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a b s t r a c t 

Background: Little is known about the distribution of cannabidiol (CBD) and �9-tetrahydrocannabinol 

(THC) to patients participating in state medical cannabis programs. The Minnesota cannabis program re- 

quires third-party testing of products with limited formulations of cannabis for distribution to patients. 

Objective: To characterize the distribution of cannabis products, their CBD/THC content, and dosing 

among patients with qualifying conditions. 

Methods: This is a retrospective analysis of ∼50% of registered users receiving medical cannabis in Min- 

nesota (June 16, 2016, to November 15, 2019). Data included formulation, CBD/THC prescribed doses, 

and qualifying conditions. The primary end points were calculated using daily dose and duration of use. 

Comparisons were made for CBD and THC total daily dose dispensed, patient age, and approved product. 

Nonparametric statistical tests were used (significance was set at p < 0.05). 

Results: A total of 11,520 patients were listed with 1 qualifying condition. The most common condition 

was intractable pain (60.0%). Median dispensation duration varied from 53 days (cancer) to 322 days 

(muscle spasms). Most ( ≥62.8%) patients across all qualifying conditions received both CBD and THC. 

Median THC dose was lower in older ( ≥65 years) compared with younger adults with intractable pain 

( p < 0.0 0 01) and cancer patients ( p = 0.0152), and the same pattern was found CBD dose with seizure 

( p = 0.0498) patients. For commercial products with Food and Drug Administration indications, the me- 

dian CBD total daily dose was 86.9% lower than the recommended doses for patients with seizures (Epid- 

iolex: Jazz Pharmaceuticals, Palo Alto CA) and median THC total daily dose was 65.3% (Syndros: Benuvia 

Manufacturing, Round Rock, TX) or 79.3% lower (Marinol: Banner Pharmacaps, Inc., High Point, NC) for 

cancer patients. 

Conclusions: A majority of patients received products containing both CBD and THC. Dosages varied 

by age group and were lower than recommended for conditions with Food and Drug Administration- 

approved products. Complex pharmacokinetics of THC and CBD, possible age-related changes in physiol- 

ogy, unknown efficacy, and potential for drug interactions all increase the need for monitoring of patients 

receiving cannabis products. ( Curr Ther Res Clin Exp . 2023; 84:XXX–XXX) 
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ntroduction 

Cannabidiol (CBD) and �9-tetrahydrocannabinol (THC) are the 

ost common constituents in currently available medical cannabis 

roducts. 1 , 2 Both CBD and THC have complicated pharmacoki- 

etics causing significant variability in blood concentrations and 

ossible changes in both symptom control and side effects. The 

mount of cannabinoid that reaches the systemic circulation af- 

er oral ingestion is low and highly dependent on fat con- 

ent in food. 3 , 4 Metabolism by cytochrome P450 enzymes 5–9 in- 

reases the chance of potential drug–drug interactions. Indeed, 

he concentrations of several antiseizure medications are influ- 

nced when administered with CBD. 10–14 Variability in source 

lants and lot-to-lot variations in manufactured products heighten 

he potential for variability between patients and within a single 

atient. 

Food and Drug Administration (FDA)-approved products of CBD 

r THC are available for limited conditions. Plant-extracted CBD 

s indicated for certain epilepsy syndromes (i.e., Lennox Gaustaut 

nd Dravet) and seizures associated with tuberous sclerosis. 15 

ynthetic THC is approved for chemotherapy-induced nausea and 

omiting as well as anorexia-related weight loss in patients with 

IDS. 16 , 17 Products with varying amounts of both CBD and THC 

repared from extracts of the Cannabis sativa plant are available 

hrough many state cannabis programs. 18 As of April 24, 2023 

8 states and 3 territories and the District of Columbia had 

tate-sanctioned medical cannabis programs. State laws differ 

ith respect to qualifying conditions and in the requirements 

hat govern manufacturing and distribution of the products. 19 In 

any state programs, members of the public can petition the 

epartment of health to add qualifying medical conditions; thus, 

ualifying conditions represent a view of cannabis products based 

n anecdotal rather than medical evidence. 

