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Abstract

Background: Older adults represent the fastest-growing group of medical marijuana (MM) users in the United States, with
chronic pain being the most common reason for use. Despite this trend, scientific evidence remains limited regarding the short-
and long-term effects of MM on critical health outcomes, including cognitive function, physical and mental health, and overall
quality of life, in this population. To better inform clinical practice and public policy, there is a clear need for more rigorous
longitudinal studies that examine the impact of real-world MM products over time.

Objective: The Study on Medical Marijuana and Its Long-Term Effects on Older Adults (SMILE) is a prospective cohort
study that aims to (1) determine MM’s short- and long-term effects on pain, physical, emotional, and cognitive functioning,
as well as quality of life, in older adults and (2) identify MM product characteristics and patient subgroups associated with
improved outcomes and side effects.

Methods: This study will recruit and follow 440 older adults (aged =50 years; ~50% aged >65 years, ~50% male) with
chronic pain for 12 months, as some initiate MM use (MM group, n=330) and others do not (comparison group, n=110).
Data collection includes quarterly survey questionnaires (longitudinal changes in cannabis use, pain, physical and emotional
functioning, side effects, and quality of life); baseline and 12-month cognitive assessments, pain sensory tests, and blood and
urine samples for cannabis use; and periodic smartphone- and Fitbit sensor—based measurements to capture MM use patterns,
real-time pain, mental health, and objective data on physical activity and sleep. Data will be analyzed using descriptive
analyses, generalized linear mixed-effects models, and generalized estimating equation models to assess differences in short-
and long-term effects between the MM and comparison groups, as well as subgroups among those initiating MM treatment.

Results: Recruitment for the SMILE study began in July 2022, and all data collection is expected to be completed by 2026. As
of October 2025, we have enrolled 399 participants, with 277 in the MM group and 122 in the comparison group. Results are
expected to be published starting in 2027.
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Conclusions: With multisource data collected in real time and over 12 months, our study will provide much-needed scientific
evidence addressing (1) whether MM can reduce pain and improve physical and emotional functioning in the short term among
older adults; (2) whether the effects of MM last for 12 months and demonstrate changes in quality of life or cognition; and (3)
whether health benefits and consequences differ by MM product type and whether individual differences (eg, sex, baseline pain
phenotyping) moderate the relationship. Our findings will offer valuable insights for physicians and patients when considering

MM as a treatment option and will help guide more informed, individualized care decisions.

International Registered Report Identifier (IRRID): DERR1-10.2196/78900
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Introduction

Medical marijuana (MM) is increasingly accessible in the
United States. Its use is rising among the 36 million adults in
the United States aged 45 years or older, with chronic pain
accounting for 60.6% of qualifying conditions for MM use [1-
4]. This increase in MM use could be attributed to state-
level legalization of marijuana and older adults seeking MM
as an alternative pain treatment, which reduces stigma and
increases accessibility [5-7]. However, evidence on marijua-
na’s long-term efficacy and safety in older adults is scarce [1,
8-21], as most studies only include participants under the age
of 60 [22]. This is concerning, given the association of aging
with polypharmacy and substantial changes in pharmacoki-
netics and pharmacodynamics (eg, drug clearance rate) [5,23].
Therefore, data on short- and long-term health outcomes and
side effects among older adults are urgently needed [24].

While marijuana’s pharmacological profile supports a
potential role in pain management, empirical evidence
regarding its efficacy in treating chronic pain remains
inconsistent. While some meta-analyses have reported
significant beneficial effects of marijuana on chronic pain
[25-27], others have found no or limited effect [28-30].
Similarly, the literature has shown that MM may help with
chronic pain-related experiences—such as anxiety, depres-
sion, and opioid use—while also improving sleep and quality
of life among individuals with chronic pain [31-34]. Despite
the significant interpersonal differences in responses to
pain treatment [35], important biological factors (eg, sex
and baseline pain phenotyping), psychological factors (eg,
marijuana expectancy and social desirability bias), and the
use of objective measures such as sensors or biomarkers to
complement self-reported outcomes [36-38] have received
limited attention in marijuana and chronic pain research [22,
39.40].

Research challenges—such as a reliance on the use of
marijuana products not reflective of real-world usage of MM
—may explain the inconsistent findings across studies [41].
While randomized controlled trials are considered the “gold
standard” of evidence, the products used are often isolated
or synthetic cannabinoids (eg, dronabinol) [42,43], which
have limited variety and may not be comparable to MM
products available in state dispensaries [32]. The ubiquitous
access to MM at the state level dictates an urgent need
to investigate the effects of these products, which usually
have higher concentrations of tetrahydrocannabinol (THC)
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and/or cannabidiol (CBD) and are consumed via a greater
diversity of methods (eg, vape, capsule, tincture, cream).
The lack of standard guidance for MM use makes it diffi-
cult to accurately characterize the ratio of major components
(THC:CBD), administration route, and dosage, all of which
may influence the efficacy of MM on chronic pain [1,44 45].
There remains a critical need for systematic investigation of
MM’s effects on pain, physical and emotional functioning,
and overall health outcomes (eg, quality of life), as well as
the need to track potential side effects, such as its impact on
cognitive functioning in this population [22,46.47].

To address these critical gaps in the literature, this study
will build a prospective cohort of older adults aged 50 years
or older with chronic pain, including those who initiate MM
use and those who do not. This study will integrate both
technology-based remote assessments (eg, smartphone-based
ecological momentary assessment [EMA], Fitbit sensor)
and quarterly in-person visits (eg, surveys, blood tests) to
systematically examine the short- and long-term impacts
of MM on 6 core chronic pain outcome domains: (1)
pain intensity and interference; (2) physical functioning; (3)
emotional functioning; (4) cognitive function; (5) participant-
rated overall improvement; and (6) adverse events or side
effects [48-50], 5 of which are recommended by the Initiative
on Methods, Measurement, and Pain Assessment in Clinical
Trials IMMPACT).

The specific aims of this project are as follows: (1)
determine whether MM use leads to short-term changes
in pain intensity and physical and emotional functioning,
as measured in real time by EMA (subjective data) and
the Fitbit device (objective data); (2) evaluate whether
MM use leads to longer-term changes over a 12-month
period, based on self-reported pain intensity or interference,
emotional and physical functioning, health-related quality of
life, and cellular aging markers, such as telomere length; and
(3) among individuals initiating MM, examine which MM
product characteristics (ie, THC:CBD ratio, administration
route, dose) are associated with greater improvements in the
outcomes defined in Aims 1 and 2, or with a greater incidence
of side effects. Additionally, the study will explore whether
individual differences (eg, sex, baseline pain phenotype)
moderate these relationships.
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Methods

Ethical Considerations

The University of Florida (UF) Institutional Review Board
(IRB) approved this study (IRB202101597) on July 29, 2021,
and it was conducted in accordance with the Declaration of
Helsinki.

All participants will provide written informed consent
prior to any study procedures being conducted, with the
option to withdraw consent at any time. The study team
will send participants the informed consent form remotely
through a secure Research Electronic Data Capture (RED-
Cap) link for review before their baseline visit. Participants
have the option to sign the consent form remotely or after
discussing study details with study staff during the baseline
visit. Following informed consent, participants will complete
the Rapid Estimate of Adult Literacy in Medicine, Revised
to assess health literacy [51]. If participants score lower than
6 out of 8 points on the Rapid Estimate of Adult Literacy
in Medicine, Revised, study staff will re-review the informed
consent forms and ask follow-up questions to ensure that
participants fully understand the study protocol.

Only IRB-approved study staff will have access to study
information and participant data. Participants are assigned a
unique study identifier to maintain confidentiality. Biospeci-
mens are labeled with the unique study identifier, sample
type, study time point, and date of collection. Whether a
participant is in the MM group or the comparison group will
not be disclosed to prevent bias during sample processing. All
survey data will be kept in the secure REDCap system during
the data collection phase. National Institutes of Health (NIH)
Toolbox data will only contain the study ID as an identifier
and will be emailed with encryption to the data manager
for upload into REDCap. EMA data will only contain the
study ID as an identifier and will be downloaded from cloud
storage to a secured server at UF on a biweekly basis when
active data collection is in process. Any photos of MM
products (participants are instructed to avoid including any
personal identifiers in the photo) uploaded by study partici-
pants during EMA surveys will be stored on a secured server.
Fitbit data will be downloaded from a Fitbit database service
(ie, Fitabase) via encrypted transmission. Research staff will
use the unique study account to match it back to the partici-
pant’s unique study ID so the Fitbit data can be merged with
other data collected from the same participant. A certificate
of confidentiality was automatically granted by the NIH to
protect participant privacy because the study is funded by the
NIH.

Participants will be compensated for their participation,
including US $60 for completing the baseline visit, US $40
for each in-person quarterly follow-up visit, and US $60 for
the 12-month follow-up visit. Participants are compensated up
to US $280 for EMA and Fitbit and are paid in full if they
complete 80% of the EMA assessments and wear their Fitbit
80% of the time during each period. If they do not reach this
threshold, prorated payments are provided. Travel compensa-
tion of an additional US $20 is provided for participants who
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travel 20 or more miles for the baseline and 12-month visits.
Remote options for 3-, 6-, and 9-month visits are offered for
individuals experiencing transportation barriers. An additional
US $200 payment is provided for participants in the MM
group to offset initial costs associated with beginning MM
treatment if they delay initiating MM treatment for at least 3
days to provide clean baseline data (without cannabis use) for
EMA and Fitbit and then obtain an MM card through the state
of Florida. Participants may keep the Fitbit device as part
of their compensation after the 12-month follow-up visit or
return it if they do not want it. Participants are compensated
or given study merchandise of equal monetary value (~US
$10, eg, umbrella, mug, hand sanitizer) if they fail screening
procedures after enrollment.

Participants

Population

This study plans to recruit 440 older adult participants aged
50 years or older, with at least 50% over the age of 65,
and with approximately 50% of the sample being male. We
will try to achieve the balanced ratio by monitoring sample
demographics throughout the study and adjusting recruit-
ment techniques as needed to target necessary demographics.
Among these, 330 participants will be seeking to start MM
treatment during the study period, as indicated at baseline
when they are enrolled in the study, and 110 participants will
have no intention of starting MM treatment for at least 6
months. However, participants are free to initiate or stop MM
use at any time during the study and continue participation
after they join the study. If a participant decides to withdraw
from the study or is lost to follow-up at any point, data will be
analyzed up to the point of withdrawal.

Inclusion Criteria

Potential participants will be eligible for the Study on
Medical Marijuana and Its Long-Term Effects on Older
Adults (SMILE) if they (1) are 50 years or older; (2) have
had noncancer chronic musculoskeletal or neuropathic pain
[52] for 3 or more months [53], with a pain intensity level
in the past week greater than zero (“O=no pain” to “10=most
pain imaginable”) [54]; (3) are seeking MM treatment (for the
MM group) or have no intention to start MM for at least 6
months (for the comparison group); and (4) have access to a
smartphone.

