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Introduction and Background

The rising use of cannabis and cannabis-derived products in 
the United States and other countries increases the need for a 
more comprehensive understanding of the potential for can-
nabis-related drug-drug interactions (DDIs). To date, 36 
states and 4 U.S. territories have legalized medicinal canna-
bis for treatment of conditions including multiple sclerosis, 
epilepsy, neuropathic pain, and mood disorders.1,2 
Additionally, 18 states and 3 territories have approved mea-
sures to regulate adult-use cannabis.2 Within the context of 
historically high rates of opioid overdoses in the U.S., the 
potential interaction of cannabinoids and opioids is of great 
interest. Emerging evidence suggests cannabis is being used 
as a substitute drug for opioids3 and has been offered as a 
potential mitigation strategy to reduce overdose risk.4

Cannabis sativa contains at least 60 cannabinoids that 
have been well-studied since the early 1960s.5 The 2 of most 
interest to clinicians are, (1) (-)-trans Δ9- tetrahydrocannabi-
nol (THC), the main psychoactive component that binds to 
the CB1 receptor and produces the euphoric sensation and 
(2) cannabidiol (CBD), the nonpsychoactive component 
which does not interact with CB1 and has been suggested to 
attenuate the behavioral effects of THC.6 CB1 receptors in 
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Abstract
Objective: To determine if a 2-day protocol measuring pharmacokinetic and pharmacodynamic characteristics can 
demonstrate drug-drug interactions when smoked cannabis is added to orally administered hydrocodone/acetaminophen 
combination products. Case Summary: A 51-year-old non-Hispanic white male with chronic pain diagnoses participated 
in a 2-day pilot protocol. The participant attended two 7-hour in-lab days where he received 10 blood draws each day 
and completed self-administered pain and anxiety surveys. For both days, the participant took his prescribed dose of 
hydrocodone/acetaminophen (1/2 tablet of 7.5 mg/325 mg combination product) with the addition of 1 smoked pre-rolled 
marijuana cigarette (labeled as 0.5 g; 22.17% Δ9-tetrahydrocannabinol; 0.12% cannabidiol) on Day 2. Blood specimens were 
analyzed using mass spectrometry to quantify the difference of plasma hydrocodone levels between Day 1 and Day 2. 
Results: Compared to Day 1, lower levels of pain and anxiety were reported during Day 2 with the addition of cannabis to 
oral hydrocodone/acetaminophen. Day 2 pharmacokinetic analysis also revealed more rapid absorption and overall lower 
levels of hydrocodone in plasma. Discussion: Lower hydrocodone plasma levels in Day 2 may indicate cannabis’s effect on 
metabolism and reduce the risk of opioid toxicity. The quicker absorption rate of hydrocodone could explain lower pain and 
anxiety scores reported on the second day. Conclusion and Relevance: A 2-day protocol was able to capture differences 
across time in pharmacokinetic and pharmacodynamic measurements. Larger studies can be designed to better characterize 
the potential drug-drug interaction of cannabis and opioids.

Keywords
pain management, pharmacokinetics, drug interactions, medication safety, analgesics

https://us.sagepub.com/en-us/journals-permissions
http://journals.sagepub.com/home/hpx
mailto:rossb4@wsu.edu
http://crossmark.crossref.org/dialog/?doi=10.1177%2F00185787211061374&domain=pdf&date_stamp=2021-12-07


2 Hospital Pharmacy 00(0)

the brain are involved in both the rewarding effects and toler-
ance of opioids, as well as for a synergistic effect in the 
reduction of pain when both components (cannabis and opi-
oids) are administered at sub-analgesic doses.7 Yet, varia-
tions in drug metabolism due to interactions involving 
metabolizing enzymes may lead to an increased risk of 
adverse effects.8 The benefits and harms of cannabis and opi-
oid co-use remain unclear and is the focus of this case report.