Currently there are no consistent guidelines for the use of CBD 

nd THC products in patients among state programs. Cannabis 

roducts are available for certain qualifying conditions with some 

tates allowing distribution of recreational cannabis, 19 , 20 thus in- 

reasing the potential for unanticipated and highly variable inter- 

ctions with those medications being received by patients for other 

hronic conditions. Despite the increasing use of cannabis prod- 

cts, there is a knowledge gap on what formulations and doses 

f CBD or THC are being dispensed and consumed by patients in 

tate programs, making it difficult to predict the extent of exposure 

n patients. 

The Minnesota State Cannabis program, considered more re- 

trictive than other states, 19 mandates third-party testing and 

imited manufacturing (Minnesota Statutes §152.22-152.37). The 

riginal Minnesota cannabis law (MN Laws 2014, Ch 311- SF2470) 

ade purified extracts from the marijuana plant available for 

ertain medical conditions. Patients must be certified by a health 

are professional (physician, physician’s assistant, or advanced 

ractice registered nurse) as having at least 1 qualifying condition 

o gain access to CBD-dominant, CBD and THC-balanced, and 

HC-dominant products from a regulated cannabis patient center 

dispensary). At the dispensary, a Minnesota-licensed pharmacist 

onducts an extensive interview and consults the health com- 

issioner dosing recommendations (Minnesota Statute §152.29 

ubdiv.3 [2020]), both required by existing regulations. Patients 

re then dosed based on internal training of the dispensing phar- 

acists and patient preferences to determine the product(s) and 

ose for each patient. In Minnesota, all products must be tested 

or verification of THC and CBD quantity. At the time of this study, 

ultiple formulations were available, including oral capsules, 

aporizer, oil for vaporization, oral solution, and topical forms. The 

oal of this study was to characterize the distribution of cannabis 

roducts, their CBD and THC content, and dosing among patients 
2 
ith qualifying conditions, by age, and compared with available 

ederally approved products. 

aterials and Methods 

ata source and patient population 

This was a retrospective analysis based on data collected from 

ndividuals registered in the Minnesota State Cannabis Program 

ho were dispensed products from 1 of the 2 registered manu- 

acturers (Vireo Health of Minnesota) between June 16, 2016, and 

ovember 15, 2019. Participants in the state program must read 

nd sign a Tennessen Notice and Acknowledgement form. State 

tatute also specifies the use of patient data for scientific, peer- 

eviewed publication of research (Minnesota Statute 152.28). A 

ata use agreement was signed between the University of Min- 

esota and Vireo for this study. Vireo distributes medical cannabis 

o approximately half of the registered patients in the state and is 

he only Minnesota manufacturer with a purified CBD product. In 

he program, patients are certified by a Minnesota-licensed practi- 

ioner to have a qualifying condition, register with the state, and 

hen present to 1 of the dispensaries. The 14 qualifying condi- 

ions at the time of this study were: cancer associated with se- 

ere/chronic pain, nausea or vomiting, or cachexia or severe wast- 

ng; glaucoma; HIV/AIDS; Tourette syndrome; amyotrophic lateral 

clerosis; seizures, including those characteristic of epilepsy; se- 

ere and persistent muscle spasms, including those characteristic 

f multiple sclerosis (MS); inflammatory bowel disease, including 

rohn disease; terminal illness, with a probable life expectancy 

f < 1 year; intractable pain; posttraumatic stress disorder (PTSD); 

utism; obstructive sleep apnea; Alzheimer disease (AD). 21 AD was 

dded as a qualifying condition on August 1, 2019, < 1 year from 

he end of the data collection period, therefore, AD patients were 

xcluded from the data analysis. For patients who were certified 

ith more than 1 qualifying condition, it was not possible to dis- 

inguish which indication would be the reason for treatment with 

edical cannabis, and they were excluded from the data analy- 

is. Patient records determined to have data entry errors (e.g., cal- 

ulated age younger than 0 years), no dosing information, or no 

ualifying condition were excluded. Patient inclusion information 

s presented in Fig. 1 . 

ata collection 

Demographic information included date of birth, gender, 

eight, and qualifying condition(s) for which each individual 

as certified. Product name, administration instructions, amount 

f THC and CBD contained in the product (in milligrams), the 

umber of products being dispensed to patients, days supplied 

DaysSupply), and the dispensation visit date were recorded. Each 

roduct was categorized according to formulation (i.e., capsules, 

ral solution, vaporizer, oil for vaporization, tincture, and balm). 

