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Rationale, aims and objectives: Between January 2016 and March 2019, an estimated 12,800 Canadians died from an opioid-related overdose. A contributing factor has been the abuse of legally obtained prescription opioids. The use of plant derived cannabinoids for chronic pain has been growing in recent years. In October 2018, recreational cannabis became legal in Canada, which resulted in increased access and a reduction in the stigma associated with usage. The purpose of this study was to assess trends in the amount and total cost of opioid prescribing in Canada prior to and following cannabis legalization.
Methods:  National monthly prescription claims data for public and private payers were obtained from January 2016 to June 2019. The drugs evaluated consisted of morphine, codeine, fentanyl, hydrocodone, hydromorphone, meperidine, oxycodone, tramadol and the non-opioids gabapentin and pregabalin. All opioid volumes were converted to a mean morphine equivalent dose (MED)/claim.  Gabapentin and pregabalin claims data were analyzed separately from the opioids. Time series regression modelling was undertaken with dependent variables being mean MED/claim and total monthly spending. The slopes of the time series curves were then compared pre vs. post cannabis legalization.
Results: Over the 42-month period, the mean MED/claim declined within public plans (p < 0.001). However, the decline in MED/claim was 5.4 times greater in the period following legalization (4.1 vs. 22.3 mg/claim). Total monthly opioid spending by public payers was also reduced to a greater extent post legalization ($95,000 vs. $267,000 per month). The findings were similar for private drug plans; however, the absolute drop in opioid use was more pronounced (30.8 mg/claim pre vs. 76.9 mg/claim post). Over the 42-month period, gabapentin and pregabalin usage also declined.
Conclusions:  Our findings support the hypothesis that easier access to cannabis for pain may reduce opioid use for both public and private drug plans.

INTRODUCTION
	One of the most serious public health crises over the past decade in Canada has been opioid addiction and abuse. Indeed, between January 2016 and March 2019, an estimated 12,800 Canadians died from an opioid-related overdose.1 A contributing factor has been the abuse of legally obtained prescription opioids.2 In one epidemiological study focusing on British Columbia and Ontario, the annual rate of fentanyl, hydromorphone, morphine and oxycodone prescribing  (defined as the daily doses per 1000 population) was strongly correlated with mortality (based on provincial coroners' cause of death data).3 Death rates from opioid overdose were also significantly higher in jurisdictions with higher levels of opioid prescribing.  The investigators concluded that new approaches and policies are needed to reduce opioid prescription volumes.3  This is particularly relevant to Canada from a public health perspective because on a per capita basis, Canadians are among the highest consumers of opioids globally, with approximately 595 prescriptions per 1,000 population.4 Therefore, medical opioid utilization should be limited and minimized to safer levels whenever possible and early alternatives explored. Particularly, patients with chronic pain may benefit from safer options with no or less addictive potential.
	The use of plant derived cannabinoids for medical purposes has been growing in recent years, particularly for the management of chronic pain. There are studies suggesting that cannabinoids can reduce pain intensity, improve quality of life and reduce or eliminate the need for opioid analgesics.5,6 In one prospective cohort study conducted in Israel by Abuhasira et al.,7 1186 elderly patients with chronic pain from various causes were started on medical cannabis and followed for six months.  Data collection at baseline and at six months included pain medication, pain intensity measured on a numeric visual analogue scale (i.e. from 0 to 10), perception of the general effect of cannabis using a 7-point Likert scale (i.e. significant deterioration to significant improvement) and overall safety.6 At the end of six months, the investigators reported a statistically significant drop in pain intensity; from a median of 8 at baseline to 4 (p < 0.01).  In addition, 66.8% of respondents reported a high pain intensity score (i.e. ≥ 8 units) at the initiation of cannabis compared to only 7.6% after six months (p < 0.01).  Overall, 78.6% of patients had a moderate or significant improvement in their condition after six months of adjunctive cannabis therapy.  Of equal importance, 14.4% of patients stopped using opioid analgesics and a further 3.7% reduced their dose. Other drugs eliminated included: other analgesics (7.3%), benzodiazepines (7.5%) and neuropathic pain drugs (4%).7 The retention rate of the initiated Cannabis therapy was high. Overall, 10.8% of patients discontinued their medical cannabis for various reasons, but only 1.4% was due to side effects. Abuhasira et al., concluded that medical cannabis was safe, effective and able to reduce or eliminate the need for opioid analgesics in some patients with chronic pain.7
	Other studies have suggested that the legalization of cannabis can reduce prescription drug use for a wide range of conditions such as anxiety, depression, nausea, seizures and especially chronic pain.8 One study from the United States reported a 13% reduction in prescriptions for pain drugs in those states with legalized medical cannabis when compared to those states where cannabis remained illegal (p < 0.01). This corresponded to an annual cost savings of approximately $500 million over the first four years post legalization.9 On October 17, 2018, recreational cannabis became legal in Canada, which resulted in increased access and a reduction in the stigma associated with its use. The impact of full cannabis legalization on the prescribing of opioids in Canada has not been formally evaluated. Therefore, the purpose of the current study was to assess trends in the amount and total cost of opioid prescribing in Canada prior to and following the legalization of cannabis. Our hypothesis was that cannabis legalization was associated with a statistically significant reduction in both the amount and total cost of opioid prescribing in Canada.