After cannabis enters the body, it is rapidly metabolized 
via hydroxylation or oxidation by hepatic cytochrome P450 
(CYP450) enzymes, followed by glucuronidation via the uri-
dine 5′-diphospho-glucuronosyltransferase (UGT) enzymes, 
and finally excretion in the urine, bile, or feces.9-11 In the case 
of THC, the primary metabolic pathway is through hydroxyl-
ation to the active metabolite, 11-hydroxy (OH)-THC. Of 
note, 11-OH-THC can pass more readily through the blood-
brain barrier and is a 3 to 7 times more potent activator of the 
CB1 receptor than THC.12 Further, hydroxylation of 
11-OH-THC leads to an inactive metabolite, 11-carboxy-
THC (THC-COOH), which becomes glucuronidated to form 
THC-COOH-glucuronide (THC-Gluc) and is ultimately 
excreted. Although not as well studied, CBD metabolism 
proceeds through a similar pathway: hydroxylation followed 
by excretion either as an intact molecule or as glucuronide 
conjugates.13 Overall, cannabinoids are highly lipophilic, 
eventually concentrating in adipose tissue, liver, lung and 
spleen, with slow release back into the bloodstream.14 These 
properties lead to varying plasma concentrations of active 
and inactive metabolites that persist in the bloodstream for a 
wide timeframe after the initial consumption of cannabis.15

Preliminary in vitro data indicate that several enzymes 
important in opioid metabolism are inhibited by THC and its 
metabolites, including CYP2D6 and UGT2B7, 2 of the major 
enzymes involved in the metabolism of hydrocodone and 
morphine.16,17 These interactions could, potentially, influ-
ence the pharmacokinetic effects of either or both of these 
drugs. Based upon these data, we hypothesized that DDI may 
occur in patients who concurrently use cannabis and hydro-
codone. The degree to which THC influences the metabolism 
of opioids is poorly characterized and is of particular interest 
in the evaluation of patients who smoke cannabis and con-
sume hydrocodone for pain relief. Through 2016, based on 
milligram of morphine equivalents, hydrocodone has been 
the most commonly sold, legally prescribed, opioid since 
2002.18

We describe in this case report the pharmacokinetics and 
dynamics, as expressed in blood plasma levels, and self-
reported symptoms in an adult male who used both an oral 
hydrocodone/acetaminophen combination product and 
inhaled a cannabis product for pain relief. The primary objec-
tive in this paper is to determine whether a metabolic effect 
on opioid metabolism is observed in a subject who smoked 
cannabis. A secondary objective is to determine whether 
changes in self-reported symptoms of pain intensity and anx-
iety can be detected when smoked cannabis is added to 

hydrocodone/acetaminophen administration. The outcome 
can be used to inform future DDI investigations.

Case Report

A 51-year-old non-Hispanic white male with chronic pain 
diagnoses was recruited to test a protocol designed to study 
pharmacokinetics and dynamics of hydrocodone/acetamino-
phen alone and when co-administered with cannabis. The 
participant reported to an on-campus clinic 2 consecutive 
mornings to receive blood draws and complete question-
naires. On Day 1, the participant self-administered hydroco-
done/acetaminophen (one-half tablet of the 7.5 mg/325 mg 
combination product). On Day 2, the participant smoked 
cannabis then self-administered the same dose of hydroco-
done/acetaminophen.

Participant History

The participant described in this DDI case study reported 
daily moderate to severe chronic non-cancer pain from his 
back, neck, and feet and regular migraine headaches. He also 
reported a history of depression, anxiety, and an adjustment 
disorder related to post-traumatic stress disorder and heart-
burn. A review of his medical history also indicated multiple 
bouts of kidney stones. The participant’s medications 
included:

1. Wellbutrin XL (bupropion) 300 mg by mouth once 
daily for depression

2. Desyrel (trazodone) 25 mg orally by mouth for sleep 
and pain

3. Prilosec (omeprazole) 20 mg by mouth every morn-
ing for heartburn

4. Ativan (lorazepam) 0.5 mg by mouth as needed for 
anxiety and sleep

5. Norco (hydrocodone/acetaminophen) 7.5 mg/325 mg 
by mouth as needed for pain

The participant reported regular but not daily cannabis use.