ach dispensed product was also classified as daily use or use 

s needed based on instructions at time of dispensing. Sample 

roducts named as starter packs and available as both capsules 

nd vaporizers allowed patients to try smaller quantities of 3 

ifferent com pound combinations (green [1:1 THC:CBD], red 

THC dominant], and yellow [4:1 THC:CBD]) and were routinely 

ffered to patients on their first visit as a way to affordably try 

arious formulations. These starter packs were distinguished from 

egular-sized products. 

ata analysis 

The database was reviewed for missing data and possible errors 

y visual and systematic inspection of variables. Out of 11,520 in- 

ividuals 0.3% were missing date of birth, 78.9% gender, and 98.9% 
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Figure 1. Flow chart of the study cohort assembly. Figure 1 shows the data cleaning (inclusion/exclusion criteria) and data analysis procedures. ALS = amyotrophic lateral 

sclerosis; IBD = inflammatory bowel disease; OSA = obstructive sleep apnea; PTSD = posttraumatic stress disorder; TS = Tourette syndrome. 

Figure 2. Dispensation duration across all qualifying conditions. Bars represent the median number of days in the study. Patients in the muscle spasms group had the 

longest dispensation duration, whereas patients in Alzheimer disease group had the shortest dispensation duration. The minimum dispensation durations were 0 for all 

qualifying condition groups because there were patients with only 1 dispensation visit in each group. The maximum dispensation durations were 1227, 1152, 1235, 1241, 

468, 1236, 1244, 466, 461, 1236, 1149, 1235, and 1072 days across qualifying condition groups, respectively. ALS = amyotrophic lateral sclerosis; IBD = inflammatory bowel 

disease; OSA = obstructive sleep apnea; PTSD = posttraumatic stress disorder; TS = Tourette syndrome. 

3 
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Table 1 

Age distribution of patients who had only 1 qualifying condition. ∗

Qualifying condition < 18 y ≥18 and < 65 y ≥65 y Unknown 

Intractable pain (n = 6,908) 22 (0.3) 5,272 (76.3) 1,595 (23.1) 19 (0.3) 

PTSD (n = 1,511) 25 (1.7) 1,432 (94.8) 50 (3.3) 4 (0.3) 

Cancer (n = 1,055) 26 (2.5) 656 (62.2) 364 (34.5) 9 (0.9) 

Muscle spasms (n = 527) 3 (0.6) 432 (82.0) 91 (17.3) 1 (0.2) 

OSA (n = 380) 0 (0.0) 333 (87.6) 46 (12.1) 1 (0.3) 

Seizure (n = 340) 93 (27.4) 227 (66.8) 18 (5.3) 2 (0.6) 

IBD (n = 306) 6 (2.0) 282 (92.2) 18 (5.9) 0 (0.0) 

Autism (n = 246) 151 (61.4) 93 (37.8) 1 (0.4) 1 (0.4) 

HIV/AIDS (n = 98) 0 (0.0) 94 (95.9) 4 (4.1) 0 (0.0) 

TS (n = 68) 16 (23.5) 48 (70.6) 3 (4.4) 1 (1.5) 

Glaucoma (n = 39) 0 (0.0) 24 (61.5) 15 (38.5) 0 (0.0) 

ALS (n = 25) 0 (0.0) 20 (80.0) 5 (20.0) 0 (0.0) 

Terminal illness (n = 17) 0 (0.0) 7 (41.2) 10 (58.8) 0 (0.0) 

ALS = amyotrophic lateral sclerosis; IBD = inflammatory bowel disease; OSA = obstructive sleep 

apnea; PTSD = posttraumatic stress disorder; TS = Tourette syndrome . 

∗ Values are presented as n (%). 

Table 2 

Median of cannabidiol (CBD) and �9-tetrahydrocannabinol (THC) total daily dose on the last visit across all products. 