METHODS
Canada-wide monthly prescription claims data for both public and private drug plans were obtained from IQVIA PharmaStat for January 2016 to June 2019. The public data accounted for 100% of all opioid claims from all provinces, except for Alberta and Nova Scotia, where only 80% and 82% of the claims were available.  In addition, no public payer data was available for the province of Prince Edward Island. With respect to private drug insurance coverage, the data covered approximately 82% of plans nationally. The data comprised of the number of prescription claims, units per claim and drug costs reimbursed per month. The agents consisted of morphine, codeine, fentanyl, hydrocodone, hydromorphone, meperidine, oxycodone and tramadol. The dosage forms were oral, rectal, injectable and transdermal. All opioid prescription volumes were then converted to a morphine equivalent dose (MED) per claim.10
Gabapentin and pregabalin are anticonvulsants but are often used to treat neuropathic pain.11  Claims data for gabapentin and pregabalin were also obtained to determine if any decrease in opioid prescriptions over the 42-month period was associated with an increase in gabapentin and pregabalin usage (opioid substitution). Separate analyses were performed for public and private claims. Gabapentin and pregabalin claim volumes and total costs were analyzed separately from the opioids.
All outcomes over the time period were presented descriptively as means and medians via time series plots. Time series regression modelling was undertaken with the opioid data. Dependent variables in the models were mean and median MED per claim and total monthly spending. The slopes of the time series curves were compared pre vs. post cannabis legalization. Any significant differences in the regression slopes would suggest that external factors were impacting opioid prescription volumes. With both the public and private data, Fitted Autoregressive Integrated Moving Average (ARIMA) models were then built using the 33-month claims data pre-legalization to forecast the mean and median MED per claim in the nine months that followed the legalization of cannabis,.  The forecasts of MED per claim were then compared to what was observed (observed vs. expected). Monthly opioid expenditures were also compared for both public and private payers pre vs. post cannabis legalization.
For the gabapentin and pregabalin time series regression models, the dependent variable was mean monthly cost per claim over the 42-month time period. Changes in the mean monthly cost per claim pre vs. post cannabis legalization would be indicative of gabapentin and pregabalin drug volumes. A rise in the mean monthly cost per claim post legalization would suggest that at least some of the opioids presciptuions were being substituted by gabapentin and pregabalin. All of the statistical analyses were performed using Stata, release 11.0 (Stata Corp., College Station, Texas, USA).



