from a restricted database of administrative health 

claims for members of a large national managed care company.  These administrative claims are 

submitted for payment by providers and pharmacies and are verified, adjudicated, adjusted, and 

de-identified. Only covered lives with both medical and prescription drug coverage are included. 

The database includes approximately 15-20 million annual covered lives of both commercial and 

Medicare Advantage claims and is ICD-10 compliant.  

This dataset provides excellent coverage, featuring an average of 350,000 enrollees per 

state-year observation and over 5% of the population in each state-year observation. Data on all 

prescription drug records of medications contraindicated for use with cannabis were extracted 

from the dataset. I use prescription drug records for the years 2013-2021. The outcome variables 

of interest are: severely contraindicated prescriptions per capita, severely contraindicated average 

day supply, moderately contraindicated prescriptions per capita, moderately contraindicated 

average day supply, Schedule II prescriptions per capita, Schedule II average day supply, 

Schedule III prescriptions per capita, Schedule III average day supply, Schedule IV prescriptions 

per capita, and Schedule IV average day supply. All outcome variables are aggregated at the 
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state-year level. 

 I collected data from the PDMP Teaching and Technical Assistance Center, which 

conducts a biannual survey of state PDMP directors. The survey asked respondents whether 

cannabis was included on their PDMPs in 2018 and 2020, but did not ask when cannabis was 

added to the PDMP or how much information the PDMP contains regarding the patient’s 

cannabis use (program participation versus dispensary purchase information, for example). So, I 

isolated the cannabis-related variables and independently contacted the survey respondents to 

validate and clarify their responses.  

 Information regarding cannabis-drug interactions and contraindications was collected 

from Drugs.com. Drugs.com compiles and peer-reviews medication information from the 

American Society of Health-System Pharmacists, Cerner Multum, IBM Watson Micromedex, 

Harvard Health Publications, and the Mayo Clinic.32 Drugs.com has been endorsed by the FDA 

as the “largest, most widely visited, independent medicine information website available on the 

internet.”32,33 Additionally, website traffic analysis shows Drugs.com is the #2 pharmacy website 

in the United States, second to cvs.com, which does not offer information about cannabis-drug 

contraindications, and has over 30 million visitors per month in the US.30 Finally, a search of 

“drugs.com” with its two biggest competitors for sharing contraindication information 

“goodrx.com” and “webmd.com” on Google Trends shows that for the duration of the study 

period, drugs.com was by far the most popular to search.51 This provides support for drugs.com 

as a likely source of contraindication information for prescribers. 

I use nationally-representative private prescription medication claims records covering 

the period from January 2013 to September 2021 to evaluate if access to knowledge of patient 
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cannabis use through a state cannabis PDMP changes the number and rate of prescriptions of 

contraindicated medications, using several methodological frameworks.  

 

4.2. Methods and Empirical Models 

I evaluate the impact of adding cannabis to state PDMPs by comparing changes in 

prescription fills of medications contraindicated for use with cannabis and controlled substances 

in states that added cannabis to their PDMP to changes in states that did not add cannabis to their 

PDMP. States-year observations without open dispensaries are omitted. 

A standard difference-in-differences model is used to compare patient prescriptions 

before and after cannabis was added to PDMPs, where the pre-period includes only quarters 

when patients in the state had access to medical cannabis through legally operating dispensaries 

and the post-period begins when the state adds cannabis to the PDMP.  

 

Baseline Model 

My baseline models were estimated using (Pseudo-)Poisson regression models with 

multiple high-dimensional fixed effects (using the Stata 16 package ppmlhdfe), state-level 

population weights, state covariates, and with standard errors clustered at the state level.  

Specifically, I estimate the following equation: 

          ,        (1) 

where the rate of prescription fills in a state is a function of whether a state has added cannabis to 

their state PDMP, plus a vector of state covariates and state and year fixed effects. A population 

weight was added in order to give states with a larger population more weight in the results. 

Observations are aggregated to the state-year level and state-year observations without open 
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dispensaries are excluded. Included in the vector of state covariates is a binary variable 

indicating if the state has a must-access PDMP. 