Individuals aged 50 years and older were chosen due to
the rising use of MM for chronic pain and the need for
research on this population [5,6]. Participants must have
current noncancer chronic musculoskeletal or neuropathic
chronic pain, confirmed by verification of pain for 3 or
more months at an intensity level greater than zero. Inten-
tion to initiate MM treatment is assessed at recruitment to
determine which group enrolled participants will be in. To
obtain baseline data before the initiation of MM treatment,
participants must not be receiving MM treatment at the time
of enrollment. Individuals who are not interested in MM
should ideally not initiate MM treatment within the 6 months
following enrollment. Access to a smartphone is necessary for
completing the EMA and Fitbit aspects of the study. Because
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all assessments and questionnaires that will be used are in
English, participants must be able to read English to complete
study measures.

Exclusion Criteria

Potential participants will be excluded if they (1) are currently
pregnant or nursing (by self-report); (2) self-report marijuana
or CBD use in the past 30 days, or if the urine test is positive
for THC; (3) report any history of using MM regularly (daily
use); (4) used marijuana regularly (daily use) for over a
month in the past 10 years; (5) have current or past substan-
tial or severe substance use disorders [55], as assessed by
the Drug Abuse Screening Test [56,57]; (6) are undergoing
active cancer treatment, excluding certain cancers such as
skin cancer; (7) have a terminal illness; (8) have neurological
conditions that impact their ability to consent or complete
study procedures (eg, Alzheimer disease, Parkinson disease,
multiple sclerosis, head injury, stroke, and/or seizures); or (9)
have active, uncontrolled psychiatric disorders (eg, schizo-
phrenia, bipolar disorder, excluding anxiety and depression).
Many of these exclusion criteria are imposed to ensure
participant safety, the ability to provide consent, and the
completion of study procedures.

Recruitment and Consent

The primary recruitment method for both MM and compari-
son groups will be through UF’s health care system contact
registry (Consent2Share), where patients have consented to be
contacted for research. The research team will first contact
patients with chronic pain in the contact registry via email or
messages within the MyChart patient portal; those who are
interested will then be prescreened for preliminary eligibil-
ity over the phone. The UF Pain Research and Intervention
Center of Excellence (PRICE) registry (IRB201400126) will
also be used to recruit participants who have previously
consented to be contacted about future research studies.

Additional participant recruitment will take place at
various chronic pain, primary care, and MM clinics across the
state of Florida, as well as the Veterans Affairs (VA) Medical
Center. The research coordinator or staff has a designated
space at clinics to determine preliminary eligibility, explain
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details of the study, and schedule an in-person baseline visit.
Clinic staff or clinicians will distribute study flyers and
contact forms to their patients and waiting areas. The VA
coordinators will also prescreen potential research partici-
pants via VA medical records or physician referrals and
contact potential participants via mail, email, or phone calls.
Clinics may also send electronic versions of IRB-approved
flyers and recruitment materials to their scheduled patients or
direct patients to fill out an online form to express interest in
the study. We will recruit in community settings via flyers in
research facilities and clinics and through radio advertising.
All assessments will be conducted at research facilities in
Gainesville or Jacksonville, Florida.

Study Design

Overview

All participants will complete an in-person screening,
including a urine sample to confirm their marijuana use
status, verification of musculoskeletal or neuropathic chronic
pain using medication bottles or medical records, and a
screening questionnaire. Participants will complete in-person
assessments at baseline and 12 months, including survey
questionnaires, cognitive testing, blood pressure measure-
ment, and biomarker collection (blood samples for cannabis
metabolite tests, telomere length, and inflammation/inflam-
masome markers). After the initial baseline visit, participants
will complete technology-based real-time assessments using a
smartphone-based EMA app to measure subjective elements
of pain intensity, emotional and physical functioning, and
sleep. Participants will also be provided with a wearable Fitbit
sensor to record objective data on heart rate, physical activity,
and sleep. The EMA surveys and Fitbit data will capture
real-time short-term effects during the first month and for 1
week every 3 months over 12 months. Biospecimen collec-
tion (urine tests and blood samples) and a follow-up survey
will be repeated every 3 months. Participants are encouraged
to provide feedback regarding study procedures throughout
their participation to inform future revisions to the protocol.
Figure 1 provides an overview of the study procedures. A
detailed timeline for each measure and assessment conducted
throughout the course of the study can be found in Table 1.

Figure 1. Study procedure overview. EMA: ecological momentary assessment; MM: medical marijuana.

MM group

MM

(n=330):
Initiate 4-wk EMA 1-y Follow
Older adults M use Baseline 4-wk Fitbit 1-wk EMA 1-wk EMA 1-wk EMA e EVIA
with chronic Survey, Real-time pain, Fitbit _ Fitbit Fitbit 1-wk Fitbit,
pain cognltlvz test, emotional and » Biomarker Biomarker Biomarker » Survey ’
Comparison bioar:arker physical Survey Survey Survey cognitive test,
group functioning, sleep and biomarker
(n=110):
No MM use
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Table 1. Summary of study measures and assessments.

Robinson et al

Measure Baseline 3,6, and 9 months 12 month Source
Screening
Presence of tetrahydrocannabinol (THC) in v/ va va Urine test
urine
Current/history of substance use disorders v DAST-10P [56,57]
Health literacy v REALM-R® [51]
Biometric data/biospecimen
Height and weight v v N/Ad
Blood pressure v v v N/A
Telomere length v v Blood sample: buffy coat [58-60]
Cannabinoids and metabolites v v v Blood sample: cannabinoids/metabolites assay [61-63]
Inflammation and neurodegeneration v v v Blood sample: inflammasome and neurodegeneration
biomarker test (exploratory)
Pain sensory tests
Pain sensitivity v v Punctate mechanical stimuli test and pressure pain
threshold [64]
NIH® Toolbox Cognition Battery
Executive function v v NIH Toolbox dimensional change card sort test and NIH
Toolbox Flanker inhibitory control and attention test [65]
Processing speed v v NIH Toolbox pattern comparison processing speed test
[65]
Episodic memory v v NIH Toolbox picture sequence memory test [65]
Working memory v v NIH Toolbox list sorting working memory test [65]
Language v NIH Toolbox picture vocabulary test and NIH Toolbox
oral reading recognition test [65]
Other assessments
Real-time outcomes (pain, mood, sleep) and 4 wk 1 wk 1 wk EMAZS smartphone app and Fitbit; BSIN [66]

medication/MM! use

4Urine test at follow-up does not affect eligibility.
PDAST-10: Drug Abuse Screening Test.
‘REALM-R: Rapid Estimate of Adult Literacy in Medicine, Revised.
eN/A: not applicable.

NIH: National Institutes of Health.

MM: medical marijuana.
*EMA: ecological momentary assessment.

BSI: Brief Symptom Inventory.

Group Assignment

Participants will be assigned to the MM group or the
comparison group based on their responses to baseline
screening questions regarding current interest or disinterest
in starting MM treatment. Group assignment will remain
consistent for each participant, regardless of whether they
change their mind throughout the course of the study.
Participants interested in initiating MM treatment will be
given information about local MM physicians who can certify
them for a Florida MM card. Additional compensation for
delaying MM treatment to enroll in the study will also be
provided to participants who begin MM treatment within 4
weeks after their baseline visit to cover most of the cost for
MM physician visits and the initial charge to obtain their MM
card in Florida.

Surveys at Baseline and 3-, 6-, 9-, and 12-
Month Follow-Ups

Surveys at all time points take approximately 30 to 45
minutes for participants to complete. The length of the visit
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can be a barrier for older adults, especially those with chronic
pain. In the interest of saving participants’ time and prevent-
ing fatigue during the in-person assessment, participants will
have the option to complete the survey remotely before their
visit. Participants are offered snacks and beverages during
in-person visits and can take as many breaks as needed.
The survey includes questions such as demographics, health
status measured using the Charlson Comorbidity Index and
health history [67], medication and supplement use measured
using the Medication Quantification Scale, patient-reported
medication symptoms adapted for MM, nonpharmacologi-
cal treatments [68-70], self-rated health, mental well-being,
history of and current nonmedical marijuana use, and
substance use. Established scales will be used to assess
variables such as pain measured by the Brief Pain Inventory,
Graded Chronic Pain Scale (GCPS), Patient Global Impres-
sion of Change, and Patient-Reported Outcomes Measure-
ment Information System (PROMIS) Pain Interference Scale
[71-74]; marijuana use measured by the comprehensive
marijuana motives questionnaire adapted by Lankenau et
al [75-78], Medical Cannabis Expectancy Questionnaire,
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and Cannabis Use Disorders Identification Test-Revised;
substance use measured by the World Health Organization-
Alcohol, Smoking and Substance Involvement Screening Test
[79]; quality of life measured by the PROMIS Global-10
[80]; depression and anxiety measured by the PROMIS
Anxiety and Depression Scales [81]; social desirability
measured by the Marlowe-Crowne Social Desirability Scale
[82]; post-traumatic stress disorder measured by the Primary

Robinson et al

Care-Post-Traumatic Stress Disorder Scale [83]; and sleep
quality measured by the Pittsburgh Sleep Quality Index [84].
A full list of core survey assessments can be found in Table
2, and information on how these measures are related to
each study aim is outlined in the Analytical Strategy section.
Participants will complete the survey independently or with
assistance from research staff.

Table 2. Summary of measures included in the core and quarterly follow-up surveys.

Measure Baseline 3,6, and 9 months 12 month Source
Demographics, income, and insurance v N/A2
Medical history v v v CCI® and health history [67]
Current medication use v v v MQS€ [68]
Marijuana use
Marijuana use motive v CMMQd—adapted by Lankenau et al [75,78]
MM attitudes and perceptions v v N/A
Positive and negative MM expectations v MCEQf [76]
Cannabis use disorders v v CUDIT-R® [77]
List of MM products" v v N/A
Recreational marijuana use v v v N/A
Marijuana-related adverse events v v PRMSi—adapted for MMP [70]
Pain
Pain assessment v v v BPI [71]
Pain severity v v GCPSK [72]
Change in pain v paIC! [73]
Chronic pain stage v v Pain FITT™ [37,58,85]
Pain interference v v v PROMIS™ Pain Interference Scale-Version 4a [74]
Nonpharmacological treatments v v v Nonpharmacological therapies for chronic pain [69]
Emotion
Depression v v v PROMIS Depression Scale-8a [81]
Anxiety v v v PROMIS Anxiety Scale-8a [81]
Health-related quality of life v v v PROMIS Global-10 [80]
Social desirability v MCSDSP° [82]
PTSDP v 4-item PC-PTSDY Scale [83]
Other
Sleep v v v Pittsburgh Sleep Quality Index [84]
Substance use v v WHO-ASSIST! [79]

N/A: not applicable.
CCI Charlson Comorbidity Index.
MQS Medication Quantification Scale.
CMMQ Comprehensive Marijuana Motives Questionnaire.
*MM: medical mari juana.
MCEQ Medical Cannabis Expectancy Questionnaire.
hCUDIT -R: Cannabis Use Disorders Identification Test-Revised.
. Administered to the Medical Marijuana group only.
PRMS patient-reported medication symptoms.
JBPI: Brief Pain Inventory.
GCPS: Graded Chronic Pain Scale.
PGIC Patient Global Impression of Change.