RESULTS
	Over the 42-month evaluation period, visual inspection of the time series graphs revealed a steady decline in amount of opioids prescribed (presented as a median MED per claim) for both public and private drug plans in Canada (Figure 1).  The mean and median declines were obtained from the slopes of the time series regression lines.  A negative slope would be consistent with a reduction in the MED and cost per claim. When the slopes were quantified respectively over the entire time period, the mean and median decline in the MED per claim for public drug plans was 5.7 and 5.2 mg morphine equivalent.  Similarly, the mean and median decline in the MED per claim for private drug plans was 39.6 and 4.7 mg morphine equivalent respectively (Table 1).  However when the time series regression slope was determined from January 2016 to September 2018 (the time period before cannabis legalization) and then compared to the slope from the months after legalization, the rate of decline in the MED per claim for both public and private drug plans was accelerated (Table 1).  For public payers, the mean decline in the MED per claim was 4.1 mg pre legalization compared to 22.3 mg post legalization (an 18.2 mg absolute or 82% relative reduction in the MED per claim post legalization).  The decrease in opioid utilization for private drug plans was even more pronounced. The mean decline in the MED per claim pre legalization was 30.8 mg compared to 76.9 mg post legalization – an absolute reduction of approximately 46.1 mg in the MED per claim post legalization (Table 1).
	For public payers, the decline in the utilization of opioids after October 2018 also resulted in cost savings. The monthly decline in opioid spending before cannabis legalization was approximately $95,140 per month. However, after legalization, the monthly decline in spending became even more pronounced at $267,253 per month, representing an additional cost savings of $172,113 per month (Table 1 and Figure 2).  Cost savings post cannabis legalization were also observed for private drug plans. The monthly reduction in opioid expenditures before cannabis legalization was approximately $76,111 per month. However, after legalization, the monthly decline in expenditures increased to $142,276 per month, an additional cost savings of $76,245 per month (Table 1).  
	ARIMA models were constructed with the public and private payer time series data from January 2016 to September 2018 only.  The models were then used to forecast the median MED per claim in the nine months that followed the legalization of cannabis, and these were compared to what was observed.  If the legalization of cannabis had no impact on the mean and median MED per claim, then the observed values should have been comparable to the forecasted estimates.  Two ARIMA models were built and, in both cases, the model predicted forecasts for median MED per claim were greater to what was observed in the nine months following legalization (Figure 3). Indeed, these data suggest that external factors contributed to a decline in opioid volumes from October 2018 until June 2019, the end of the evaluation period.
	One factor could be a reduction in the national prevalence of chronic pain. However, a recently published study used Community Health Survey data to measure the prevalence of chronic pain in Canada. The prevalence of chronic pain in general Canadian population increased in all provinces, in all age groups and also among people with no other chronic medical problems. At a national level, there was an 5.7% increase in chronic pain, from 16.3% in 2000 to 21.0% in 2014.12 Therefore, it is unlikely that decreases in the prevalence of chronic pain post legalization are responsible for the drop in overall opioid consumption.
	If the prevalence of chronic pain is on the rise in Canada, then patients may be receiving alternative agents such as gabapentin and pregabalin. To test this hypothesis, prescription claims data for both public and private payers were evaluated over the same 42-month period. Gabapentin and pregabalin utilization were expressed as a median cost per claim. The findings revealed that the utilization of both gabapentin and pregabalin, within both public and private payers, also declined (Figure 4). Therefore, it does not appear that gabapentin and pregabalin were being substituted for opioids to a large extent.