 

Primary Analysis 

Following the developments in the difference-in-difference literature about the 

inappropriateness of two-way fixed-effects models to detect treatment effects in natural 

experiments with heterogeneous treatment timing, I use Callaway and Sant’Anna’s (2021) 

estimator (using the Stata 16 package csdid).  Callaway and Sant’Anna’s estimator csdid uses 

treatment group aggregations proposed in Callaway and Sant’Anna (2021) to give larger and 

more precise estimates more weight while decreasing the weight of estimates based on smaller or 

less precise observations.53  

Additionally, it allows me to compute estimates comparing treated states to never treated 

states or comparing states treated to both never treated and not yet treated states. Estimates were 

computed both ways and the results were consistent regardless of whether not yet treated states 

were included. Given the documented weaknesses of treatment effects detected using two-way 

fixed-effects (TWFE) models, I rely on the Callaway and Sant’Anna models as my primary 

analysis, however, results from the TWFE (Pseudo-)Poisson regression models can be seen in 

the Appendix. 

Specifically, I estimate the following equation: 

            ,      (2)   
 

where the rate of prescription fills in a state is a function of whether a state has added cannabis to 

their state PDMP, and state and year fixed effects. Observations are aggregated to the state-year 

level and state-year observations without open dispensaries are excluded. 
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       ,     (3) 

The Callaway and Sant’Anna difference-in-difference calculates the treatment effect for 

each individual state and produces regression estimates for all possible comparisons. Then, it 

applies a unique weighting strategy where wg,t is a weight of how much information was used to 

estimate ATT(g,t) and larger and more precise estimators receive more weight in the final 

calculated ATT.53 

 

4.3 Additional Considerations 

Event studies at the year level are provided for both regression estimators. Event studies 

using the estimates produced using Callaway and Sant’Anna’s estimator represent ATTs for all 

treated cohorts estimated using csdid in Stata 16, three years before and after medical cannabis 

was added to state PDMPs. Callaway and Sant’Anna event study graphs were generated from the 

ATT averages by year using event_plot in Stata 16. Analysis included in this paper was 

conducted at the state-year level. The data were available at either the individual, ZIP5, or state 

level and while county-level may have been advantageous to have additional data points, the 

tradeoff of lost precision from using a ZIP-to-FIPS crosswalk was not worth the potential added 

geographic detail. Additionally, since I was evaluating a state policy, I chose to evaluate the 

impact on the state as a whole. 

While Callaway and Sant’Anna’s estimator allows for the estimation of individual cohort 

effects, due to the heterogenous treatment timing of adding cannabis to PDMPs (before, while, or 

after a medical cannabis dispensary is open), I supplement these analyses with Borusyak, Jaravel, 

and Spiess (2021) “imputation-based estimator.”55 Borusyak et al.’s did_imputation command 
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estimates a TWFE regression of the untreated groups with K leads of the treatment to predict a 

counterfactual or placebo.56 Then estimates of the treatment effect are obtained by subtracting 

their counterfactual to their actual outcome. Since there is heterogeneity in the time between 

states opening cannabis dispensaries and adding cannabis to the PDMP, analyses using the 

Borusyak et al. estimator provides evidence that the treatment effect is not dependent on a 

specific period of medical dispensary access prior to addition of cannabis to PDMPs. The results 

for these estimates can be seen in Figures 7 and 8. 

One perceived limitation may be the interaction between the number of insurance 

enrollees represented in the data and the number of medical cannabis users per state, since 

national managed care organizations tend to have regions where they are more or less dominant 

of the health insurance market. I address this with a two-step process. First, I collected the 

enrollee count by state and year and omitted states from analysis if the enrollee count captured 

less than 2% of the state population. I did this out of concern of endogeneity in the patient 

selection of this health insurance, if the managed care organization provided health insurance to 

a comparatively small proportion of the state population. Second, I assembled state counts of 

medical cannabis card holders. While I was not able to retrieve counts for each state-year 

observation in the sample, I retrieved them at two years throughout the sample, for each state. I 

then made back-of-the-envelope calculations and determined what the potential treatment effect 

could be, per state, based on a range of the number of enrollees who were also medical cannabis 

cardholders. Based on the results of my calculation, I omitted one treated state from analysis due 

to limitations in detecting a treatment effect: Virginia had a lower number of enrollees and too 

few medical cannabis cardholders to detect a treatment effect. I considered omitting Louisiana 

due to the low number of medical cannabis cardholders, however the managed care company is 
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comparatively dominant in this state, and the back-of-the-envelope calculation determined I 

should still be able to detect a treatment effect. I followed up my back-of-the-envelope 

calculations by doing “leave one out” analysis, comparing my results with and without Louisiana 

and feel confident including this state. 