Condition ∗ n Individuals dispensed CBD † CBD total daily dose ‡ , mg Individuals dispensed THC † THC total daily dose, ‡ mg 

Intractable pain 4,628 3,138 (67.8) 3.3 (0.01–645.9) 4,612 (99.7) 13.4 (0.01–1,556.0) 

PTSD 

† 993 658 (66.3) 4.0 (0.03–277.8) 991 (99.8) 19.2 (0.03–1,520.0) 

Cancer 462 293 (63.4) 3.8 (0.04–312.5) 459 (99.4) 12.9 (0.3–1,166.7) 

Muscle spasms 388 283 (72.9) 4.3 (0.1–137.8) 384 (99.0) 12.5 (0.04–198.6) 

OSA ‡ 268 182 (67.9) 5.4 (0.1–175.0) 268 (100.0) 20.0 (0.5–472.9) 

IBD 

§ 229 176 (76.9) 2.9 (0.1–295.0) 229 (100.0) 13.4 (0.3–325.0) 

Seizure 192 152 (79.2) 45.2 (0.02–428.6) 175 (91.1) 6.5 (0.3–231.3) 

IBD = inflammatory bowel disease; OSA = obstructive sleep apnea; PTSD = posttraumatic stress disorder. 
∗ Only the top-7 qualifying conditions were reported. 
† Values are presented as n (%). 
‡ Values are presented as median (range). 
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eight. Data cleaning and analyses were performed by the Univer- 

ity of Minnesota research group (X.L., S.M.I., and A.K.B.). A data 

ictionary was supplied, and data queries answered by Vireo em- 

loyees (S.D., P.L., and K.K.) during the data cleaning process. Age 

t each dispensation visit was calculated by subtracting the date of 

ispensation from the birthdate. Data were stratified by qualifying 

ondition and age group ( < 18, ≥18 and < 65, and ≥65 years). For 

ach individual, the duration of dispensation (days supplied with 

edical cannabis products) and the median duration were calcu- 

ated. The gap in days between the last visit and the end date 

f data collection was calculated for each patient. Patients were 

ategorized into three groups based on their use of the products 

ispensed: all products daily throughout all visits, all products as 

eeded, and a mixture of products as daily and as needed ( Fig. 1 ). 

To determine the daily dose (milligrams per day) for each prod- 

ct the last visit information for all patient adult groups (aged ≥18 

ears) was used. Each individual had to have information on at 

east 3 disposition visits to ensure doses did not include initial 

itration. Dose was calculated using information for the last visit 

y dividing the CBD or THC content (in milligrams) in a product by 

he DaysSupply or the time between visits (VisitGap). VisitGap was 

sed as the denominator if it was larger than DaysSupply, indicat- 

ng patients did not fill their prescription continuously. Doses from 

ll products received on the same visit day were added together to 

epresent the total daily dose (milligrams per day) of CBD or THC 

eceived. For patients dispensed with both CBD and THC on their 

ast visit, the median and range of CBD to THC ratio were reported 

y qualifying condition. The number of formulations dispensed on 

he last visit was also calculated. 

The comparison of the total daily doses from this study to rec- 

mmended dosage of FDA-approved products included adult pa- 

ients (aged 18 years or older) who were indicated to be taking 

annabis daily. Children were not included in this subgroup anal- 
4 
sis due to the lack of weight information in our dataset and the 

eed to use a standardized body size approach. To achieve this, 

e employed a stable dose (i.e., maintenance dose) approach to 

e more comparable to doses referenced in the package insert. 

o be on a stable dose participants needed to be dispensed the 

ame total daily dose for at least 2 consecutive visits. Because 

pidiolex is a highly purified CBD extract, which is available in 

ral solution form to treat seizures, 15 only seizure patients who 

ere dispensed an oral solution in the state program were used 

o calculate stable CBD total daily doses. Marinol and Syndros are 

ynthetic THC in oral solution and capsule formulations to treat 

hemotherapy-induced nausea and vomiting and weight loss in pa- 

ients with AIDS; 16 , 17 thus, only cancer and HIV/AIDS patients who 

ere dispensed oral solution or capsules in the state program were 

sed to calculate stable THC total daily doses. In cases where pa- 

ients reached several stable doses, the last stable dose was se- 

ected. The stable CBD/THC doses were compared with the rec- 

mmended maintenance or initial dose of FDA-approved products 

ith the same formulation and qualifying condition, using stan- 

ardized measures of body size (i.e., 70 kg for weight and 1.7 m 

2 

or body surface area). 