Case Study Protocol

The protocol was approved by the Institutional Review 
Board at Washington State University. The primary aim was 
to examine whether observable differences in plasma levels 
of hydrocodone and its metabolites could be detected 
between two 7-hour days. Secondarily, we studied the phar-
macodynamics of cannabis and hydrocodone by examining 
whether any differences between Day 1 and Day 2 could be 
captured in measurements of pain intensity and anxiety using 
a self-reported 0 to 10 Numeric Pain Scale and 0 to 10 
Numeric Anxiety Scale.

On the morning of Day 1, the participant arrived at 8:00 am 
and was escorted to the clinical lab where a study nurse placed 
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a 20-gage intravenous cannula. The participant confirmed no 
cannabis use 48 hours prior to the visit as required by the 
study protocol. Blood samples were drawn via 10 cc syringe 
and collected in a BD 367863 EDTA vacutainer tube. Blood 
was collected at baseline, 15 minutes, 30 minutes, and then 
hourly for a total of 10 specimens scheduled through the day 
over 7 hours (Figure 1). The participant self- administered his 
prescribed daily dose of oral hydrocodone 7.5 mg/acetamino-
phen 325 mg, one-half tablet, immediately following the 
baseline sample collection. Samples were carried to the on-
campus lab in the College of Pharmacy and Pharmaceutical 
Sciences where they were immediately centrifuged at 
1000 × g at room temperature for 10 minutes.

Questionnaires were administered hourly using a 0 to 10 
Numeric Pain Scale and 0 to 10 Numeric Anxiety Scale. 
Additional health questionnaires were administered at base-
line to capture participant characteristics: the Personal Health 
Questionnaire Depression Scale (PHQ-8), and the Generalized 
Anxiety Disorder 7-item scale (GAD-7),19 the Patient-
Reported Outcomes Measurement Information System 
(PROMIS) Pain Interference 8a Scale,20 and the PROMIS 
Sleep Disturbance 8a Scale.21 These scales were chosen for 
their ease of use along with well-established reliability and 
validity that has been tested previously in populations pre-
scribed opioids.22,23 In addition, the participant was also 
asked to keep a sleep/wake diary and wear an accelerometer 
(Actiwatch-2; Philips Respironics, Bend, OR) to track sleep/

wake cycles for 3 days prior to and 3 days after the in-lab 
study days. This is a reliable procedure for determining total 
sleep duration.24

On Day 2, the participant followed the identical in-lab 
blood sample and questionnaire protocol as Day 1, while 
also requiring the use of 1 pre-rolled marijuana cigarette to 
be smoked 30 minutes prior to arriving at the on-campus 
clinic. The participant was asked to use the product he most 
often purchased and reported consuming 1 pre-rolled 0.5 g 
(22.17% Δ9-tetrahydrocannabinol; 0.12% cannabidiol) 
sativa strain marijuana flower cigarette purchased at a legal 
recreational cannabis dispensary. The label was presented to 
researchers and indicated the product was named “Jack the 
Ripper” and produced by “The High Road.” The participant 
was paid to use a ride-share service to and from the lab. The 
participant was compensated at a total of $290: $10 for each 
completed blood draw, $15 for each day of study-mandated 
transport, and $15 bonus for finishing both study days.

Lab Protocols

Chemical standards and internal standards were obtained 
from Millipore-Sigma (St. Louis, MO). LCMS grade 
(Optima) methanol, acetonitrile, and formic acid were 
obtained from Fisher Scientific (Chicago, IL).

The plasma, buffy coat and red blood cell layers were 
each extracted and stored separately at −80°C. Samples were 

Figure 1. Plasma hydrocodone concentrations over study period.
Note. Study Day 1 (hydrocodone/acetaminophen only) = blue square markers with dashed line. Study Day 2 (hydrocodone/acetaminophen and 
cannabis) = red circle markers with solid line. Patient plasma hydrocodone was quantified at 10 time points over 360 minutes; first assessment (0 minutes), 
15, 30, 60, 90, 150, 180, 240, 300, and 360 minutes.