"Pain FITT: pain frequency, intensity, time, and total number of pain sites.
PROMIS Patient-Reported Outcomes Measurement Information System.

°MCSDS: Marlowe-Crowne Social Desirability Scale.
PTSD: post-traumatic stress disorder.
ch PTSD: Primary Care PTSD.

"WHO-ASSIST: World Health Organization-Alcohol, Smoking, and Substance Involvement Screening Test.
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Follow-up surveys will be conducted at 3,6, 9, and 12 months
after the baseline assessments. Quarterly follow-up surveys at
3, 6, and 9 months will collect information on MM products
(if applicable), current medications, and any health updates.
At the 12-month visit, participants will complete the same
core survey as the baseline, excluding demographic questions.
Follow-up surveys may be completed remotely.

Biospecimens

At every visit, participants will be asked to provide a urine
sample to test for THC. For remote follow-up visits, a drug
test cup will be mailed with instructions on how to upload a
photo of the results.

We will also collect approximately 4 mL of blood every
3 months from each participant completing an in-person
visit. Plasma will be shipped to the University of Colorado
laboratory for analysis of various cannabinoids and associated
metabolites (6a-OH-CBD, 7-OH-CBD, 110H-THC, THC,
CBD, CBC, CBD-gluc, THC-gluc, 7-CBD-COOH, THC-
COOH, THC-COOH-Gluc, CBN, CBG, THCV, CBDV) [61-
63]. Backup plasma samples may also be shipped to the
University of Miami for inflammasome and/or neurodegener-
ation biomarker tests for exploratory analysis.

For the blood drawn at baseline and 12-month visits, the
buffy coat will be frozen for analysis of telomere length,
a biological measure of cellular aging [58-60]. Collected
samples will be sent to the Blackburn Lab at the University of
California, San Francisco, for analysis at the end of the study.

Anthropometric and Cardiovascular
Assessments

Participant’s height and weight will be measured at the
baseline and 12-month study visits. Every 3 months, study
staff will measure the participant’s blood pressure using a
vital sign monitoring device during in-person visits.

Clinical and Experimental Pain Measures at
Baseline and 12-Month Visits

Clinical pain measures will include the GCPS [72], which
assesses chronic pain severity, and the Chronic Pain Stage,
which is a stage measure based on pain frequency, intensity,
time, and total number of pain sites [37,58,85]. Experimen-
tal pain measures will include punctate mechanical stimuli
and pressure pain threshold to assess pain sensitivity, which
has shown predictive utility for pain severity in chronic pain
patients [64].

Standardized Neurocognitive Assessments at
Baseline and 12-Month Visits

After completing the baseline and 12-month follow-up
surveys, participants will complete cognitive assessments
using the NIH Toolbox Cognition Battery, a standardized
neurocognitive assessment tool available as an iPad app [65].
It contains 7 cognition battery tests assessing 5 cogni-
tive subdomains: Language, Executive Function, Episodic
Memory, Processing Speed, and Working Memory [65].
Table 1 shows the full list of assessments used. Three
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composite scores are created from these tests (Fluid,
Crystallized, Total Composites), with normative standards
available for comparison [86,87]. At the 12-month follow-up
visit, only the fluid composite score will be used.

EMA Survey

Participants starting MM treatment will complete a 1-week
EMA using a smartphone app (mEMA, illumivu Inc. or
MetricWire) before they start MM and a 3-week EMA after
they begin using it. They will also complete a 1-week EMA at
3,6, 9, and 12 months to track their MM use and longitudinal
real-time outcomes. The comparison group will complete an
approximately 4-week EMA at baseline and an approximately
1-week EMA at 3, 6, 9, and 12 months to answer questions
regarding medication and nonpharmaceutical use.

This study will use 4 random prompts (roughly 1 every
4 hours) to assess real-time pain levels, mood (measured
by the Brief Symptom Inventory[66]), and other symptoms
(eg, nausea, sleepiness, dizziness) and 1 daily prompt to
assess overall pain levels in the past 24 hours, the previous
night’s sleep quality, and medications taken in the past 24
hours besides MM. After the baseline survey and cognitive
assessment, study staff will train participants on how to use
the EMA with practice questions. Participants starting MM
will also be asked to upload a picture of the label on the
MM products they have been using to validate the product
information.

Fitbit Activity Tracker

Participants will also wear a Fitbit Charge 5 or 6 (the latest
model available) in parallel with EMA for objective measures
of physical activity, heart rate, and sleep duration and quality.
Data will be accessed via Fitabase, a service that allows
centralized management of Fitbit data.

Quality Assurance

The research team will not be permitted to recruit partici-
pants or conduct visits until they receive training and pass
evaluation by the study coordinators or principal investigator
(PI). EMA and Fitbit data will be assessed multiple times per
week to monitor for any missing data or issues with partic-
ipant compliance. Weekly meetings with the research team
and biweekly meetings with the investigators will be held to
discuss any protocol deviations or discrepancies. The research
coordinators and data manager will conduct biweekly checks
of all survey data and visit log notes for discrepancies.

Analytical Strategy

Power and Sample Size

The total sample size was calculated based on Aims 1 and
2, for which statistical analysis will use a “difference-in-
differences” approach. Power was calculated to ensure the
detection of differences between the baseline and 12-month
follow-up survey in Aim 2, which requires a larger sample
size than the intensive longitudinal data from EMA assess-
ments. Assuming a 3:1 ratio of MM versus comparison group
and within-subject correlation of variables of 0.5, the sample
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size required to detect an effect size of 0.3 SD between-
group difference (small to medium effect size) [88] in the
outcome measured by standardized scales (eg, reduction in
pain intensity measured by GCPS), with 80% power (type
I error=0.05), is 352 (264 vs 88). Assuming 20% attrition,
based on our pilot study (79% retention without a preplan-
ned 12-month follow-up), the final sample size required to
achieve the power is 440 (330 vs 110) [89]. For Aim 1, we
will have more than 80% power to detect an effect size of 0.3
SD in between-group difference because there will be more
repeated measurements in Aim 1. For Aim 3, we will have
264 participants for the analysis since only the MM group
will be analyzed. After adjusting for multiple testing with the
conservative Bonferroni method [90], the adjusted type I error
rate becomes 0.05/7=0.007, under which we will have 99%
power to detect the Pearson correlation of 0.3.

Aim 1

Aim 1 is to determine whether MM use leads to short-
term changes in pain intensity and physical and emotional
functioning, as measured in real time by EMA (subjective
data) and the Fitbit device (objective data).

Key outcomes of interest include pain intensity, physical
functioning, emotional functioning, and sleep. Pain intensity
will be assessed from the EMA surveys using self-repor-
ted real-time pain intensity on a O to 100 visual analog
scale. Physical functioning will be assessed from the EMA
surveys using self-reported real-time pain interference and
from the Fitbit using step counts. Emotional functioning
will be assessed from the EMA surveys using self-reported
real-time anxiety and depression symptoms (Brief Symptom
Inventory).

Separate generalized linear mixed-effects models (GLMM)
or generalized estimating equations (GEE) will be used to
compare the temporal changes in each of the main outcomes
(pain intensity level, physical and emotional functioning)
between the MM and comparison groups. A difference-in-
difference analysis will be conducted. A propensity score
method will account for potential baseline differences
between the 2 groups for analysis with inverse probability
of treatment weighting. Daily MM use measured via EMA
will be a time-varying exposure variable in the GLMM
or GEE models to account for crossover between groups.
The research team will also include time-varying covari-
ates in these models to account for potential impacts of
other non-pharmaceutical pain treatments (eg, category of
treatments and number of sessions for each category) and
non-MM use (self-reported frequency/quantity).

Aim 2

Aim 2 is to evaluate whether MM use leads to longer-term
changes over a 12-month period based on self-reported pain
intensity, emotional and physical functioning, health-related
quality of life, and cellular aging markers such as telomere
length.

Key outcomes of interest include pain intensity and
interference, physical functioning, emotional functioning,
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cognitive function, opioid, benzodiazepine, and other
medication use, sleep quality, quality of life, and cellular
aging. Pain intensity will be assessed from EMA surveys,
similar to Aim 1, as well as Brief Pain Inventory and
GCPS responses from the core survey. Physical function-
ing will be assessed from EMA surveys, similar to Aim
1, and the PROMIS Pain Interference Scale from the core
survey. Emotional functioning will be assessed from EMA
surveys, similar to Aim 1, and the PROMIS Anxiety and
Depression Scales from the core survey. Cognitive function
will be assessed using the NIH Toolbox Cognition Battery
and self-reported changes in cognition from the core survey.
Opioid, benzodiazepine, and other medication use will be
assessed using the Medication Quantification Scale from the
core survey. Sleep quality will be assessed using self-repor-
ted sleep duration and quality from the EMA surveys, the
Pittsburgh Sleep Quality Index from the core survey, and
Fitbit-recorded sleep duration. Quality of life will be assessed
using the PROMIS Global-10 and Patient Global Impres-
sion of Change from the core survey. Cellular aging will
be assessed by measuring telomere length from buffy coat
samples.

The research team will analyze 2 types of data:
(1) intensive longitudinal data (EMA, Fitbit, opioid, and
benzodiazepine dose) and (2) data collected only at baseline
and 12 months (core survey, cognitive tests, biomarkers). For
intensive longitudinal data, separate GLMM or GEE models
will be built to compare longitudinal trajectories in each
outcome (pain intensity, emotional and physical functioning,
opioid dose) measured at multiple time points over 12 months
between the MM group and the comparison group. As in Aim
1, we will treat MM use as a time-varying exposure variable
to account for crossover and include other nonpharmaceutical
pain treatments and nonmedical marijuana as time-varying
covariates. The analysis will use the exact time (eg, hours)
of each measurement (instead of days) for constructing the
trajectory and thus does not need to average measurements
within each day into a single value. For measures collected
only at baseline and 12 months, generalized linear regres-
sion models will be used to compare group differences in
the survey data (eg, anxiety/depression, disability, quality
of life), cognitive test results, and telomere length. Addi-
tionally, milligram morphine equivalent opioid dosage from
the prescription drug monitoring program will be obtained
through medical records to assess differences in the risk
of unintentional overdose between the MM and comparison
groups.