As a measure of drug adherence, the DaysSupply of product 

as divided by the VisitGap and multiplied by 100%. 22 For patients 

ho were dispensed more than 1 product, the longest DaysSupply 

f the products was used to calculate drug adherence. A median 

dherence for adult patients (age ≥18 years) in all 3 groups with 

t least 2 visits was calculated and reported by condition. 

tatistical analysis 

Descriptive analyses included calculation of median and range. 

otal daily dose and CBD to THC total daily dose ratio on the 

ast visit was compared using a Kruskal-Wallis nonparametric test 
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Table 3 

Patients dispensed cannabidiol (CBD) and/or �9-tetrahydrocannabinol (THC) on the last dispensation visit with CBD to THC total daily dose ratio. 

Qualifying 

condition ∗
n Individuals dispensed CBD 

only or CBD-predominant 

(THC < 1%) only † 

Individuals dispensed 

THC-predominant (CBD 

1%) only † 

Dispensed with both CBD and THC 

Individuals † Median of CBD to THC total daily 

dose ratio (range) ‡ 

Intractable pain 4,628 16 (0.3) 1,490 (32.2) 3,122 (67.5) 0.3 (0.003–81.0) 

PTSD 993 2 (0.2) 335 (33.7) 656 (66.1) 0.1 (0.005–67.7) 

Cancer 462 3 (0.6) 169 (36.6) 290 (62.8) 0.3 (0.010–20.0) 

Muscle spasms 388 4 (1.0) 105 (27.1) 279 (71.9) 0.3 (0.003–59.0) 

OSA 268 0 (0.0) 92 (34.3) 176 (65.7) 0.1 (0.015–9.0) 

IBD 229 0 (0.0) 47 (20.5) 182 (79.5) 0.3 (0.008–19.0) 

Seizure 192 17 (8.9) 40 (20.8) 135 (70.3) 16.1 (0.005–60.5) 

IBD = inflammatory bowel disease; OSA = obstructive sleep apnea; PTSD = posttraumatic stress disorder. 
∗ Only the top-7 qualifying conditions were reported. 
† Values are presented as n (%). 
‡ The minimum CBD to THC total daily dose ratio was reported to 3 decimal places due to small values. 
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 p < 0.05) regardless of age group across all qualifying condition 

roups. Total daily dose on the last visit was compared with a 

ann Whitney U test ( p < 0.05) between younger and older adults 

aged ≥18 to < 65 and ≥65 years) within each qualifying condi- 

ion. All analyses were performed with R Software version 4.0.3 

R Foundation for Statistical Computing, Vienna, Austria). 

esults 

Of 13,447 patients, 11,520 (85.7%) patients were listed as having 

nly 1 qualifying condition ( Fig. 1 ). The most common single con- 

ition was intractable pain (6,908 [60.0%] and the least frequent 

as terminal illness (17 [0.1%]). For patients with only one qual- 

fying condition recorded, the majority (8,920 [77.4%]) were be- 

ween ages 18 and 65 years except for those patients with autism 

61.4% of patients aged 18 years or younger) and terminal illness 

58.8% of patients aged 65 years or older) ( Table 1 ). For individuals 

ith only 1 qualifying condition recorded, 7,771 (67.5%) received a 

tarter pack with 7,195 (92.6%) receiving the starter pack at the ini- 

ial visit (data not shown). For the 7,195 individuals with a starter 

ack at their first dispensation visit, 6,100 (84.8%) continued and 

eceived additional medical cannabis products (data not shown). 

edian dispensation duration in days by condition varied from 53 

ays for patients with cancer to 322 days for patients with muscle 

pasms ( Fig. 2 ). Besides muscle spasms, longer dispensation dura- 

ions were seen with seizure (median, 314 days) and inflammatory 

owel disease (median, 298 days). Of patients with 1 qualifying 

ondition, 1,921 (16.7%) patients had only 1 dispensation visit (data 

ot shown). Thirty-seven percent of patients had data within the 

ast 60 days of the study signifying that the end of therapy (i.e., 

nd of duration calculation) could be due to the end of the data 

ollection period. 