4 Hospital Pharmacy 00(0)

prepared by mixing 20 µL plasma with 70 µL LCMS grade 
methanol and 10 µL internal standard mix containing 5 ppm 
hydrocodone-D6. Samples were then centrifuged at 
17 000 × g at 4°C for 15 minutes and the supernatant was 
transferred to an LCMS vial. Plasma hydrocodone levels 
were quantified using a ACQUITY XEVO TQD (Waters 
Corporation, Milford, MA), using a Waters HSS T3 column, 
1.8 µm, 2.1 mm × 100 mm at 30°C. UPLC MS/MS was per-
formed with a gradient elution using mobile phase A (0.1% 
formic acid in water) and mobile phase B (0.1% formic acid 
in methanol) at a flow rate of 0.4 mL/minute under the fol-
lowing conditions: 5% B for 1.0 minute, increasing to 95% B 
from 1.0 to 4.0 minutes, 95% B held for 2 minutes, followed 
by a return to initial conditions for 1.5 minutes, for a total 
time of 7.5 minutes. MS/MS detection of hydrocodone was 
performed in MRM ES+ mode at the mass transition m/z 
300.20→199.20, with a cone voltage of 30 V and a collision 
energy of 32 eV. The internal standard (hydrocodone-D6) 
was monitored under the same conditions with a transition of 
m/z 300.20→199.20. Quantification of hydrocodone in 
plasma samples was performed against a standard curve, 
with a limit of quantification of 0.7 ng/mL. Plasma cannabi-
noid levels were quantified using the same extraction 
method, with the addition of an internal standard mixture 
containing 1 ppm of the following: THC-D3, 11-OH-THC-D3, 
THC-COOH-D3, and THC-Gluc-D3. Separation of cannabi-
noid compounds was achieved using the same chromato-
graphic system as above, using a Waters BEH C18 column 
1.7 µm, 2.1 mm × 50 mm, at 40°C. Additionally, the same 
gradient elution profile as above was used, however the com-
position of mobile phase B was changed to 0.1% formic acid 
in acetonitrile. Detection was cannabinoid compounds was 
performed in MRM ES+ mode using the following mass 
transitions: m/z 315.1→193.2 for THC, m/z 331.3→313.1 
for 11-OH-THC, m/z 345.2→327.3 for THC-COOH, m/z 
521.2→345.0 for THC-Gluc. Cone voltages (V) of 40, 40, 
50, and 30, respectively, and collision energies (eV) of 25, 
18, 20, and 27, respectively, were used for THC, 11-OH-THC, 
THC-COOH, THC-Gluc. Internal standards were detected 
using the same cone voltages and collision energies as their 
respective standards, with the following mass transitions: 
m/z 318.1→196.2 for THC-D3, m/z 334.3→316.1 for 
11-OH-THC-D3, m/z 348.2→330.3 for THC-COOH-D3, 
m/z 523.2→348.0 for THC-Gluc-D3. Quantification of can-
nabis compounds in plasma samples was performed against 
a standard curve, with a limit of quantification of 1.2 ng/mL 

for THC, 1.1 ng/mL for 11-OH-THC, 16 ng/mL for THC-
COOH, and 190 ng/mL for THC-Gluc.

Results

Pharmacokinetics

Plasma hydrocodone levels reached a maximum serum con-
centration (Cmax) at approximately 1 hour (Tmax) and was 
cleared faster (half-life; t½) on the second day of the study: 
346 minutes on Day 1 versus 137 minutes on Day 2 (Figure 1, 
Table 1). The area under the curve was similar for both days: 
0.95 on Day 1 and 0.80 on Day 2. One notable difference 
between the 2 days was the absorption rate, which appeared to 
be quicker on Day 2 than on Day 1, based on hydrocodone 
plasma level at the 30-minute time point (Day 1 = 0.9 ng/mL; 
Day 2 = 3.6 ng/mL). Low but detectable levels of THC and 
11-OH-THC were observed at time points up to the 2-hour 
blood draw on Day 2 of the study. The absence of cannabis 
use on Day 1 was confirmed by observing no THC in the 
participant’s blood plasma at any of the time points on Day 1. 
THC-COOH and THC-Gluc were not detected in quantifiable 
levels in the serum at any of the time points examined in 
either day (data not shown).