Aim 3

Aim 3 is to examine among individuals initiating MM which
MM product characteristics (ie, THC:CBD ratio, administra-
tion route, dose) are associated with greater improvements
in the outcomes defined in Aims 1 and 2, or with a greater
incidence of side effects, and explore whether individual
differences (eg, sex, baseline pain phenotype) moderate these
relationships. Key outcomes of interest are defined in Aims 1
and 2.
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Separate GLMM or GEE models using each product
characteristic as a predictor will be developed. As in Aims
1 and 2, we will treat MM use as a time-varying exposure
variable to account for crossover and include other nonphar-
maceutical pain treatments and nonmedical marijuana as
time-varying covariates. The research team will construct a
multivariate model to include all 3 product characteristics
(ie, THC:CBD ratio, administration route, dose) as predictors
for each main outcome using stepwise model selection or
least absolute shrinkage and selection operator to account
for potential interactions within these product characteristics.
To determine significant moderating effects of interperso-
nal differences, separate GLMM or GEE models will be
conducted by gender (male vs female) or at each level of
the moderator (low/moderate/high stage of pain, low/high
marijuana expectancy, low/high social desirability bias) to
assess whether the main effect of the MM product character-
istic on each main outcome differs by group membership or
the level of the moderator.

Missing Data

Missing data will be examined to determine whether
information is missing at random by comparing participants
with and without missing data. If no significant differences
are observed in key demographics, missing at random will
be assumed. If missingness exceeds 5%, we will use multiple
imputation methods to impute missing responses. Sensitiv-
ity analyses will be conducted to assess the impact of the
imputed data.

Possible Risks and Discomforts

Adverse Events

Adverse events and discomforts may occur due to participa-
tion in the study. In the event of adverse events, the PI will
determine whether the event is serious and related to the study
procedures. If this is the case, the PI will report the event to
the NIH and IRB within 72 hours of the event. If the event
is not serious, it will be reported to the NIH and IRB during
regular status reports.

Breach of Confidentiality

Our study will collect data on participants’ medications,
including MM. Breaches of confidentiality could occur
through communications with participants, loss of research
data, or transfer of data.

Questionnaires and Interviews

The assessments used in this study address some sensitive
issues, such as mental well-being and drug use. The major
disadvantages of these assessments are the time required to
complete them and the potential breach of confidentiality.
Our past experience with these measures indicates that they
are acceptable to participants.

Cognitive Tests

There are minimal risks associated with these tests. Partici-
pants may experience fatigue and feelings of frustration while
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completing the cognitive function tests. Some participants
may also experience stress associated with being tested,
though this tends to be quite limited.

EMA Surveys

The EMA involves minimal risk as it only collects self-
reported data related to participants’ symptoms and their
relief, experienced side effects, and other related feelings
(eg, anxiety, depression). The major disadvantage of this
assessment is the time required to complete daily reports.
The possibility of a confidentiality breach is very low because
the data collected from the mobile app will be encrypted and
pushed to the cloud-based storage database. No data are ever
stored on the server’s file system but always in the database.
Access to the database is gated, so entry is only permitted
to users entering through the approved route (ie, you cannot
hack your way into the database by guessing the URL).

Pain Sensory Tests

Procedures may be uncomfortable or unpleasant. Participants
may experience some temporary discomfort from the pressure
and mechanical pain testing. However, if they feel the pain
is greater than they wish to tolerate, they can stop any of the
procedures at any time.

Urine Sample Collection

The risk is minimal for urine sample collection, although
some people may experience embarrassment when providing
the sample.

Blood Collection

The risks of drawing blood from a vein include discomfort at
the site of puncture; possible bruising and swelling around the
puncture site; rarely, an infection; and uncommonly, faintness
from the procedure.

Fitbit Data Collection

The risk is minimal when wearing a Fitbit during the EMA
period. All data from Fitbit do not include personal identifi-
ers. Data will be stored temporarily on cloud-based storage
and will be downloaded regularly onto a secure UF server.
Data will be encrypted during the transmission process to
ensure security.

Anthropometric and Cardiovascular
Assessments

The risk is minimal for collecting these measures, includ-
ing height, weight, blood pressure, and heart rate. Some

participants may feel slightly uncomfortable or embarrassed
about having some of these measures taken.

Results

The SMILE study was funded by the NIH/National Institute
on Aging in February 2022. Recruitment for the SMILE
study began in July 2022 and is expected to continue until
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2025, with the last participants recruited completing study
involvement in 2026. As of October 2025, we have enrolled

399 participants, with 277 in the MM group and 122 in the

Table 3. Study timeline.
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comparison group. Data analysis is currently underway, and
results are expected to be published starting in 2027. The
anticipated timeline for the study is shown in Table 3.

Research tasks 2022 2023 2024 2025 2026

H1? H2 H1 H2 Hl1 H2 Hl1 H2 H1 H2
Recruitment and baseline assessments v v v v v v v
Follow-up assessments (EMAP/Fitbit, 1-y visit) v v v v v v v v
Data/merge analysis and results dissemination v v v 4 4 4 v

H1 and H2 indicate the first and second halves of the year.
EMA: ecological momentary assessment.

Discussion

Strengths and Innovation

This project is the first prospective cohort study to com-
prehensively investigate the IMMPACT-recommended core
outcomes [48-50] and cognitive function, using multisource
(survey, EMA, sensor, and biomarker) subjective and
objective data collected in real time and over 12 months to
evaluate the effects of MM use on older adults with chronic
pain. This project is innovative in a number of ways.

Use of Smartphone and Sensor-Based
EMA

Mobile technology has rapidly revolutionized health care and
research, but it has not yet been widely applied in efforts
to investigate the emerging phenomenon of widespread MM
use among older adults [45]. This project is the first to
leverage both smartphone-based EMA and Fitbit devices to
obtain detailed MM use pattern data, as well as subjective
and objective real-time measures of pain and functioning
in patients’ daily lives. Such data can also provide valua-
ble insights into which MM products are associated with
improvements in short-term outcomes [91, 92].

Enhanced Longitudinal Cohort Design

Our study is the first to leverage a measurement burst design
within a cohort study to examine the short- and longer-term
effects of MM on older adults. The baseline and 12-month
follow-up data will provide comprehensive assessments of
pain, functioning, and overall quality of life as snapshots
at 2 time points, whereas the quarterly EMA measurement
bursts will provide detailed data on short-term variability
in pain intensity and physical and emotional functioning,
as well as the trajectory of change over 12 months. We
will include baseline assessments before participants initiate
MM treatment and a comparison group who share simi-
lar demographic and health characteristics to reach causal
inference.
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Incorporation of Telomere Length as
a Measure to Assess MM’s Effect on
Cellular Aging Over a 12-Month Period

We and others have shown that telomere length, a measure
of cellular aging, is a biomarker of stress-related burdens and
buffers [37,38,59,93]. However, no research has investiga-
ted how MM may influence cellular aging, as measured
by telomere length, in individuals with chronic pain. The
proposed study will address this gap by collecting and
analyzing telomere length at baseline and after 12 months.

Consideration of Interpersonal
Differences, Including Pain Phenotyping
at Baseline

Our study will be the first to examine whether MM’s effects
differ based on biological factors (sex and pain phenotyping)
and psychological factors (expectancy and social desirability)
using established scales [58,76,82]. Such information has
valuable implications for physicians and patients regarding
which patient subgroups may experience greater benefits
from MM use.

Inclusion of Blood Tests for
Multiple Cannabinoids and Associated
Metabolites

Our study is the first to test plasma-level cannabinoids and
associated metabolites over the course of 1 year for a cohort
of older adults with chronic pain. Previous studies have
shown that blood tests of cannabinoids and their metabolites
can provide valuable information on marijuana use [61-63].
The rich information obtained from repeated blood tests
offers objective measures of cannabis exposure to inform how
various compounds (eg, THC, CBD) in MM impact health
outcomes in this population.

This study will provide valuable scientific evidence to
inform physician and patient decisions on using MM as an
alternative or supplemental pain treatment option for older
adults. With multisource data collected in real time and
over 12 months, our results will contribute to the greatly
needed evidence on: (1) whether MM can reduce pain and
improve physical and emotional functioning in the short term
among older adults; (2) whether the effects of MM last for
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12 months and demonstrate quality of life improvements;
(3) whether health benefits or consequences differ by MM
product type; and (4) which subgroups of patients may benefit
more from MM use. Should this study confirm that MM
helps to improve pain, emotional and physical functioning,
and quality of life without significantly reducing cognitive
function over a 12-month period, future steps will involve
conducting a more focused investigation of specific MM
products (eg, sublingual drops with a 1:1 THC:CBD ratio)
that are associated with more beneficial outcomes. Future
studies are needed to examine treatment side effects as well as
optimal dosage to inform more specific recommendations for
MM.

Limitations

There are several limitations to our study. Patients can
obtain an MM card as early as the same day they meet
with a qualifying physician, which may limit the ability to
enroll participants prior to the initiation of MM treatment.
Conversely, some participants in the MM group, despite
expressing an intention to start treatment promptly, may
experience delays in initiation due to various barriers, such as
financial constraints or access issues. To address this issue,
we have implemented additional compensation for partici-
pants who delay the initiation of their MM treatment to enroll
in the study and begin MM treatment within 4 weeks of
their baseline visit. Another potential limitation of the SMILE

Robinson et al

study is the wide variety of MM products and modes of
administration available. As this is an observational study, no
limitations are placed on what types of products may be used
by participants. Attrition bias is a concern, as study partici-
pants who experience side effects or receive no benefits from
MM treatment may withdraw from the study, which could
result in a more favorable outcome toward MM improving
chronic pain. To prevent this, our team emphasizes to the
participants that we would like to continue monitoring their
health outcomes regardless of whether they continue using
MM. Our team may also waive certain data measures (eg,
EMA, Fitbit) to make participation easier for individuals who
are considering withdrawing from the study. Additionally,
individuals with chronic pain may be experiencing pain due
to undiagnosed cancer, which could result in misclassifica-
tion.

Dissemination Plan and Future Research

Results from this study will be published in peer-reviewed
research journals and presented at conferences. Author-
ship for all manuscripts and presentations will follow the
International Committee of Medical Journal Editors recom-
mendations. Future research will be needed to expand the
literature on the use of MM in older adults with chronic pain.
In addition, the use of randomized controlled trials to control
for the types of MM products used by participants will be
useful in the future.

Acknowledgments

The research team would like to acknowledge the clinics that assisted in recruiting and referring participants to participate
in our study. These clinics include CannaMD, DocMJ, Florida Marijuana Doctors, Releafe Now, and UF Health Clinics.
Additionally, we would like to acknowledge our data managers and research staff.