 

4.4. Descriptive Statistics 

Descriptive statistics can be found in Table 2. All state-year observations included in the 

primary analysis have medical cannabis dispensaries open. About one third of state-year 

observations had a mandatory PDMP in operation. About one quarter of state-year observations 

had policies allowing adult recreational use cannabis in effect. Cannabis was included on the 

state PDMP in 13% of state-year observations. The descriptive statistics also include the number 

and rates per capita of contraindicated prescriptions by group, and separately by drug for 

severely contraindicated medications. 

 

5. Results 

Table 3 shows the effect of adding cannabis to state PDMPs on prescription fills of 

contraindicated medications in terms of prescription rate per capita and the day supply per 

prescription, stratified by level of contraindication. The prescription rate of severely 

contraindicated medications shows a marginally significant 6.3% decrease (p=0.105). The day 

supply of severely contraindicated medications shows a 15.1% decrease (p<0.02). Moderately 

contraindicated medications showed an 8.9% decline in the prescription rate per capita (p<0.01) 

and a 12.2% decline in day supply per capita (p<0.02). The state prescription rate of all 
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contraindicated medications decreased by 12.5% (p<0.05) and the day supply per capita 

decreased by 8.7% (p<0.01). 

 Event study graphs for the change in prescription fills of contraindicated medications can 

be seen in Figure 3. The event study graphs confirm the regression results, showing a decline for 

the prescription rate of severely contraindicated medications, though with zero within the 95% 

confidence interval, as might be expected with marginally significant results. The event study 

graphs for the other outcomes show a fairly stable period of no change during the three years 

leading up to cannabis being added to the state PDMP, albeit with some noise around one year 

before the policy. The post-policy period for severely contraindicated day supply, both 

moderately contraindicated outcomes, and both all contraindicated outcomes show a steady 

decline in the prescription fills during the three years post policy. 

Results for changes in prescription fills of controlled substances can be seen in Table 4. 

The prescribing rate of Schedule II medications saw a marginally significant 6.1% decline 

(p<0.10) and the day supply of Schedule II medications saw a 17% decrease (p<0.01). While the 

prescribing rate did not appear to change for Schedule III and Schedule IV medications, the day 

supply of prescription fills did decrease by 30% (p<0.01) and 20.3% (p<0.01), respectively. 

Event study graphs for the change in prescription fills of controlled medications after 

cannabis was added to state PDMPs can be seen in Figure 4. As might be expected given the 

regression results, there does not appear to be a decline in the prescription fills of Schedule III 

and Schedule IV medications as a result of the policy. The prescription rate of Schedule II 

medications does appear to be declining, however zero remains in the confidence interval for the 

post-policy adoption period. The day supply for all three Schedules does appear to be declining, 
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particularly for Schedule III medications, which were estimated as showing a 30% decrease 

during the study period in the regression results. 

Tables 5 and 6 show statistically significant results for virtually all outcomes and were 

calculated using (Pseudo-)Poisson regression models with multiple high-dimensional fixed 

effects. Similarly, the corresponding event study graphs (Figures 5 and 6) also show statistically 

significant decreases for all outcomes. Figure 5 and 6 also generally detect less of a lag in the 

response of prescription fills to the policy and show statistically significant declines often in the 

first year of the policy. Conversely, the estimates produced by Borusyak et al.’s imputation DID 

(Tables 7 and 8), and their corresponding event study graphs (Figures 7 and 8) show the most 

conservative estimates. 

 

6. Robustness Checks 

 While I selected the state-year level analysis to analyze how the state-level policy is 

impacting the state as a whole, I also conduct analyses at the individual-year level and show the 

results are of similar directions and magnitudes. These results can be seen in Appendix Figures 1 

and 2. 