Pharmacodynamics

The baseline questionnaires indicated a PHQ-8 score of 16, 
corresponding with major depressive symptoms, and a 
GAD-7 score of 13, corresponding with moderate anxiety 
symptoms. The participant’s PROMIS Pain Interference and 
Sleep Disturbance T-scores were 63.5 and 66.1 at baseline, 
respectively, indicating a higher pain interference and sleep 
disturbance rating than most healthy adults.

While reported pain intensity scores were low on average 
across all time points, Day 1 (without cannabis) scores were 
higher than the Day 2 values (with cannabis) earlier in the day 
when hydrocodone plasma levels were higher (Mean = 2.875, 
SD = 0.64 vs Mean = 2.375, SD = 0.52) (Figure 2). The anxiety 
scores followed a similar pattern, with Day 1 having higher 
anxiety overall, although the differences were more pro-
nounced later in the day when hydrocodone plasma levels 
were dropping (Mean = 3.625, SD = 1.06 vs Mean = 2.75, 
SD = 0.886) (Figure 3). The participant’s actigraphy indicated 
average sleep duration the 3 nights before Day 1 in the lab 
(cannabis free) was 6.19 hours. After Day 2 (with cannabis) 
average sleep duration was 3.93 hours for 2 nights of recorded 
sleep. Of note, the night of Day 2 (the first night with canna-
bis) the participant did not sleep at all.

Discussion

The pharmacokinetic results in our case study demonstrate 
that changes in hydrocodone plasma levels can be captured 
after smoked cannabis is added to an oral opioid. Additionally, 
we were able to capture changes across time using simple 

Table 1. Hydrocodone Pharmacogenetic Parameters.

Time period Cmax (ng/mL) Tmax (min) t1/2 (min) AUC0−t*

Study Day 1 3.8 60 346 0.9465
Study Day 2 3.7 60 137 0.7988

Note. Cmax = maximum concentration; Tmax = time of maximum 
concentration ; t1/2 = half-life; AUC0−t* = area under the curve from time 
point 0 to infinity.
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Figure 2. Patient reported pain scores (0-10 scale) over study period.
Note. Study Day 1 (hydrocodone/acetaminophen only) = blue square markers with dashed line. Study Day 2 (hydrocodone/acetaminophen and 
cannabis) = red circle markers with solid line. Patient self-reported pain scores at 6 time points over 360 minutes (once every hour) as well as once at 
arrival (baseline) and at once after completing the study protocol.

Figure 3. Patient reported anxiety scores (0-10 scale) over study period.
Note. Study Day 1 (hydrocodone/acetaminophen only) = blue square markers with dashed line. Study Day 2 (hydrocodone/acetaminophen and 
cannabis) = red circle markers with solid line. Patient self-reported anxiety scores at 6 time points over 360 minutes (once every hour) as well as once at 
arrival (baseline) and at once after completing the study protocol.
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self-report instruments measuring pain intensity and anxiety. 
Our participants’ symptom results were also expected with 
improvements in perceived pain intensity and anxiety on Day 
2 when cannabis was added. Many who use opioid medica-
tions for pain management also report using cannabis to treat 
pain, anxiety, and related symptoms.25,26 The lower plasma 
level of opioids on Day 2 could indicate some effect on metab-
olism. It appears that hydrocodone was absorbed faster on Day 
2, potentially leading to the observed lower pain and anxiety 
scores. The lower opioid level on Day 2 could also indicate, 
possibly, that the risk of opioid toxicity was reduced when 
cannabis was added. In the context of historically high rates of 
opioid overdose, the news that cannabis may aid in comfort 
while not heightening hydrocodone blood plasma levels is 
encouraging. At a minimum, less hydrocodone levels on Day 
2 suggests that smoking a single cannabis cigarette was not 
likely any more dangerous from an opioid overdose stand-
point. In fact, it could be reasonable to ask whether cannabis 
may even be protective for this individual by lowering opioid 
levels. It is also possible that adding cannabis actually inter-
fered with metabolism and could even decrease the effective-
ness of the opioids. However, given the low levels of THC and 
11-OH-THC, and no detectable THC-COOH and THC-Gluc 
observed in the plasma of the subject on Day 2, it is also pos-
sible that the 0.5 g dose of smoked marijuana as performed in 
this study may not be sufficient to inhibit hydrocodone metab-
olism in vivo, with the variability in hydrocodone metabolism 
observed between study Day 1 and study Day 2 caused by the 
participant’s natural daily variation.