Funding

The Study on Medical Marijuana and Its Long-Term Effects on Older Adults (SMILE) study is funded by the National
Institutes of Health/National Institute on Aging (RO1AGO071729 and RO1AG071729-01A1S1; principal investigator: YW).

Data Availability

Deidentified data will be available following the initial publication of findings upon reasonable request. Once the main
analyses are complete, you may contact the principal investigator, YW (ywang48@ufl.edu), to inquire about data availability.

Conflicts of Interest
None declared.

Checklist 1

SPIROS checklist.
[PDF File (Adobe File), 830 KB-Checklist 1]

References

1. National Academies of Sciences, Engineering, and Medicine, Health and Medicine Division, Board on Population Health
and Public Health Practice, Committee on the Health Effects of Marijuana: An Evidence Review and Research Agenda.
The Health Effects of Cannabis and Cannabinoids The Current State of Evidence and Recommendations for Research.
National Academies Press; 2017. URL: https://www.ncbi.nlm.nih.gov/books/NBK423845/ [Accessed 2026-03-05]

[Medline: 28182367] ISBN: 978-0-309-45304-2

2. Hill KP, Palastro MD, Johnson B, Ditre JW. Cannabis and pain: a clinical review. Cannabis Cannabinoid Res.
2017;2(1):96-104. [doi: 10.1089/can.2017.0017] [Medline: 28861509]

3. Park JY, Wu LT. Prevalence, reasons, perceived effects, and correlates of medical marijuana use: a review. Drug
Alcohol Depend. Aug 1,2017;177:1-13. [doi: 10.1016/j.drugalcdep.2017.03.009] [Medline: 28549263 ]

https://www researchprotocols.org/2026/1/e78900

JMIR Res Protoc 2026 | vol. 151e78900 | p. 11
(page number not for citation purposes)


https://jmir.org/api/download?alt_name=resprot_v15i1e78900_app1.pdf
https://jmir.org/api/download?alt_name=resprot_v15i1e78900_app1.pdf
https://www.ncbi.nlm.nih.gov/books/NBK423845/
http://www.ncbi.nlm.nih.gov/pubmed/28182367
https://doi.org/10.1089/can.2017.0017
http://www.ncbi.nlm.nih.gov/pubmed/28861509
https://doi.org/10.1016/j.drugalcdep.2017.03.009
http://www.ncbi.nlm.nih.gov/pubmed/28549263
https://www.researchprotocols.org/2026/1/e78900

JMIR RESEARCH PROTOCOLS Robinson et al

4.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

Dahlhamer J, Lucas J, Zelaya C, et al. Prevalence of chronic pain and high-impact chronic pain among adults - United
States, 2016. MMWR Morb Mortal Wkly Rep. Sep 14,2018;67(36):1001-1006. [doi: 10.15585/mmwr.mm6736a2]
[Medline: 30212442]

Salas-Wright CP, Vaughn MG, Cummings-Vaughn LA, et al. Trends and correlates of marijuana use among late middle-
aged and older adults in the United States, 2002-2014. Drug Alcohol Depend. Feb 1,2017;171:97-106. [doi: 10.1016/].
drugalcdep.2016.11.031] [Medline: 28063338]

Lloyd SL, Striley CW. Marijuana use among adults 50 years or older in the 21st century. Gerontol Geriatr Med.
2018;4:2333721418781668. [doi: 10.1177/2333721418781668] [Medline: 29977980]

Boehnke KF, Scott JR, Litinas E, Sisley S, Williams DA, Clauw DJ. Pills to pot: observational analyses of cannabis
substitution among medical cannabis users with chronic pain. J Pain. Jul 2019;20(7):830-841. [doi: 10.1016/j.jpain.2019.
01.010] [Medline: 30690169]

Wang T, Collet JP, Shapiro S, Ware MA. Adverse effects of medical cannabinoids: a systematic review. CMAIJ. Jun 17,
2008;178(13):1669-1678. [doi: 10.1503/cmaj.071178] [Medline: 18559804]

Pletcher MJ, Vittinghoff E, Kalhan R, et al. Association between marijuana exposure and pulmonary function over 20
years. JAMA. Jan 11, 2012;307(2):173-181. [doi: 10.1001/jama.2011.1961] [Medline: 22235088]

Lee G, Grovey B, Furnish T, Wallace M. Medical cannabis for neuropathic pain. Curr Pain Headache Rep. Feb 1,
2018;22(1):8. [doi: 10.1007/s11916-018-0658-8] [Medline: 29388063]

Miicke M, Phillips T, Radbruch L, Petzke F, Hauser W. Cannabis-based medicines for chronic neuropathic pain in
adults. Cochrane Database Syst Rev. Mar 7,2018;3(3):CD012182. [doi: 10.1002/14651858.CD012182.pub2] [Medline:
29513392]

Gruber SA, Sagar KA, Dahlgren MK, et al. The grass might be greener: medical marijuana patients exhibit altered brain
activity and improved executive function after 3 months of treatment. Front Pharmacol. 2017;8:983. [doi: 10.3389/fphar.
2017.00983] [Medline: 29387010]

Powell D, Pacula RL, Jacobson M. Do medical marijuana laws reduce addictions and deaths related to pain killers? J
Health Econ. Mar 2018;58:29-42. [doi: 10.1016/j.jhealeco.2017.12.007] [Medline: 29408153]

Bradford AC, Bradford WD. Medical marijuana laws reduce prescription medication use in Medicare Part D. Health Aff
Millwood). Jul 1,2016;35(7):1230-1236. [doi: 10.1377/hlthaff.2015.1661] [Medline: 27385238]

Finney JW, Humphreys K, Harris AHS. What ecologic analyses cannot tell us about medical marijuana legalization and
opioid pain medication mortality. JAMA Intern Med. Apr 2015;175(4):655-656. [doi: 10.1001/jamainternmed.2014.
8006] [Medline: 25844747]

Hall W, West R, Marsden J, Humphreys K, Neale J, Petry N. It is premature to expand access to medicinal cannabis in
hopes of solving the US opioid crisis. Addiction. Jun 2018;113(6):987-988. [doi: 10.1111/add.14139] [Medline:
29468760]

Olfson M, Wall MM, Liu SM, Blanco C. Cannabis use and risk of prescription opioid use disorder in the United States.
Am J Psychiatry. Jan 1, 2018;175(1):47-53. [doi: 10.1176/appi.ajp.2017.17040413] [Medline: 28946762]

Hasin DS. US epidemiology of cannabis use and associated problems. Neuropsychopharmacology. Jan
2018;43(1):195-212. [doi: 10.1038/npp.2017.198] [Medline: 28853439]

Campbell G, Hall WD, Peacock A, et al. Effect of cannabis use in people with chronic non-cancer pain prescribed
opioids: findings from a 4-year prospective cohort study. Lancet Public Health. Jul 2018;3(7):e341-e350. [doi: 10.1016/
S2468-2667(18)30110-5] [Medline: 29976328]

O’Connell M, Sandgren M, Frantzen L, Bower E, Erickson B. Medical cannabis: effects on opioid and benzodiazepine
requirements for pain control. Ann Pharmacother. Nov 2019;53(11):1081-1086. [doi: 10.1177/1060028019854221]
[Medline: 31129977]

Ware MA, Wang T, Shapiro S, Collet JP, COMPASS study team. Cannabis for the management of pain: assessment of
safety study (COMPASS). J Pain. Dec 2015;16(12):1233-1242. [doi: 10.1016/j.jpain.2015.07.014] [Medline: 26385201]
Minerbi A, Hiuser W, Fitzcharles MA. Medical cannabis for older patients. Drugs Aging. Jan 2019;36(1):39-51. [doi:
10.1007/s40266-018-0616-5] [Medline: 30488174]

Abuhasira R, Schleider LBL, Mechoulam R, Novack V. Epidemiological characteristics, safety and efficacy of medical
cannabis in the elderly. Eur J Intern Med. Mar 2018;49:44-50. [doi: 10.1016/j.ejim.2018.01.019] [Medline: 29398248]
Vyas MB, LeBaron VT, Gilson AM. The use of cannabis in response to the opioid crisis: a review of the literature. Nurs
Outlook. 2018;66(1):56-65. [doi: 10.1016/j.outlook.2017.08.012] [Medline: 28993073]

McDonagh MS, Morasco BJ, Wagner J, et al. Cannabis-based products for chronic pain: a systematic review. Ann Intern
Med. Aug 2022;175(8):1143-1153. [doi: 10.7326/M21-4520] [Medline: 35667066]

https://www researchprotocols.org/2026/1/e78900 JMIR Res Protoc 2026 | vol. 15 1e78900 | p. 12

(page number not for citation purposes)


https://doi.org/10.15585/mmwr.mm6736a2
http://www.ncbi.nlm.nih.gov/pubmed/30212442
https://doi.org/10.1016/j.drugalcdep.2016.11.031
https://doi.org/10.1016/j.drugalcdep.2016.11.031
http://www.ncbi.nlm.nih.gov/pubmed/28063338
https://doi.org/10.1177/2333721418781668
http://www.ncbi.nlm.nih.gov/pubmed/29977980
https://doi.org/10.1016/j.jpain.2019.01.010
https://doi.org/10.1016/j.jpain.2019.01.010
http://www.ncbi.nlm.nih.gov/pubmed/30690169
https://doi.org/10.1503/cmaj.071178
http://www.ncbi.nlm.nih.gov/pubmed/18559804
https://doi.org/10.1001/jama.2011.1961
http://www.ncbi.nlm.nih.gov/pubmed/22235088
https://doi.org/10.1007/s11916-018-0658-8
http://www.ncbi.nlm.nih.gov/pubmed/29388063
https://doi.org/10.1002/14651858.CD012182.pub2
http://www.ncbi.nlm.nih.gov/pubmed/29513392
https://doi.org/10.3389/fphar.2017.00983
https://doi.org/10.3389/fphar.2017.00983
http://www.ncbi.nlm.nih.gov/pubmed/29387010
https://doi.org/10.1016/j.jhealeco.2017.12.007
http://www.ncbi.nlm.nih.gov/pubmed/29408153
https://doi.org/10.1377/hlthaff.2015.1661
http://www.ncbi.nlm.nih.gov/pubmed/27385238
https://doi.org/10.1001/jamainternmed.2014.8006
https://doi.org/10.1001/jamainternmed.2014.8006
http://www.ncbi.nlm.nih.gov/pubmed/25844747
https://doi.org/10.1111/add.14139
http://www.ncbi.nlm.nih.gov/pubmed/29468760
https://doi.org/10.1176/appi.ajp.2017.17040413
http://www.ncbi.nlm.nih.gov/pubmed/28946762
https://doi.org/10.1038/npp.2017.198
http://www.ncbi.nlm.nih.gov/pubmed/28853439
https://doi.org/10.1016/S2468-2667(18)30110-5
https://doi.org/10.1016/S2468-2667(18)30110-5
http://www.ncbi.nlm.nih.gov/pubmed/29976328
https://doi.org/10.1177/1060028019854221
http://www.ncbi.nlm.nih.gov/pubmed/31129977
https://doi.org/10.1016/j.jpain.2015.07.014
http://www.ncbi.nlm.nih.gov/pubmed/26385201
https://doi.org/10.1007/s40266-018-0616-5
http://www.ncbi.nlm.nih.gov/pubmed/30488174
https://doi.org/10.1016/j.ejim.2018.01.019
http://www.ncbi.nlm.nih.gov/pubmed/29398248
https://doi.org/10.1016/j.outlook.2017.08.012
http://www.ncbi.nlm.nih.gov/pubmed/28993073
https://doi.org/10.7326/M21-4520
http://www.ncbi.nlm.nih.gov/pubmed/35667066
https://www.researchprotocols.org/2026/1/e78900

JMIR RESEARCH PROTOCOLS Robinson et al

26.