DISCUSSION
[bookmark: _Hlk29281205]	The findings of this 42-month time series analysis (which included the month when cannabis was legalized) revealed a steady and statistically significant decline in the mean and median MED per claim for public payer drug plans. However, when comparing the pre vs. post legalization time periods, the decline in the mean MED per claim was 5.4 times greater in the period following legalization (4.1 vs 22.3 mg per claim). In addition, total public payer monthly opioid spending reductions averaged $95,000 per month before October 2018 compared to $267,000 per month following the legalization of cannabis. Similar findings were also observed within private drug plans, but the absolute magnitude of the decline in opioid use was more pronounced (30.8 vs 76.9 mg per claim) post legalization.  Gabapentin and pregabalin usage were also reduced over the same time period, suggesting that these agents were not used in place of opioids. Therefore, the legalization of cannabis coincided with a marked drop in opioid volumes prescribed in Canada.
	As reported in other studies,8,9,13,14 our findings support the hypothesis that easier access to cannabis for chronic pain may reduce opioid use and reduce drug costs for both public and private payers. In one investigation conducted in the United States, Carroon et al.,15 surveyed 2774 people across all 50 states, 1248 (46%) reported substituting cannabis for prescription drugs. Respondents indicated the most common drug classes to be substituted were opioids (35.8%), anxiolytics (13.6%) and antidepressants (12.7%).15 Of relevance to the current study, Carroon et al.,15 determined that respondents were substituting cannabis for prescription drugs, independent of whether or not they identified themselves as medical users or not.  Furthermore, cannabis was most commonly being substituted to concomitantly manage the triad of pain, anxiety and depression. The investigators concluded that approximately 46% of respondents surveyed were discontinuing FDA approved prescription drugs in place of cannabis, without medical guidance and despite the fact that cannabis remained illegal in some US states.15  Similar findings have also been reported in studies conducted in Canada.16
	The legalization of cannabis in Canada may have even broader implications. Cannabis legalization may have a direct impact on the Canadian opioid dependence crisis.  One study from the Unites States examined medical marijuana policies and hospitalizations related to marijuana and opioid use for pain.17  Hospital admission and discharge records from 1997 to 2014 were examined from 28 states that had legalized medical marijuana.  The analysis determined that the legalization of medical cannabis was associated with a 23% (p = 0.008) reduction in hospital admissions for opioid dependence and a 13% reduction in admissions for overdoses (p = 0.025). Furthermore, there was no evidence to suggest that cannabis legalization lead to an increase in marijuana-related hospitalizations.17
	In another study, Bachhuber et al., used time series analysis to compare opioid analgesic overdose death rates between 13 states with legalized medical cannabis to states where medical cannabis remained illegal.18 Overall, states with legalized medical cannabis had a 24.8% lower annual opioid overdose mortality rate (95%CI: −37.5%to −9.5%; p = .003) relative to states without legal medical cannabis laws.18 Therefore, the published data suggest that cannabis legalization in Canada may provide benefits beyond opioid prescription volume decreases and cost savings to public and private payers.
	There are several limitations in the current study that need to be addressed. Firstly, even though the time series analysis revealed that the legalization of cannabis coincided with a marked decrease in prescription opioid use across Canada, it does not imply causation.  Other factors such as a heightened awareness by Canadian physicians of the risks associated with overprescribing opioid analgesics for patients with chronic pain may have contributed to the decline in use.  However, it is important to recall that a steady decline in the MED per claim was observed from January 2016 until September 2018 and the decline became more pronounced after October 2018. Cannabis prescribing data post legalization was not available for comparison, nor did we survey patients who were receiving opioid analgesics for chronic pain. Therefore, it is unknown which agents were substituted for opioids in such patients post legalization. Opioid prescription claims data were not complete. Only 80% and 82% claims data were available for public payers in Alberta and Nova Scotia.  In addition, no public payer data were available for the province of Prince Edward Island and private payer data covered only 82% of plans nationally.  Opioid prescription claims data were only evaluated for 8 months post legalization. Longer follow up data is required to determine if the rate of the MED decline per claim is sustained. Pain, anxiety and depression often present as a medical triad; however, we did not evaluate the prescribing patterns of anxiolytics and antidepressants over the 42-month evaluation period. 
	Notwithstanding these limitations, our study results are encouraging as they seem to reflect behaviour change in opioid prescribing and utilization. We strongly recommend further clinical studies and educational programs in large well-defined medical populations to monitor the benefits of cannabis for specific medical conditions and to educate patients, with the ultimate goal being to offer patients in need alternatives to opioids.

Conclusions
The findings of this study are compelling and add to the growing body of evidence that easier access to cannabis for patients with chronic pain can substantially reduce opioid use and save drug costs for both public and private drug plans. 
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Table 1. Opioid MED and cost per claim post vs. pre cannabis legalization.
	Outcome [Mean, (SE)]
	Public Payers
	Private Payers

	Monthly decline in MED (mg) per claim from January 2016 - June 20197,8

Monthly decline in MED (mg) pre legalization6
Monthly decline in MED (mg) post legalization

Difference in MED monthly decline per month
(post vs. pre)
	5.7 (0.70)1

4.1 (0.92)1
22.3 (5.5)2

18.2
	39.6 (8.2)1

30.8 (13.1)3
76.9 (17.2)4

46.1

	Outcome (Median, SE)
	Public Payers
	Private Payers

	Monthly decline in MED (mg) per claim from January 2016 - June 20197,8

Monthly decline in MED (mg) pre legalization
Monthly decline in MED (mg) post legalization

Difference in MED monthly decline per month
(post vs. pre)