Cannabis has been suggested as a harm reduction strategy 
for people who are using opioids. In some cases, patients 
using medical cannabis to treat intractable pain have been 
found to significantly reduce the quantity of opioids utilized 
in treatment based on milligram of morphine equivalents.27 
There are a lack of studies evaluating the effects of cannabis 
when used in combination with opioids to effectively treat 
pain and the corresponding adverse effects. The drug interac-
tion probability scale (DIPS), an objective scale used to 
assess the causation of DDI in the clinical setting,28 was 
applied to the 2-day evaluation period. Based on the standard 
set of 10-questions, a probable interaction (total score = 6) 
was observed between orally administered hydrocodone/
acetaminophen and inhalation of combusted cannabis (Table 
2). In the clinical setting, as with this case, there are often 
multiple confounders, such as multiple medical conditions 
and prescribed medications, which complicate the identifica-
tion of potential DDIs, but is aided by completing objective 
review with pharmacokinetic and dynamic information as 
well as other clinical tools such as the DIPS. Also, not every 
individual administered 2 interacting medications will expe-
rience a clinically relevant event, so it is of importance to 
document potential DDIs to aid in patient care.

Although sleep disturbance was not noted in the review of 
the participant’s medical history, it was noted that multiple 
prescribed medications were indicated for sleep and the par-
ticipant scored high on the sleep disturbance scale. Possibly 

the participant suffered some cannabis withdrawal symp-
toms that caused disrupted sleep. While it was self-reported 
that he did not use cannabis daily as a requirement for study 
eligibility, we could not verify. Our participant’s sleep dura-
tion was seriously curtailed after cannabis was added on Day 
2, as measured by actigraphy. The participant’s overall sleep 
habits were irregular; therefore, this variation may not be 
related to cannabis use. Poor sleep is also a symptom com-
monly reported by adults with chronic pain and one that is 
often self-managed with cannabis.25,26 Future investigations 
on the effect of cannabis on sleep are therefore warranted.

Limitations of our case-study report include the single 
patient format and inability to control the amount or type of 
cannabis smoked due to federal and state restrictions regard-
ing cannabis. Also, due to the pilot nature of this study, a phys-
ical assessment and regular vital sign checks were not 
completed and could have helped to validate changes in sub-
jective anxiety and pain reporting. Our participant also had 
multiple comorbidities and other medications that could con-
found the results. Specifically, lorazepam and acetaminophen 
have anxiety and pain-relieving properties, and could contrib-
ute to the patient’s perceived levels of discomfort throughout 
the study duration. In addition, several of the other medica-
tions, including bupropion, trazadone, omeprazole, and acet-
aminophen are metabolized in the liver by enzymes that have 
been shown to be inhibited by cannabis and its metabolites.16,17 
These additional DDI effects could contribute to the overall 
pharmacodynamics and pharmacokinetics of the drugs in this 
study and may be having an effect on the patient’s level of pain 
and anxiety. Nonetheless, the combination of acetaminophen 
and hydrocodone is the most commonly prescribed opioid 
product,18 providing a realistic drug profile for a patient with 
pain. While a hydrocodone-only product was approved by the 
Food and Drug Administration in 2013, it has not been pre-
scribed with the same frequency as the combination products 
that include acetaminophen.18

The decision to ask our participant to smoke cannabis and 
arrive to the campus lab safely was feasible and the protocol 
with multiple blood draws and questionnaires was well-tol-
erated. Numerous variables can affect drug metabolism and 
a case study of one person cannot be generalized to the larger 
population. Yet, we were able to show that collecting in-lab 
hourly plasma levels was feasible and, potentially, sufficient 
to capture changes in metabolism over a day’s time. Future 
studies could include quantification of all potential DDI, 
including medications which have not been prescribed for 
pain management, as well as the possibility of better control 
over variability in CBD/THC administration when permis-
sible by federal and local laws.