217.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

Wang L, Hong PJ, May C, et al. Medical cannabis or cannabinoids for chronic non-cancer and cancer related pain: a
systematic review and meta-analysis of randomised clinical trials. BMJ. Sep 8,2021;374:n1034. [doi: 10.1136/bmj.
n1034] [Medline: 34497047]

Whiting PF, Wolff RF, Deshpande S, et al. Cannabinoids for medical use: a systematic review and meta-analysis.
JAMA. 2015;313(24):2456-2473. [doi: 10.1001/jama.2015.6358] [Medline: 26103030]

Stockings E, Campbell G, Hall WD, et al. Cannabis and cannabinoids for the treatment of people with chronic noncancer
pain conditions: a systematic review and meta-analysis of controlled and observational studies. Pain. Oct
2018;159(10):1932-1954. [doi: 10.1097/j.pain.0000000000001293] [Medline: 29847469]

Boland EG, Bennett MI, Allgar V, Boland JW. Cannabinoids for adult cancer-related pain: systematic review and meta-
analysis. BMJ Support Palliat Care. Mar 2020;10(1):14-24. [doi: 10.1136/bmjspcare-2019-002032] [Medline: 31959586]
Aviram J, Samuelly-Leichtag G. Efficacy of cannabis-based medicines for pain management: a systematic review and
meta-analysis of randomized controlled trials. Pain Physician. Sep 2017;20(6):E755-E796. [Medline: 28934780]
Shover CL, Davis CS, Gordon SC, Humphreys K. Association between medical cannabis laws and opioid overdose
mortality has reversed over time. Proc Natl Acad Sci U S A. Jun 25,2019;116(26):12624-12626. [doi: 10.1073/pnas.
1903434116] [Medline: 31182592]

Raji MA, Abara NO, Salameh H, Westra JR, Kuo YF. Association between cannabis laws and opioid prescriptions
among privately insured adults in the US. Prev Med. Aug 2019;125:62-68. [doi: 10.1016/j.ypmed.2019.05.012]
[Medline: 31125629]

Segura LE, Mauro CM, Levy NS, et al. Association of US medical marijuana laws with nonmedical prescription opioid
use and prescription opioid use disorder. JAMA Netw Open. Jul 3,2019;2(7):197216. [doi: 10.1001/jamanetworkopen.
2019.7216] [Medline: 31314118]

Piper BJ, Beals ML, Abess AT, et al. Chronic pain patients’ perspectives of medical cannabis. Pain. Jul
2017;158(7):1373-1379. [doi: 10.1097/j.pain.0000000000000899] [Medline: 28328576]

Edwards RR, Dworkin RH, Turk DC, et al. Patient phenotyping in clinical trials of chronic pain treatments: IMMPACT
recommendations. Pain. Sep 2016;157(9):1851-1871. [doi: 10.1097/j.pain.0000000000000602] [Medline: 27152687]
Naranjo-Hernandez D, Reina-Tosina J, Roa LM. Sensor technologies to manage the physiological traits of chronic pain:
areview. Sensors (Basel). Jan 8, 2020;20(2):365. [doi: 10.3390/s20020365] [Medline: 31936420]

Sibille KT, Chen H, Bartley EJ, et al. Accelerated aging in adults with knee osteoarthritis pain: consideration for
frequency, intensity, time, and total pain sites. Pain Rep. May 2017;2(3):e591. [doi: 10.1097/PR9.0000000000000591]
[Medline: 29392207]

Johnson AJ, Terry E, Bartley EJ, et al. Resilience factors may buffer cellular aging in individuals with and without
chronic knee pain. Mol Pain. 2019;15:1744806919842962. [doi: 10.1177/1744806919842962] [Medline: 30900507]
Feingold D, Brill S, Goor-Aryeh I, Delayahu Y, Lev-Ran S. Medical marijuana dependence among chronic pain patients
suffering from depression and anxiety [Article in Hebrew]. Harefuah. Jul 2019;158(7):438-444. [Medline: 31339242]
Aldington D, Eccleston C. Evidence-based pain management: building on the foundations of Cochrane systematic
reviews. Am J Public Health. Jan 2019;109(1):46-49. [doi: 10.2105/AJPH.2018.304745] [Medline: 30495991]

Héuser W, Finnerup NB, Moore RA. Systematic reviews with meta-analysis on cannabis-based medicines for chronic
pain: a methodological and political minefield. Pain. Oct 2018;159(10):1906-1907. [doi: 10.1097/j.pain.
0000000000001295] [Medline: 29847473]

NIDA’s role in providing cannabis for research. National Institute on Drug Abuse (NIDA). 2020. URL: https://nida.nih.
gov/research/resources-grants-contracts/nidas-role-in-providing-cannabis-research [Accessed 2025-04-03]

Carr D, Schatman M. Cannabis for chronic pain: not ready for prime time. Am J Public Health. Jan 2019;109(1):50-51.
[doi: 10.2105/AJPH.2018.304593] [Medline: 32941762]

Bachhuber MA, Arnsten JH, Starrels JL, Cunningham CO. Willingness to participate in longitudinal research among
people with chronic pain who take medical cannabis: a cross-sectional survey. Cannabis Cannabinoid Res.
2018;3(1):45-53. [doi: 10.1089/can.2017.0051] [Medline: 29607410]

Volkow ND, Weiss SRB. Importance of a standard unit dose for cannabis research. Addiction. Jul
2020;115(7):1219-1221. [doi: 10.1111/add.14984] [Medline: 32083354]

Lev-Ran S, Roerecke M, Le Foll B, George TP, McKenzie K, Rehm J. The association between cannabis use and
depression: a systematic review and meta-analysis of longitudinal studies. Psychol Med. Mar 2014;44(4):797-810. [doi:
10.1017/S0033291713001438] [Medline: 23795762]

Volkow ND, Baler RD, Compton WM, Weiss SRB. Adverse health effects of marijuana use. N Engl J] Med. Jun 5,
2014;370(23):2219-2227. [doi: 10.1056/NEJMra1402309] [Medline: 24897085]

https://www researchprotocols.org/2026/1/e78900 JMIR Res Protoc 2026 | vol. 15 1e78900 | p. 13

(page number not for citation purposes)


https://doi.org/10.1136/bmj.n1034
https://doi.org/10.1136/bmj.n1034
http://www.ncbi.nlm.nih.gov/pubmed/34497047
https://doi.org/10.1001/jama.2015.6358
http://www.ncbi.nlm.nih.gov/pubmed/26103030
https://doi.org/10.1097/j.pain.0000000000001293
http://www.ncbi.nlm.nih.gov/pubmed/29847469
https://doi.org/10.1136/bmjspcare-2019-002032
http://www.ncbi.nlm.nih.gov/pubmed/31959586
http://www.ncbi.nlm.nih.gov/pubmed/28934780
https://doi.org/10.1073/pnas.1903434116
https://doi.org/10.1073/pnas.1903434116
http://www.ncbi.nlm.nih.gov/pubmed/31182592
https://doi.org/10.1016/j.ypmed.2019.05.012
http://www.ncbi.nlm.nih.gov/pubmed/31125629
https://doi.org/10.1001/jamanetworkopen.2019.7216
https://doi.org/10.1001/jamanetworkopen.2019.7216
http://www.ncbi.nlm.nih.gov/pubmed/31314118
https://doi.org/10.1097/j.pain.0000000000000899
http://www.ncbi.nlm.nih.gov/pubmed/28328576
https://doi.org/10.1097/j.pain.0000000000000602
http://www.ncbi.nlm.nih.gov/pubmed/27152687
https://doi.org/10.3390/s20020365
http://www.ncbi.nlm.nih.gov/pubmed/31936420
https://doi.org/10.1097/PR9.0000000000000591
http://www.ncbi.nlm.nih.gov/pubmed/29392207
https://doi.org/10.1177/1744806919842962
http://www.ncbi.nlm.nih.gov/pubmed/30900507
http://www.ncbi.nlm.nih.gov/pubmed/31339242
https://doi.org/10.2105/AJPH.2018.304745
http://www.ncbi.nlm.nih.gov/pubmed/30495991
https://doi.org/10.1097/j.pain.0000000000001295
https://doi.org/10.1097/j.pain.0000000000001295
http://www.ncbi.nlm.nih.gov/pubmed/29847473
https://nida.nih.gov/research/resources-grants-contracts/nidas-role-in-providing-cannabis-research
https://nida.nih.gov/research/resources-grants-contracts/nidas-role-in-providing-cannabis-research
https://doi.org/10.2105/AJPH.2018.304593
http://www.ncbi.nlm.nih.gov/pubmed/32941762
https://doi.org/10.1089/can.2017.0051
http://www.ncbi.nlm.nih.gov/pubmed/29607410
https://doi.org/10.1111/add.14984
http://www.ncbi.nlm.nih.gov/pubmed/32083354
https://doi.org/10.1017/S0033291713001438
http://www.ncbi.nlm.nih.gov/pubmed/23795762
https://doi.org/10.1056/NEJMra1402309
http://www.ncbi.nlm.nih.gov/pubmed/24897085
https://www.researchprotocols.org/2026/1/e78900

JMIR RESEARCH PROTOCOLS Robinson et al

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

Dworkin RH, Turk DC, Wyrwich KW, et al. Interpreting the clinical importance of treatment outcomes in chronic pain
clinical trials: IMMPACT recommendations. J Pain. Feb 2008;9(2):105-121. [doi: 10.1016/j.jpain.2007.09.005]
[Medline: 18055266]

Turk DC, Dworkin RH, Allen RR, et al. Core outcome domains for chronic pain clinical trials: IMMPACT
recommendations. Pain. Dec 2003;106(3):337-345. [doi: 10.1016/j.pain.2003.08.001] [Medline: 14659516]

Dworkin RH, Turk DC, Farrar JT, et al. Core outcome measures for chronic pain clinical trials: IMMPACT
recommendations. Pain. Jan 2005;113(1-2):9-19. [doi: 10.1016/j.pain.2004.09.012] [Medline: 15621359]