In order to investigate if these results are being driven by a particular drug (ie., 

oxycodone) or a particular therapeutic class of drugs (ie., opioids), event study graphs by 

therapeutic class for all contraindicated medications and by drug for the severely contraindicated 

medications are included in the Appendix (Appendix Figures 3 and 4 respectively).  

To provide an examination of the robustness of the estimates presented in the results 

section, I conduct a placebo test where I randomly assigned treatment to non-treated states.57 I 

dropped any state that added cannabis to its PDMP during the study period (note: to date, no 
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states have added cannabis to their PDMPs in the post-study period). I randomly assigned policy 

adoption dates to seven states from the never treated group. I verified that the treated 

observations comprised the same percent of the observations as in the real sample. I then 

performed an additional Callaway and Sant’Anna difference-in-difference, using the same 

specifications as in the results. Results can be found in Appendix Figures 5 and 6.  

 

7.  Discussion 

This project presents statistically significant evidence that physicians appear to be using 

patient cannabis use information from state PDMPs in order to make prescribing decisions about 

medication contraindicated for use with cannabis.  

Although it is somewhat unintuitive that moderately contraindicated medications are 

decreasing with more statistical significance than severely contraindicated medications, given 

that severely contraindicated medications are more dangerous, it may be due to the number of 

medications. There are over 300 medications moderately contraindicated with cannabis and 

fewer than 30 medications severely contraindicated with cannabis. Thus, the larger number of 

moderately contraindicated cannabis means more prescription records and less noise. 

An interesting spillover effect appears to be the impact cannabis additions to PDMPs 

have had on the prescribing of controlled medications. While there does not appear to be a safety 

concern regarding combining cannabis with many controlled substances (with the exception of 

opioids, which are contraindicated for use with cannabis), prescribing rates of these medications 

are decreasing. One reason may be that since substances included in the Controlled Substances 

Act are legally considered to have a higher potential for abuse, seeing a patient has access to 
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cannabis may trigger the fear that patients are seeking medications for abuse, leading physicians 

to decrease their willingness to prescribe controlled substances.† 

The event study graphs for all contraindicated outcomes that show a decline indicate that 

the changes in prescribing behavior are happening 1-2 years after cannabis is added to state 

PDMPs. This may be explained by the fact that it takes physicians a year or more to receive 

education about the update to the PDMP, learn about how cannabis interacts with specific 

medications, and start incorporating it into practice. Schedule II and III day supply variables 

appear to show a shorter lag in the response of prescriber behavior, this provides support for the 

idea that physicians are applying a rule of thumb about prescribing controlled medications when 

they know their patient has access to medical cannabis, rather than having to seek out new 

information before adjusting their behavior. 

Interestingly there is stronger evidence of prescriptions decreasing for Schedule II 

medications than for Schedule III and IV. This may be due to the higher DEA rating, which 

indicates a higher potential for abuse of those medications. Schedule III and IV medications 

show a strong decline in day supply. This may indicate that prescribers do not see these 

medications as potentially dangerous as Schedule II medications, therefore they are not 

decreasing the number of prescriptions they write, but instead decreasing the number of pills per 

prescription. 

While this paper provides evidence of the potential adding cannabis to PDMPs has for 

improving the safety of cannabis use concomitantly with pharmaceuticals, it also highlights the 

potential for patients to be denied life-improving medication due to use of cannabis.  

 

                                                
† Anecdotal evidence from personal discussions with prescribers suggests some providers are following a rule of 
denying prescriptions for controlled substances if cannabis use is documented on the PDMP. 
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8. Limitations 

This study has several limitations. First, it is possible that patients frequently disclose 

their cannabis use to physicians, making PDMPs redundant. It is also possible that the lack of 

formal training surrounding cannabis-drug interactions prevent physicians from knowing when 

they should recommend a change of medication, in the presence of patient cannabis usage. 

Second, this study faces heterogeneity in the time between the implementation of medical 

cannabis access and the implementation of the cannabis PDMP. As mentioned in the Methods 

section, this is addressed by using a variety of estimators, however it is still worth considering a 

limitation. 