Conclusions and Relevance

Our previous research found that cannabis and opioids are used 
together regularly by approximately 50% of adults who are pre-
scribed opioids for pain.26,30 Yet, much of the available research 
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on cannabis use is inconsistent, often of poor quality, and fraught 
with limitations due to the vast number of cannabis-based prod-
ucts.31 A critical need exists to improve the quality and breadth of 
cannabis research for people with pain who use opioids. This 
case study was intended to test our protocol and collect pharma-
cokinetic and pharmacodynamic data concurrently, allowing for 
a synchronous look at opioid plasma levels and reported effects. 
After adding inhaled cannabis, plasma hydrocodone levels did 
not increase, in fact they decreased, potentially leading to 
decreased hydrocodone toxicity. Performing replication studies 
with multiple patients is necessary for confidence in the effects 
of cannabis on hydrocodone toxicity. Future studies could add 
other variables, such as a physical assessment at study entry, 
regular vital signs such as heart rate and blood pressure, as well 
as respiratory assessments such as respiratory rate and pulse 
oximetry, or sedation. This would allow for potential physiologi-
cal differences between the multiple daily assessment timepoints 
as well as Day 1 and Day 2 to be detected, while validating self-
reported pain and anxiety scales as well as explore interactions 
further and help address questions about the role of cannabis in 
opioid overdose risks. Future DDI investigations can adapt this 
protocol for larger samples with more rigorous designs that 

control for opioid and cannabis dose and types of cannabis 
smoked including using single ingredient opioids rather than 
combination products as was the case for this report. As the use 
of cannabis grows with loosening state regulations, the need for 
high quality evidence increases.
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Table 2. Drug Interaction Probability Scale.

Question Score Comment

Are there previous credible reports of this interaction 
in humans?

Yes (+1) There has been at least one published study indicating that marijuana 
use alters the measured opioid levels when used for pain 

management29

Is the observed interaction consistent with the known 
interactive properties of precipitant drug (cannabis)?

Yes (+1) There were no unexpected results observed on Day 2 of the study—
day that marijuana was used prior to arrival at the clinic; all observed 
events were consistent with documented effects of cannabis

Is the observed interaction consistent with the 
known interactive properties of the object drug 
(hydrocodone/acetaminophen)?

Yes (+1) There were no unexpected results observed on Day 1 or Day 2 of 
the study; hydrocodone was ingested prior to arrival at the clinic on 
both days; all observed events were consistent with documented 
effects of hydrocodone

Is the event consistent with the known or reasonable 
time course of the interaction (onset and/or offset)?

Yes (+1) All observed events and laboratory results occurred within a 
reasonable pharmacokinetic timeline of both orally administered 
hydrocodone and inhaled marijuana

Did the interaction remit upon de-challenge of the 
precipitant drug (cannabis) with no change in the 
object drug (hydrocodone/acetaminophen)?

Unknown (0) Current study did not continue monitoring of the patient after 
Day 2—future study may warrant examination of hydrocodone/
acetaminophen levels upon de-challenge of cannabis

Did the interaction reappear when the precipitant 
drug (cannabis) was re-administered in the presence 
of continued use of object drug (hydrocodone/
acetaminophen)?

Unknown (0) There was no re-administration of cannabis and continued monitoring 
of patient after Day 2—future study may warrant re-exposure of 
cannabis with continual monitoring of patient and hydrocodone/
acetaminophen levels

Are there reasonable alternative causes for the event? Unknown (0) Although all effects are consistent, there is the possibility that the 
patient was not completely honest with the researchers

Was the object drug (hydrocodone/acetaminophen) 
detected in the blood or other fluids in 
concentrations consistent with the proposed 
interaction?

Yes (+1) See Table 1 and Figure 1 for additional information on pharmacokinetic 
data

Was the drug interaction confirmed by any objective 
evidence consistent with the effects on the object 
drug (hydrocodone/acetaminophen) other than drug 
concentrations?

Yes (+1) See Table 1 and Figure 1 for additional information on pharmacokinetic 
data

Was the interaction greater when the precipitant 
drug (cannabis) dose was increased or less when the 
precipitant drug (cannabis) dose was decreased?

Unknown (0) There were no dose ranging studies performed

Total score 6 There is a “probable” drug-drug interaction between marijuana and 
hydrocodone/acetaminophen
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