Bass PF, Wilson JF, Griffith CH. A shortened instrument for literacy screening. J Gen Intern Med. Dec
2003;18(12):1036-1038. [doi: 10.1111/.1525-1497.2003.10651 .x] [Medline: 14687263]

Dieppe P. Chronic musculoskeletal pain. BMJ. May 16, 2013;346:£3146. [doi: 10.1136/bmj.f3146] [Medline: 23709528]
Treede RD, Rief W, Barke A, et al. Chronic pain as a symptom or a disease: the IASP Classification of Chronic Pain for
the International Classification of Diseases (ICD-11). Pain. Jan 2019;160(1):19-27. [doi: 10.1097/].pain.
0000000000001384] [Medline: 30586067]

van de Donk T, Niesters M, Kowal MA, Olofsen E, Dahan A, van Velzen M. An experimental randomized study on the
analgesic effects of pharmaceutical-grade cannabis in chronic pain patients with fibromyalgia. Pain. Apr
2019;160(4):860-869. [doi: 10.1097/j.pain.0000000000001464] [Medline: 30585986]

Hasin DS, O’Brien CP, Auriacombe M, et al. DSM-5 criteria for substance use disorders: recommendations and
rationale. Am J Psychiatry. Aug 2013;170(8):834-851. [doi: 10.1176/appi.ajp.2013.12060782] [Medline: 23903334]
Skinner HA. The drug abuse screening test. Addict Behav. 1982;7(4):363-371. [doi: 10.1016/0306-4603(82)90005-3]
[Medline: 7183189]

Yudko E, Lozhkina O, Fouts A. A comprehensive review of the psychometric properties of the Drug Abuse Screening
Test. J Subst Abuse Treat. Mar 2007;32(2):189-198. [doi: 10.1016/j.jsat.2006.08.002] [Medline: 17306727]

Sibille KT, Steingrimsdéttir OA, Fillingim RB, et al. Investigating the burden of chronic pain: an inflammatory and
metabolic composite. Pain Res Manag. 2016;2016:7657329. [doi: 10.1155/2016/7657329] [Medline: 27445627]
Sibille KT, Witek-Janusek L, Mathews HL, Fillingim RB. Telomeres and epigenetics: potential relevance to chronic
pain. Pain. Sep 2012;153(9):1789-1793. [doi: 10.1016/j.pain.2012.06.003] [Medline: 22770844]

Stout SA, Lin J, Hernandez N, et al. Validation of minimally-invasive sample collection methods for measurement of
telomere length. Front Aging Neurosci. 2017;9:397. [doi: 10.3389/fnagi.2017.00397] [Medline: 29270121]

Klawitter J, Sempio C, Morlein S, et al. An atmospheric pressure chemical ionization MS/MS assay using online
extraction for the analysis of 11 cannabinoids and metabolites in human plasma and urine. Ther Drug Monit. Oct
2017;39(5):556-564. [doi: 10.1097/FTD.0000000000000427] [Medline: 28640062]

Sempio C, Almaraz-Quinones N, Jackson M, et al. Simultaneous quantification of 17 cannabinoids by LC-MS-MS in
human plasma. J Anal Toxicol. Apr 21, 2022;46(4):383-392. [doi: 10.1093/jat/bkab030] [Medline: 33754154]

Gilman JM, Schmitt WA, Wheeler G, et al. Variation in cannabinoid metabolites present in the urine of adults using
medical cannabis products in Massachusetts. JAMA Netw Open. Apr 1,2021;4(4):¢215490. [doi: 10.1001/
jamanetworkopen.2021.5490] [Medline: 33844003]

King CD, Sibille KT, Goodin BR, et al. Experimental pain sensitivity differs as a function of clinical pain severity in
symptomatic knee osteoarthritis. Osteoarthritis Cartilage. Sep 2013;21(9):1243-1252. [doi: 10.1016/j.joca.2013.05.015]
[Medline: 23973137]

Heaton RK, Akshoomoff N, Tulsky D, et al. Reliability and validity of composite scores from the NIH Toolbox
Cognition Battery in adults. J Int Neuropsychol Soc. Jul 2014;20(6):588-598. [doi: 10.1017/S1355617714000241]
[Medline: 24960398]

Derogatis LR, Melisaratos N. The Brief Symptom Inventory: an introductory report. Psychol Med. Aug
1983;13(3):595-605. [Medline: 6622612]

Charlson ME, Pompei P, Ales KL, MacKenzie CR. A new method of classifying prognostic comorbidity in longitudinal
studies: development and validation. J Chronic Dis. 1987;40(5):373-383. [doi: 10.1016/0021-9681(87)90171-8]
[Medline: 3558716]

Harden RN, Weinland SR, Remble TA, et al. Medication Quantification Scale Version III: update in medication classes
and revised detriment weights by survey of American Pain Society Physicians. J Pain. Jun 2005;6(6):364-371. [doi: 10.
1016/].jpain.2005.01.350] [Medline: 15943958]

Chang KL, Fillingim R, Hurley RW, Schmidt S. Chronic pain management: nonpharmacological therapies for chronic
pain. FP Essent. May 2015;432:21-26. [Medline: 25970869]

Weingart SN, Gandhi TK, Seger AC, et al. Patient-reported medication symptoms in primary care. Arch Intern Med. Jan
24,2005;165(2):234-240. [doi: 10.1001/archinte.165.2.234] [Medline: 15668373]

https://www researchprotocols.org/2026/1/e78900 JMIR Res Protoc 2026 | vol. 15 1e78900 | p. 14

(page number not for citation purposes)


https://doi.org/10.1016/j.jpain.2007.09.005
http://www.ncbi.nlm.nih.gov/pubmed/18055266
https://doi.org/10.1016/j.pain.2003.08.001
http://www.ncbi.nlm.nih.gov/pubmed/14659516
https://doi.org/10.1016/j.pain.2004.09.012
http://www.ncbi.nlm.nih.gov/pubmed/15621359
https://doi.org/10.1111/j.1525-1497.2003.10651.x
http://www.ncbi.nlm.nih.gov/pubmed/14687263
https://doi.org/10.1136/bmj.f3146
http://www.ncbi.nlm.nih.gov/pubmed/23709528
https://doi.org/10.1097/j.pain.0000000000001384
https://doi.org/10.1097/j.pain.0000000000001384
http://www.ncbi.nlm.nih.gov/pubmed/30586067
https://doi.org/10.1097/j.pain.0000000000001464
http://www.ncbi.nlm.nih.gov/pubmed/30585986
https://doi.org/10.1176/appi.ajp.2013.12060782
http://www.ncbi.nlm.nih.gov/pubmed/23903334
https://doi.org/10.1016/0306-4603(82)90005-3
http://www.ncbi.nlm.nih.gov/pubmed/7183189
https://doi.org/10.1016/j.jsat.2006.08.002
http://www.ncbi.nlm.nih.gov/pubmed/17306727
https://doi.org/10.1155/2016/7657329
http://www.ncbi.nlm.nih.gov/pubmed/27445627
https://doi.org/10.1016/j.pain.2012.06.003
http://www.ncbi.nlm.nih.gov/pubmed/22770844
https://doi.org/10.3389/fnagi.2017.00397
http://www.ncbi.nlm.nih.gov/pubmed/29270121
https://doi.org/10.1097/FTD.0000000000000427
http://www.ncbi.nlm.nih.gov/pubmed/28640062
https://doi.org/10.1093/jat/bkab030
http://www.ncbi.nlm.nih.gov/pubmed/33754154
https://doi.org/10.1001/jamanetworkopen.2021.5490
https://doi.org/10.1001/jamanetworkopen.2021.5490
http://www.ncbi.nlm.nih.gov/pubmed/33844003
https://doi.org/10.1016/j.joca.2013.05.015
http://www.ncbi.nlm.nih.gov/pubmed/23973137
https://doi.org/10.1017/S1355617714000241
http://www.ncbi.nlm.nih.gov/pubmed/24960398
http://www.ncbi.nlm.nih.gov/pubmed/6622612
https://doi.org/10.1016/0021-9681(87)90171-8
http://www.ncbi.nlm.nih.gov/pubmed/3558716
https://doi.org/10.1016/j.jpain.2005.01.350
https://doi.org/10.1016/j.jpain.2005.01.350
http://www.ncbi.nlm.nih.gov/pubmed/15943958
http://www.ncbi.nlm.nih.gov/pubmed/25970869
https://doi.org/10.1001/archinte.165.2.234
http://www.ncbi.nlm.nih.gov/pubmed/15668373
https://www.researchprotocols.org/2026/1/e78900

JMIR RESEARCH PROTOCOLS Robinson et al

71.

72.

73.

74.

75.

76.

7.

78.

79.

80.

81.

82.

83.

84.

85.

86.

87.

88.

89.

90.

91.

Cleeland CS, Ryan KM. Pain assessment: global use of the Brief Pain Inventory. Ann Acad Med Singap. Mar
1994;23(2):129-138. [Medline: 8080219]

Von Korff M, Ormel J, Keefe FJ, Dworkin SF. Grading the severity of chronic pain. Pain. Aug 1992;50(2):133-149.
[doi: 10.1016/0304-3959(92)90154-4] [Medline: 1408309]

Ferguson L, Scheman J. Patient global impression of change scores within the context of a chronic pain rehabilitation
program. J Pain. Apr 2009;10(4):S73. [doi: 10.1016/].jpain.2009.01.258]

Askew RL, Cook KF, Revicki DA, Cella D, Amtmann D. Evidence from diverse clinical populations supported clinical
validity of PROMIS pain interference and pain behavior. J Clin Epidemiol. May 2016;73:103-111. [doi: 10.1016/].
jclinepi.2015.08.035] [Medline: 26931296]

Bohnert KM, Bonar EE, Arnedt JT, Conroy DA, Walton MA, Ilgen MA. Utility of the comprehensive marijuana motives
questionnaire among medical cannabis patients. Addict Behav. Jan 2018;76:139-144. [doi: 10.1016/j.addbeh.2017.08.
001] [Medline: 28820970]

Morean ME, Butler ER. The Medical Cannabis Expectancy Questionnaire: adult medical marijuana users' expectancies
associated with combustible, vaporized, and edible cannabis use for medical purposes. Cannabis. 2019;2(1):1-18. [doi:
10.26828/cannabis.2019.01.001]

Adamson SJ, Kay-Lambkin FJ, Baker AL, et al. An improved brief measure of cannabis misuse: the Cannabis Use
Disorders Identification Test-Revised (CUDIT-R). Drug Alcohol Depend. Jul 1,2010;110(1-2):137-143. [doi: 10.1016/].
drugalcdep.2010.02.017] [Medline: 20347232]