	5.2 (0.42)1


5.0 (0.60)1
10.3 (4.2)5

5.3
	4.7 (0.44)1


5.2 (0.64)1
7.6 (3.7)6

2.4

	Total Opioid Spending per Month
	Public Payers
	Private Payers

	Monthly decline in total spending over entire time period

Monthly decline in spending pre legalization

Monthly decline in spending post legalization

Difference in total opioid spending per month
(post vs. pre)
	$108,929 (7407)1

$95,140 (59863)3

$267,253 (10195)1

$172,113
	$84,467 (4392)1

$76,111 (6114)1

$142,276 (41831)1

$76,245



Abbreviations: SE = standard error, MED = morphine equivalent dose
1p < 0.001, 2p = 0.005, 3p = 0.003, 4p = 0.025, 5p = 0.047, 6p = 0.081. The p values are associated with the slopes of the time series regression line.
7The mean and median declines were obtained from the slope of the time series regression line.  A negative slope was consistent with a reduction in the MED and cost per claim
8Cannabis received full legalization in Canada in October 17, 2018.
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Figure 1. Median morphine equivalent dose (mg) per claim for Canadian public and private drug plans. Cannabis received full legalization in Canada in October 17, 2018.
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Figure 2. Total monthly cost of opioid prescriptions for Canadian public and private drug plans. Cannabis received full legalization in Canada in October 17, 2018.
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Figure 3. ARIMA model forecasts on the median MED per claim for the nine months following cannabis legalization: observed vs. expected.
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Figure 4. Median cost per claim for gabapentin and pregabalin for Canadian public and private drug plans.
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Gaba-Public	42370	42401	42430	42461	42491	42522	42552	42583	42614	42644	42675	42705	42736	42767	42795	42826	42856	42887	42917	42948	42979	43009	43040	43070	43101	43132	43160	43191	43221	43252	43282	43313	43344	43374	43405	43435	43466	43497	43525	43556	43586	43617	12.398835920177383	12.255303273213094	12.331744687970554	12.448986025979812	12.404956597740684	11.807787151702787	11.413776502426279	11.666504997069321	11.154900367567691	11.086171845750656	10.901474062660503	10.963245737503566	11.358432398090613	11.648	10.998262943077609	10.954000000000001	11.641821902210172	11.4872805247225	10.743831983805668	11.710427083333332	11.491792523670288	10.390289063977431	9.9377457247411556	10.625485606573989	9.6719722028660584	10.131038961038961	9.8429164370709046	5.6492395544928264	5.7124420024420024	6.243870071805989	6.0658361935527294	5.7892142857142854	5.4362565905096671	5.7826763271753308	5.4954913294797691	6.0441905372809215	5.7968985849056605	5.4724740230779538	5.7258830275229364	6.3147852450183795	6.1281721248719085	6.1872394881170019	Gaba-Private	42370	42401	42430	42461	42491	42522	42552	42583	42614	42644	42675	42705	42736	42767	42795	42826	42856	42887	42917	42948	42979	43009	43040	43070	43101	43132	43160	43191	43221	43252	43282	43313	43344	43374	43405	43435	43466	43497	43525	43556	43586	43617	29.995506825169091	29.544699093023603	30.219146680803004	28.826196244700185	29.972613021847287	29.456153846153846	29.638298176441594	29.432285372222019	28.66	28.989708571171064	28.293673139974779	29.401188937956604	28.857307627638967	29.975242883176314	29.827886167922497	30.205961538461537	29.216220533575935	32.094723421763817	30.778755844155846	29.513379356628338	30.367350395725232	27.412369699564451	28.130988770885068	28.293523295067274	28.241470588235295	28.118798418972332	29.146958066808814	18.164782608695653	17.718274201127819	18.755286939863403	17.74297459647325	17.291613554806929	18.202613657135398	18.218827334744766	16.833524288994877	18.122423668032788	17.034235338074623	18.389807692307691	18.04	17.810601987142025	17.396470588235296	17.940039254170756	Prega-Public	42370	42401	42430	42461	42491	42522	42552	42583	42614	42644	42675	42705	42736	42767	42795	42826	42856	42887	42917	42948	42979	43009	43040	43070	43101	43132	43160	43191	43221	43252	43282	43313	43344	43374	43405	43435	43466	43497	43525	43556	43586	43617	16.079999999999998	15.82	15.42	16.02	16.399999999999999	15.77	15.44	16.13	15.85	16.670000000000002	16.12	16.399999999999999	16.48	15.69	15.71	16.02	15.99	16.13	16.149999999999999	16.190000000000001	15.79	16.190000000000001	15.86	16	16.13	15.82	15.47	11.77	10.79	11.36	11.13	10.78	11.17	11.08	11.3	11.07	10.65	10.45	10.74	10.67	10.199999999999999	10.64	Prega-Private	42370	42401	42430	42461	42491	42522	42552	42583	42614	42644	42675	42705	42736	42767	42795	42826	42856	42887	42917	42948	42979	43009	43040	43070	43101	43132	43160	43191	43221	43252	43282	43313	43344	43374	43405	43435	43466	43497	43525	43556	43586	43617	42.83	40.76	43.73	44	39.6	40.4	41.92	44.41	40.04	39.549999999999997	42.87	41.88	39.28	41.11	39.82	42.16	39.159999999999997	42.44	44.31	43.75	41.06	38.869999999999997	39.1	39.01	37.85	36.5	38.22	29.6	29.04	28.53	28.68	28.17	28.52	26.95	28.72	27.13	26.47	26.73	26.69	26.59	26.32	26.21	
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