 Another limitation might be that recreational or adult use cannabis being legal may 

decrease utilization of medical cannabis. Both Arizona and Illinois have cannabis PDMPs and 

legal adult use cannabis. However, Arizona legalized adult use cannabis more than three years 

after adding cannabis to their state PDMP, so it is outside of the study period. While adult use 

was legalized during the study period in Illinois, the main concern to adding adult use cannabis is 

that patients would stop updating their medical cannabis card, and then their purchases would no 

longer show up in the PDMP. However, I argue that because of the substantial benefits medical 

cannabis cardholders are offered over recreational cannabis users in Illinois, namely having 2.5 

times the possession limit, being guaranteed cannabis before recreational purchasers to prevent 

medical supply shortages, and being exempt from the 25% excise tax and 10-25% purchaser’s 

tax by THC potency,58 and thus are strongly incentivized to keep their medical cannabis 

registration up to date. 

 

9. Conclusion 
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This work presents evidence that adding cannabis to a state PDMP may impact physician 

prescribing decisions involving medications that are contraindicated for use with cannabis. 

Combining contraindicated medications with cannabis can have dangerous, or even potentially 

life-threatening, results, thus providing physicians with more information regarding cannabis use 

is an important step to improve the safety of medical cannabis use. In addition, I also provide 

evidence that a spillover effect of adding cannabis to PDMPs is the decrease of prescription fills 

of controlled medications, in terms of the number of prescriptions per capita and the day supply 

per prescription.  
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Tables & Figures 
 
 
Table 1: Policy for States with Cannabis Integrated PDMP 
State Cannabis PDMP Policy 

AZ Fully integrated cannabis PDMP, no explicit cannabis checking requirements  

CT Fully integrated cannabis PDMP, checked on both the prescriber end and the 
dispensary end 

IL Indicator for medical cannabis card, no explicit cannabis checking requirements 

LA Fully integrated cannabis PDMP, provider required to check before recommending 
cannabis 

NY Fully integrated cannabis PDMP, checked on both the prescriber end and the 
dispensary end 

ND Fully integrated cannabis PDMP, no explicit cannabis checking requirements  

OH Fully integrated cannabis PDMP, no explicit cannabis checking requirements  

UT Fully integrated cannabis PDMP, provider required to check before recommending 
cannabis 

VA Fully integrated cannabis PDMP, no explicit cannabis checking requirements  
 
 
Table 2: Descriptive Statistics for All Variables of Interest Table 1: Means for all variables of 
interest 
 Mean 
Number of All Contraindications Rx 192527.53 
Number of Severe Contraindications Rx 17743.50 
Number of Moderate Contraindications Rx 174784.031 
Number of Schedule II Rx 21415.55 
Number of Schedule III Rx 4086.61 
Number of Schedule IV Rx 8777.95 
Number of enrollees 359880.61 
Number of enrollees - CPDMP 553275.38 
Mandatory Access PDMP 0.30 
Cannabis on PDMP 0.13 
Medical Cannabis Dispensary Open 1.00 
Adult Use Cannabis Legal 0.40 
Observations 215 
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Table 3: Prescription Fills of Contraindicated Medications – Medical Cannabis Addition to 
PDMPs, Callaway and Sant’Anna Estimator ATT 

 Rx Rate Day Supply 

Severely Contraindicated   

Cannabis Addition to PDMP -0.063 -0.151*** 

(-1.63) (-2.32) 

Observations 186 186 

Moderately Contraindicated   

Cannabis Addition to PDMP -0.089*** -0.122** 

(-2.87) (-2.48) 

Observations 186 186 

All Contraindicated   

Cannabis Addition to PDMP -0.125** -0.087*** 

(-2.47) (-2.74) 

Observations 186 186 
Regression coefficients represent post-average ATTs for all treated cohorts estimated using csdid in Stata 16, three 
years before and after medical cannabis was added to state PDMPs. Z scores in parentheses. Each row represents 
separate regression estimates. Coefficients represent semi-elasticities. Results in this table reflect the 
comparison of treated states to states that were never treated during the study period.   
* p<0.10, ** p<0.05, *** p<0.01 
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Table 4: Prescription Fills of Contraindicated Medications – Medical Cannabis Addition to 
PDMPs, Callaway and Sant’Anna Estimator ATT 
 Rx Rate Day Supply 

Schedule II   

Cannabis Addition to PDMP -0.061* -0.17*** 

(-1.66) (-2.83) 