The median (range) dose of CBD and THC in adult patients on 

he last visit is presented in Table 2 . The median age of adults re-

eiving THC or CBD formulations was 49.2 years (range, 18.1–98.6) 

data not shown). A majority ( ≥62.8%) of patients across qualifying 

onditions received doses containing both CBD and THC-dominant 

ormulations. The median CBD to THC total daily dose ratio was > 1 

nly in seizure patients ( Table 3 ). On the last visit most patients 

66.5%), regardless of qualifying conditions, were dispensed with 

 formulation; however, some patients received up to 5 formula- 

ions. For the 4,906 patients being dispensed 1 formulation: 2,143 

43.7%) received vaporizer, 1,337 (27.3%) capsules, 706 (14.4%) oil 

or vaporization, and 720 (14.7%) other formulations (oral solution, 

incture, or balm) (data not shown). Across the last 3 visits of 7,378 

atients, 2,487 (33.7%) patients did not change their formulation, 

,592 (21.6%) did not change their CBD total daily dose, and 117 

1.6%) did not change their THC total daily dose (data not shown). 

or patients who changed their CBD total daily dose, 726 (12.5%) 
5 
atients always increased and 697 (12.0%) always decreased their 

ose from visit to visit. Among patients who changed their THC 

otal daily dose, 1,165 (16.0%) patients always increased and 1,129 

15.5%) always decreased their dose. There were 3,837 patients 

ho were always dispensed with both CBD and THC across their 

ast 3 visits with 601 (15.7%) patients who did not change their 

BD to THC total daily dose ratio. For patients who changed their 

BD to THC total daily dose ratio (n = 3,236 [84.3%]), 312 (9.6%) al- 

ays increased their ratio and 528 (16.3%) always decreased their 

atio. There are significant differences in both THC ( p < 0 .0 0 01) 

nd CBD ( p < 0.0 0 01) total daily dose and CBD to THC total daily

ose ratio ( p < 0.0 0 01) in at least 2 qualifying condition groups 

data not shown). Older adults aged 65 years or older received sig- 

ificantly less THC compared with younger patients in intractable 

ain and cancer patients and the same pattern was found in CBD 

otal daily dose in for seizure patients ( Table 4 ). 

For those indications with FDA commercial products (i.e., 

eizure and cancer), the median CBD total daily dose was 86.9% 

ower than the recommended doses for patients with seizures 

n = 16, Epidiolex [oral solution]) and the median THC total daily 

ose was 65.3% lower (n = 10, Syndros [oral solution]) or 79.3% 

ower (n = 16, Marinol [capsules]) for cancer patients ( Table 5 ). 15–17 

he comparison was not made for HIV/AIDS patients because no 

atient reached a THC stable dose. 

The range of adherence was as low as 0.1% (seizure) and as 

igh as 765.4% (HIV/AIDS) ( Table 6 ). The median of drug adher- 

nce across qualifying conditions ranged from 28.6% (Tourette syn- 

rome) to 71.4% (autism). 

iscussion 

Our study provides data from a state-specific program regard- 

ng medical cannabis products dispensed to patients with specific 

ualifying chronic conditions. There is a wide range of CBD and 

HC doses being dispensed to patients within and across formu- 

ations and qualifying conditions. The age of patients varied by 

ondition (e.g., only 3.3% of the PTSD patients were elderly vs 

4.5% of the cancer patients). Most patients were receiving medical 

annabis for intractable pain, with 67.5% receiving both CBD and 

HC on the last dispensation visit recorded. Although extracted 

BD is approved for treating seizures and there are FDA-approved 

ndications for THC-only products, a majority of patients across all 

ndications in the state program received formulations that con- 

ained both CBD and THC. 

The pharmacokinetics of CBD and THC are known to be highly 

ariable across patients. There is a strong association between ab- 

orption of CBD and fat content in food 

3 that can contribute to 

he variability seen within and across patients; this may result 

n varying doses if doses are self-titrated to effect. Pharmacists 
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Table 4 

Cannabidiol (CBD)/ �9- tetrahydrocannabinol (THC) total daily dose comparison between age groups ( ≥18 years and < 65 or ≥65 years). 

Condition Age Number of patient 

dispensed with 

CBD 

Median CBD total 

daily dose (mg/day) 

(range) 

p-value for CBD Number of patient 

dispensed with 

THC 

Median THC total daily 

dose (mg/day) (range) 

p-value for THC 

Intractable pain 18-65 2,470 3.2 (0.01 – 645.9) < 0.0001 ∗ 3,679 14.7 (0.01 - 1,556.0) < 0.0001 ∗

≥65 668 4.4 (0.1 – 365.3) 933 10.1 (0.03 - 471.0) 

Cancer 18-65 205 3.4 (0.04 – 312.5) 0.0371 ∗ 319 14.2 (0.4 - 259.1) 0.0152 ∗

≥65 88 4.2 (0.1 – 200.0) 140 11.3 (0.3 - 1,166.7) 

Seizure 18-65 137 49.1 (0.02 – 428.6) 0.0498 ∗ - - - 

≥65 15 22.3 (0.4 – 178.1) - - 

∗ Only conditions with significant differences of total daily dose between age groups were reported. 