Observations 186 186 

Schedule III   

Cannabis Addition to PDMP -0.056 -0.30*** 

(-0.92) (-3.50) 

Observations 186 186 

Schedule IV   

Cannabis Addition to PDMP -0.041 -0.203*** 

(-1.47) (-2.90) 

Observations 186 186 
Regression coefficients represent post-average ATTs for all treated cohorts estimated using csdid in Stata 16, three 
years before and after medical cannabis was added to state PDMPs. Z scores in parentheses. Each row represents 
separate regression estimates. Coefficients represent semi-elasticities. Results in this table reflect the 
comparison of treated states to states that were never treated during the study period.   
* p<0.10, ** p<0.05, *** p<0.01  
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Figure 1: Physician process of prescribing medication, without cannabis on state PDMP 

 
 
Figure 2: Physician process of prescribing medication, with cannabis on state PDMP 
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Figure 3: Implementation of Cannabis PDMPs and Prescription of Contraindicated Medications, 
in Day Supply of prescriptions and Number of Prescriptions, per Capita (Calloway and 
Sant’Anna, 2021) 

 
Event studies from model represent ATTs for all treated cohorts estimated using csdid in Stata 16, three years before 
and after medical cannabis was added to state PDMPs. Graphs were generated using event_plot in Stata 16. Dots 
indicate the coefficient on the aggregated ATT for quarters prior to and after medical cannabis dispensaries opened; 
shading represents the 95% confidence intervals. 
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Figure 4: Implementation of Cannabis PDMPs and Prescription of Controlled Medications, in 
Day Supply of prescriptions and Number of Prescriptions, per Capita (Calloway and Sant’Anna, 
2021) 

 
Event studies from model represent ATTs for all treated cohorts estimated using csdid in Stata 16, three years before 
and after medical cannabis was added to state PDMPs. Graphs were generated using event_plot in Stata 16. Dots 
indicate the coefficient on the aggregated ATT for quarters prior to and after medical cannabis dispensaries opened; 
shading represents the 95% confidence intervals. 
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Table 5: Prescription Fills of Contraindicated Medications – Medical Cannabis Addition to 
PDMPs, (Pseudo-)Poisson regression models with multiple high-dimensional fixed effects 
 Rx Rate Day Supply 

Severely Contraindicated   

Cannabis Addition to PDMP -0.080** -0.089 

(-3.09) (-1.86) 

Observations 214 214 

Moderately Contraindicated   

Cannabis Addition to PDMP -0.092*** -0.081 

(-3.60) (-1.65) 

Observations 214 214 

All Contraindicated   

Cannabis Addition to PDMP -0.091*** -0.083 

(-3.59) (-1.69) 

Observations 214 214 
T statistics in parentheses. Each row represents separate regression estimates. Coefficients are from fixed 
effects Poisson models of any prescribing in county per quarter. Coefficients represent semi-elasticities. Also 
included by not shown are a full set of quarter by year and FIPS fixed effects and a county-level population 
weight. Standard errors are estimated using a Huber/White robust estimator. All models include the following 
county-level covariates: Must-access PDMP, County population, Black % population, Hispanic % population, 
Other race % population, Male % population, Median income, Uninsured % population, Unemployment rate, 
Active MDs per 1000 population. * p<0.10, ** p<0.05, *** p<0.01 
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Table 6: Prescription Fills of Controlled Medications – Medical Cannabis Addition to PDMPs, 
(Pseudo-)Poisson regression models with multiple high-dimensional fixed effects 
 Rx Rate Day Supply 

Schedule II   

Cannabis Addition to PDMP -0.075** -0.094* 

(-3.17) (-2.19) 

Observations 214 214 

Schedule III   

Cannabis Addition to PDMP -0.064* -0.232*** 

(-2.31) (-3.57) 

Observations 214 214 

Schedule IV   

Cannabis Addition to PDMP -0.054*** -0.127* 

(-3.40) (-2.30) 