Table 5 

Comparison of doses received by patients in state program to Food and Drug Administration (FDA) -approved product recommendations. 

Cannabinoid Condition Formulation n Median dosage 

(mg/day) 

FDA recommended 

dosage ∗ (mg/day) 

Compared with the 

FDA products 

CBD Seizure Oral solution 

(Epidiolex ‡ ) 

16 91.5 700 Lower 

THC Cancer Capsules 

(Marinol §) 

16 8.8 34.0-51.0 † Lower 

THC Cancer Oral solution 

(Syndros || ) 

10 12.4 28.6-42.8 † Lower 

CBD = cannabidiol; THC = �9- tetrahydrocannabinol. 
∗ Calculated based on average body size of 70 kg or 1.7 m 

2 . 
† The mean of the FDA recommended doses were used for calculation. 
‡ Epidiolex: Jazz Pharmaceuticals, Palo Alto CA. 
§ Marinol: Banner Pharmacaps, Inc., High Point, NC. 
|| Syndros: Benuvia Manufacturing, Round Rock, TX. 

Table 6 

Median of drug adherence for patients throughout all visits. 

Condition n Drug adherence, ∗ % 

Intractable pain 5,803 35.7 (0.2–750.0) 

PTSD 1,224 36.4 (0.2–540.0) 

Cancer 719 32.5 (0.4–502.7) 

MS 461 32.5 (0.3–266.7) 

OSA 326 44.5 (0.6–230.8) 

IBD 265 35.2 (0.6–502.3) 

Seizure 216 52.9 (0.1–144.3) 

Autism 79 71.4 (3.3–329.4) 

HIV/AIDS 70 29.1 (1.6–765.4) 

TS 44 28.6 (1.1–175.0) 

Glaucoma 32 34.0 (1.2–133.3) 

ALS 23 44.1 (9.5–230.8) 

Terminal illness 11 37.0 (9.1–108.0) 

ALS = amyotrophic lateral sclerosis; IBD = inflammatory bowel disease; 

MS = multiple sclerosis; OSA = obstructive sleep apnea; PTSD = posttraumatic 

stress disorder; TS = Tourette syndrome. 
∗ Values are presented as median (range). 
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i

ere trained to encourage consistent administration of product 

ith food, however no information was available to indicate if 

oses were indeed taken according to these instructions. Patients 

n the state program received up to 5 different formulations during 

heir treatment, but 66.5% of patients had only 1 formulation pre- 

cribed on their last visit. The effect on the pharmacokinetics of 

ach compound when coadministered in multiple formulations is 

ot known. The bioavailability of cannabis is low and variable and 

iffers by route of administration with the bioavailability of vapor- 

zed formulations being reported to be higher than the bioavail- 

bility of oral formulations. 23 , 24 Therefore, switching of formula- 

ions among individual patients could increase variability in drug 

oncentrations and potentially influence response and drug inter- 

ctions. 

Both CBD and THC are highly metabolized by cytochrome P450 

nzymes, increasing the likelihood of drug interactions. 25 Older 

dults also experience multiple comorbidities and receive more 

edications than younger adults further increasing the possibil- 
6 
ty of drug interactions. In this study, the age of patients varied 

y condition with few older patients in some conditions such as 

TSD and more in conditions that are prevalent in elderly pop- 

lations. The doses received were different between younger and 

lder adults for THC, but not CBD regardless of condition. Doses 

n this study reflect those received or adjusted through the dis- 

ensary and information on efficacy, comedications, and the pres- 

nce of side effects was not available. A more detailed study con- 

aining drug exposure and efficacy data by indication is needed to 

istinguish between effective treatment, placebo effect, age effects, 

nd perceived desired cannabinoid effects. It is also unclear if clin- 

cally relevant drug interactions occur at the doses reported in this 

ataset and more investigation is needed. 