Observations 214 214 
T statistics in parentheses. Each row represents separate regression estimates. Coefficients are from fixed 
effects Poisson models of any prescribing in county per quarter. Coefficients represent semi-elasticities. Also 
included by not shown are a full set of quarter by year and FIPS fixed effects and a county-level population 
weight. Standard errors are estimated using a Huber/White robust estimator. All models include the following 
county-level covariates: Must-access PDMP, County population, Black % population, Hispanic % population, 
Other race % population, Male % population, Median income, Uninsured % population, Unemployment rate, 
Active MDs per 1000 population. * p<0.10, ** p<0.05, *** p<0.01 
 
Figure 5: Implementation of Cannabis PDMPs and Prescription of Severely and Moderately 
Contraindicated Medications in Day Supply of prescriptions and Number of Prescriptions, per 
Capita 
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All event studies were estimated with indicator variables for quarters prior to and after access to CPDMPs began. 
The pre-policy periods begin when medical cannabis dispensaries open. State-level covariates are not included but 
two-way fixed effects at the quarter/year- and state-levels are. Coefficients are from fixed effects (Pseudo-) Poisson 
models and represent semi-elasticities.  Dots indicate the coefficient on the indicator variable for quarters prior to 
and after CPDMP access began; whiskers represent the 95% confidence intervals.  
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Figure 6: Implementation of Cannabis PDMPs and Prescription of Controlled Medications, in 
Day Supply of prescriptions and Number of Prescriptions, per Capita 

 
 
All event studies were estimated with indicator variables for quarters prior to and after access to CPDMPs began. 
The pre-policy periods begin when medical cannabis dispensaries open. State-level covariates are not included but 
two-way fixed effects at the quarter/year- and state-levels are. Coefficients are from fixed effects (Pseudo-) Poisson 
models and represent semi-elasticities.  Dots indicate the coefficient on the indicator variable for quarters prior to 
and after CPDMP access began; whiskers represent the 95% confidence intervals.  
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Table 7: Prescription Fills of Contraindicated Medications – Medical Cannabis Addition to 
PDMPs - Borusyak, Jaravel, and Spiess (2021) 
 Rx Rate Day Supply 

Severely Contraindicated   

Cannabis Addition to PDMP -0.061 -0.120 

(-1.18) (-1.22) 

Observations 194 194 

Moderately Contraindicated   

Cannabis Addition to PDMP -0.092** -0.113 

(-2.14) (-1.65) 

Observations 194 194 

All Contraindicated   

Cannabis Addition to PDMP -0.114 -0.089** 

(-1.63) (-2.05) 

Observations 194 194 
Z scores in parentheses. Each row represents separate regression estimates. Counties in states adopting MCLs 
prior to 2006 are excluded from the analysis. Coefficients represent semi-elasticities. Results in this table 
reflect the comparison of treated counties to counties that were never treated during the study period.   
* p<0.10, ** p<0.05, *** p<0.01 
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Table 8: Prescription Fills of Contraindicated Medications – Medical Cannabis Addition to 
PDMPs - Borusyak, Jaravel, and Spiess (2021) 
 Rx Rate Day Supply 

Schedule II   

Cannabis Addition to PDMP -0.067 -0.134 

(-0.71) (-1.65) 

Observations 194 194 

Schedule III   

Cannabis Addition to PDMP -0.050 -0.30*** 

(-0.92) (-2.50) 

Observations 194 194 

Schedule IV   

Cannabis Addition to PDMP -0.038 -0.172** 

(-1.08) (-2.23) 

Observations 194 194 
Z scores in parentheses. Each row represents separate regression estimates. Counties in states adopting MCLs 
prior to 2006 are excluded from the analysis. Coefficients represent semi-elasticities. Results in this table 
reflect the comparison of treated counties to counties that were never treated during the study period.   
* p<0.10, ** p<0.05, *** p<0.01 
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Figure 7: Implementation of Cannabis PDMPs and Prescription of Severely and Moderately 
Contraindicated Medications in Day Supply of prescriptions and Number of Prescriptions, per 
Capita - Borusyak, Jaravel, and Spiess (2021) estimator 

 
All event studies were estimated with the Stata 17 package did_imputation, a package for estimating causal effects 
& testing for pre-trends with the imputation method of Borusyak et al. and graphed using event_plot. Coefficients 
are from fixed effects (Pseudo-) Poisson models and represent semi-elasticities.  Dots indicate the coefficient on the 
indicator variable for quarters prior to and after CPDMP access began; shading represent the 95% confidence 
intervals.  
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Figure 8: Implementation of Cannabis PDMPs and Prescription of Controlled Medications, in 
Day Supply of prescriptions and Number of Prescriptions, per Capita - Borusyak, Jaravel, and 
Spiess (2021) estimator 

 
All event studies were estimated with the Stata 17 package did_imputation, a package for estimating causal effects 
& testing for pre-trends with the imputation method of Borusyak et al. and graphed using event_plot. Coefficients 
are from fixed effects (Pseudo-) Poisson models and represent semi-elasticities.  Dots indicate the coefficient on the 
indicator variable for quarters prior to and after CPDMP access began; shading represent the 95% confidence 
intervals.  
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Appendix 
 
1. Alternative Specifications of Main Analysis 
 
Appendix Figure 1: Implementation of Cannabis PDMPs and Prescription of 
Contraindicated Medications, in Day Supply of prescriptions and Number of Prescriptions, 
per Capita – Callaway and Sant’Anna (2021) - Individual Level 

 
Event studies from model represent ATTs for all treated cohorts estimated using csdid in Stata 16, three years before 
and after medical cannabis was added to state PDMPs. Graphs were generated using event_plot in Stata 16. Dots 
indicate the coefficient on the aggregated ATT for quarters prior to and after medical cannabis dispensaries opened; 
shading represents the 95% confidence intervals. 
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Appendix Figure 2: Implementation of Cannabis PDMPs and Prescription of Controlled 
Medications, in Day Supply of prescriptions and Number of Prescriptions, per Capita – 
Callaway and Sant’Anna (2021) - Individual Level 

 
Event studies from model represent ATTs for all treated cohorts estimated using csdid in Stata 16, three years before 
and after medical cannabis was added to state PDMPs. Graphs were generated using event_plot in Stata 16. Dots 
indicate the coefficient on the aggregated ATT for quarters prior to and after medical cannabis dispensaries opened; 
shading represents the 95% confidence intervals. 
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2. Subanalysis by Therapeutic Class 
Appendix Figure 3: Event Study of Cannabis PDMPs and Prescriptions for All 
Contraindicated Medications, by Therapeutic Class: Day Supply per Rx, per Capita 
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3. Drug-Level Subanalysis Results 
Figure 4:  Event Study of Cannabis PDMPs and Prescriptions for Severely Contraindicated 
Medications, by Drug: Day Supply per Capita 

 
All event studies were estimated with indicator variables for quarters prior to and after access to CPDMPs began. 
The pre-policy periods begin when medical cannabis dispensaries open. State-level covariates are not included but 
two-way fixed effects at the quarter/year- and state-levels are. Coefficients are from fixed effects (Pseudo-) Poisson 
models and represent semi-elasticities.  Dots indicate the coefficient on the indicator variable for quarters prior to 
and after CPDMP access began; whiskers represent the 95% confidence intervals.  
  



 

48 
 

4. Placebo Test of Main Analysis 
 
Appendix Figure 5: Implementation of Cannabis PDMPs and Prescription of 
Contraindicated Medications, in Day Supply of prescriptions and Number of Prescriptions, 
per Capita – Callaway and Sant’Anna (2021) – Placebo Test 

 
Event studies from model represent ATTs for all treated cohorts estimated using csdid in Stata 16, three years before 
and after medical cannabis was added to state PDMPs. Graphs were generated using event_plot in Stata 16. Dots 
indicate the coefficient on the aggregated ATT for quarters prior to and after medical cannabis dispensaries opened; 
shading represents the 95% confidence intervals. 
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Appendix Figure 6: Implementation of Cannabis PDMPs and Prescription of Controlled 
Medications, in Day Supply of prescriptions and Number of Prescriptions, per Capita – 
Callaway and Sant’Anna (2021) – Placebo Test 

 
Event studies from model represent ATTs for all treated cohorts estimated using csdid in Stata 16, three years before 
and after medical cannabis was added to state PDMPs. Graphs were generated using event_plot in Stata 16. Dots 
indicate the coefficient on the aggregated ATT for quarters prior to and after medical cannabis dispensaries opened; 
shading represents the 95% confidence intervals. 
 
 