Our results offer insight on product choice, major cannabinoid 

uantities, and doses received based on pharmacist selection and 

atient preference rather than doses prescribed by physicians. Be- 

ause medical providers are limited in their ability to engage in 

he cannabis space, the state programs represent a departure from 

he usual role of physicians as prescribers. Because patients need 

o pay for their cannabis out of pocket, duration of dispensation 

ay be a proxy for affordability, efficiency in finding a therapeutic 

roduct and dose, or continued perceived efficacy to justify ongo- 

ng cost. By this measure, muscle spasms of MS have the longest 

edian duration of use. Current evidence supports that in adults 

ith MS-related spasticity, short-term use of oral cannabinoids im- 

roves patient-reported spasticity symptoms. 26 Starter packs are 

n attempt to allow patients early access to varying dose ratios 

f THC to CBD. A majority (67.5%) of patients received a starter 

ack. Among patients who received a starter pack at their first 

isit, 84.8% of patients remained in the program. Continued vol- 

ntary participation in the self-pay program suggests these pa- 

ients found at least 1 formulation of value, consistent with data 

rom the Minnesota program showing that of patients experienc- 

ng moderate to severe symptoms at baseline, anywhere between 

3% and 66% achieved at least a 30% reduction in symptom sever- 

ty (symptom improvement) within 4 months of their first med- 

cal cannabis purchase. 27 Future studies with appropriate placebo 



X. Lyu, S.M. Illamola, S.E. Marino et al. Current Therapeutic Research 99 (2023) 100709 

g

c

a

h

t

n

t

t

c

p

L

fi

c

f

o

s

t

a

b

a

c

m

b

a

c

t

t

e

fi

a

r

C

c

c

e

u

c

c

t

d

c

a

t

c

t

p

o

i

t

t

D

h

V

t

a

t

o

A

s

t

s

m

n

v

a

R

1

1

1

1

roups are needed to address the extent of efficacy in different 

onditions. 

Interpreting adherence estimates for medical cannabis presents 

n interesting challenge. Prescription-only medication dispensing 

as significant oversight by pharmacy practice laws and restric- 

ions due to insurance. The dispensing of medical cannabis in Min- 

esota is a patient-driven process and determination of the dose 

aken by a patient can be a balance between effectiveness and cost 

hey can afford. This results in a patient having the autonomy to 

hange doses and formulations at their own pace, which may ex- 

lain the adherence estimates well above 100%. 

imitations 

Our data reflect product(s) dispensed to patients without con- 

rmation of actual doses ingested by patients. Although data in- 

luded in our analyses do not include other sources of cannabis 

rom both legal and illicit sources, dispensed doses are reflective 

f the amount of cannabis available to patients and provide a mea- 

ure of the extent of exposure to compounds that could influence 

reatment and clinical end points. Key information was not avail- 

ble on patient comorbidities, other treatment modalities utilized 

y patients, and thorough medical history. Weight was not avail- 

ble for the majority of patients; thus, doses adjusted for weight 

ould not be calculated, necessitating use of standard body size 

easurements to calculate total daily doses based on dose per 

ody size recommendations. Sex and gender information was not 

vailable and the potential implications of sex differences in dosing 

ould not be further explored. 28 Approximately one-third of pa- 

ients were still receiving cannabis within 60 days of the end of 

he study; therefore, the duration of cannabis use could be under- 

stimated in our study. Attempting to evaluate adherence is dif- 

cult, especially when more than 1 product is available, products 

re available from multiple unregulated sources, and there are no 

egulations dictating how often purchases can be made. 

onclusions 

In medical cannabis programs there is an overlap of qualifying 

onditions with existing FDA-approved drug products. In specific 

onditions like seizure disorder, where purified CBD has proven 

fficacy and an FDA-approved drug, patients in a state program 

sed combinations of both THC and CBD. Patients with chronic 

onditions have a high prevalence of medication treatment; thus, 

omedications would be expected to be more prevalent in pa- 

ients who qualify for state product increasing the potential for 

rug–drug interactions. In addition, older patients have increased 

omorbidities and medication use when compared with younger 

dults, making them more susceptible to drug interactions. Given 

hat the majority of products received by patients include THC- 

ontaining formulations, more research is needed to understand 

he long-range influence of use, especially in conditions where CBD 

roducts have been indicated. The complicated pharmacokinetics 

f THC and CBD along with possible age-related changes in phys- 

ology, unknown effect on efficacy, and the potential for drug in- 

eractions increases the need for monitoring of patients receiving 

hese products. 
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