Lankenau SE, Ataiants J, Mohanty S, Schrager S, Iverson E, Wong CF. Health conditions and motivations for marijuana
use among young adult medical marijuana patients and non-patient marijuana users. Drug Alcohol Rev. Feb
2018;37(2):237-246. [doi: 10.1111/dar.12534] [Medline: 28434211]

WHO ASSIST Working Group. The Alcohol, Smoking and Substance Involvement Screening Test (ASSIST):
development, reliability and feasibility. Addiction. Sep 2002;97(9):1183-1194. [doi: 10.1046/j.1360-0443.2002.00185 x]
[Medline: 12199834]

Hays RD, Bjorner JB, Revicki DA, Spritzer KL, Cella D. Development of physical and mental health summary scores
from the patient-reported outcomes measurement information system (PROMIS) global items. Qual Life Res. Sep
2009;18(7):873-880. [doi: 10.1007/s11136-009-9496-9] [Medline: 19543809]

Schalet BD, Pilkonis PA, Yu L, et al. Clinical validity of PROMIS depression, anxiety, and anger across diverse clinical
samples. J Clin Epidemiol. May 2016;73:119-127. [doi: 10.1016/].jclinepi.2015.08.036] [Medline: 26931289]

Reynolds WM. Development of reliable and valid short forms of the Marlowe-Crowne Social Desirability Scale. J Clin
Psychol. Jan 1982;38(1):119-125. [doi: 10.1002/1097-4679(198201)38:1<119:: AID-JCLP2270380118>3.0.CO;2-I]
Kimerling R, Trafton JA, Nguyen B. Validation of a brief screen for post-traumatic stress disorder with substance use
disorder patients. Addict Behav. Nov 2006;31(11):2074-2079. [doi: 10.1016/j.addbeh.2006.02.008] [Medline:
16574331]

Buysse DJ, Yu L, Moul DE, et al. Development and validation of patient-reported outcome measures for sleep
disturbance and sleep-related impairments. Sleep. Jun 2010;33(6):781-792. [doi: 10.1093/sleep/33.6.781] [Medline:
20550019]

Antoine LH, Tanner JJ, Mickle AM, et al. Greater socioenvironmental risk factors and higher chronic pain stage are
associated with thinner bilateral temporal lobes. Brain Behav. Dec 2023;13(12):e3330. [doi: 10.1002/brb3.3330]
[Medline: 37984835]

Casaletto KB, Umlauf A, Marquine M, et al. Demographically corrected normative standards for the Spanish language
version of the NIH Toolbox Cognition Battery. J Int Neuropsychol Soc. Mar 2016;22(3):364-374. [doi: 10.1017/
S135561771500137X] [Medline: 26817924]

Casaletto KB, Umlauf A, Beaumont J, et al. Demographically corrected normative standards for the English version of
the NIH Toolbox Cognition Battery. J Int Neuropsychol Soc. May 2015;21(5):378-391. [doi: 10.1017/
S1355617715000351] [Medline: 26030001]

Cohen J. Statistical Power Analysis for the Behavioral Sciences. 2nd ed. Routledge; 2013. [doi: 10.4324/
9780203771587] ISBN: 9780203771587

Li Z, McKeague IW. Power and sample size calculations for generalized estimating equations via local asymptotics.
STAT Sin. Jan 1, 2013;23(1):231-250. [doi: 10.5705/ss.2011.081] [Medline: 24478568]

Benjamini Y, Hochberg Y. Controlling the false discovery rate: a practical and powerful approach to multiple testing. J R
Stat Soc Series B Stat Methodol. 1995;57(1):289-300. [doi: 10.1111/j.2517-6161.1995.tb02031 .x]

Wang Y, Jean Jacques J, Li Z, Sibille KT, Cook RL. Health outcomes among adults initiating medical cannabis for

chronic pain: a 3-month prospective study incorporating ecological momentary assessment (EMA). Cannabis. Oct
2021;4(2):69-83. [doi: 10.26828/cannabis/2021.02.006] [Medline: 34671723]

https://www researchprotocols.org/2026/1/e78900 JMIR Res Protoc 2026 | vol. 15 1e78900 | p. 15

(page number not for citation purposes)


http://www.ncbi.nlm.nih.gov/pubmed/8080219
https://doi.org/10.1016/0304-3959(92)90154-4
http://www.ncbi.nlm.nih.gov/pubmed/1408309
https://doi.org/10.1016/j.jpain.2009.01.258
https://doi.org/10.1016/j.jclinepi.2015.08.035
https://doi.org/10.1016/j.jclinepi.2015.08.035
http://www.ncbi.nlm.nih.gov/pubmed/26931296
https://doi.org/10.1016/j.addbeh.2017.08.001
https://doi.org/10.1016/j.addbeh.2017.08.001
http://www.ncbi.nlm.nih.gov/pubmed/28820970
https://doi.org/10.26828/cannabis.2019.01.001
https://doi.org/10.1016/j.drugalcdep.2010.02.017
https://doi.org/10.1016/j.drugalcdep.2010.02.017
http://www.ncbi.nlm.nih.gov/pubmed/20347232
https://doi.org/10.1111/dar.12534
http://www.ncbi.nlm.nih.gov/pubmed/28434211
https://doi.org/10.1046/j.1360-0443.2002.00185.x
http://www.ncbi.nlm.nih.gov/pubmed/12199834
https://doi.org/10.1007/s11136-009-9496-9
http://www.ncbi.nlm.nih.gov/pubmed/19543809
https://doi.org/10.1016/j.jclinepi.2015.08.036
http://www.ncbi.nlm.nih.gov/pubmed/26931289
https://doi.org/10.1002/1097-4679(198201)38:1<119::AID-JCLP2270380118>3.0.CO;2-I
https://doi.org/10.1016/j.addbeh.2006.02.008
http://www.ncbi.nlm.nih.gov/pubmed/16574331
https://doi.org/10.1093/sleep/33.6.781
http://www.ncbi.nlm.nih.gov/pubmed/20550019
https://doi.org/10.1002/brb3.3330
http://www.ncbi.nlm.nih.gov/pubmed/37984835
https://doi.org/10.1017/S135561771500137X
https://doi.org/10.1017/S135561771500137X
http://www.ncbi.nlm.nih.gov/pubmed/26817924
https://doi.org/10.1017/S1355617715000351
https://doi.org/10.1017/S1355617715000351
http://www.ncbi.nlm.nih.gov/pubmed/26030001
https://doi.org/10.4324/9780203771587
https://doi.org/10.4324/9780203771587
https://doi.org/10.5705/ss.2011.081
http://www.ncbi.nlm.nih.gov/pubmed/24478568
https://doi.org/10.1111/j.2517-6161.1995.tb02031.x
https://doi.org/10.26828/cannabis/2021.02.006
http://www.ncbi.nlm.nih.gov/pubmed/34671723
https://www.researchprotocols.org/2026/1/e78900

JMIR RESEARCH PROTOCOLS Robinson et al

92.

93.

Wang Y. Medical marijuana as a pain treatment: preliminary findings from an ecological momentary assessment (EMA)
study among older adults with chronic pain. Presented at: Addiction Health Services Research Conference; Oct 16-18,
2019; Park City, Utah. URL: https://medicine.utah.edu/sites/g/files/zrelqx356/files/migration/media/ahsr-ss2.pdf
[Accessed 2026-03-16]

Sibille KT, Langaee T, Burkley B, et al. Chronic pain, perceived stress, and cellular aging: an exploratory study. Mol
Pain. Feb 12,2012;8:12. [doi: 10.1186/1744-8069-8-12] [Medline: 22325162]

Abbreviations

CBD: cannabidiol

EMA: ecological momentary assessment

GCPS: Graded Chronic Pain Scale

GEE: generalized estimating equations

GLMM: generalized linear mixed-effects models

IMMPACT: Initiative on Methods, Measurement, and Pain Assessment in Clinical Trials
IRB: Institutional Review Board

MM: medical marijuana

NIH: National Institutes of Health

PI: principal investigator

PRICE: Pain Research and Intervention Center of Excellence

PROMIS: Patient-Reported Outcomes Measurement Information System
REDCap: Research Electronic Data Capture

SMILE: Study on Medical Marijuana and Its Long-Term Effects on Older Adults
SPIROS: Standardized Protocol Items Recommendations for Observational Studies
THC: tetrahydrocannabinol

UF: University of Florida

VA: Veterans Affairs

Edited by Amy Schwartz; peer-reviewed by Ali AL-Asadi, Chun-Yuan Chen, Lynn Panton; submitted 18.Jun.2025; final
revised version received 17.Nov.2025; accepted 30.Nov.2025; published 24.Mar.2026

Please cite as:

Robinson KR, Seeger SD, Nave L, Mejia M, Vander Meulen M, Rashid A, Mickle AM, Sibille KT, Li Z, Przkora R, Schmidt S,
Lo MC, Cook RL, Wang Y

Real-Time and Long-Term Effects of Medical Marijuana on Older Adults: Protocol for a Prospective Cohort Study

JMIR Res Protoc 2026;15:¢78900

URL: hitps://www.researchprotocols.org/2026/1/e78900

doi: 10.2196/78900

© Kendall R Robinson, Stella D Seeger, Lauren Nave, Marlin Mejia, Maria Vander Meulen, Ahmed Rashid, Angela M
Mickle, Kimberly T Sibille, Zhigang Li, Rene Przkora, Siegfried Schmidt, Margaret C Lo, Robert L Cook, Yan Wang.
Originally published in JMIR Research Protocols (https://www researchprotocols.org), 24.Mar.2026. This is an open-
access article distributed under the terms of the Creative Commons Attribution License (https://creativecommons.org/licen-
ses/by/4.0/), which permits unrestricted use, distribution, and reproduction in any medium, provided the original work, first
published in JMIR Research Protocols, is properly cited. The complete bibliographic information, a link to the original
publication on https://www researchprotocols.org, as well as this copyright and license information must be included.

https://www researchprotocols.org/2026/1/¢78900 JMIR Res Protoc 2026 | vol. 15 1e78900 | p. 16

(page number not for citation purposes)


https://medicine.utah.edu/sites/g/files/zrelqx356/files/migration/media/ahsr-ss2.pdf
https://doi.org/10.1186/1744-8069-8-12
http://www.ncbi.nlm.nih.gov/pubmed/22325162
https://www.researchprotocols.org/2026/1/e78900
https://doi.org/10.2196/78900
https://www.researchprotocols.org
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://www.researchprotocols.org
https://www.researchprotocols.org/2026/1/e78900

	Real-Time and Long-Term Effects of Medical Marijuana on Older Adults: Protocol for a Prospective Cohort Study
	Introduction
	Methods
	Ethical Considerations
	Participants
	Recruitment and Consent
	Study Design
	Analytical Strategy
	Possible Risks and Discomforts

	Results
	Discussion
	Strengths and Innovation
	Use of Smartphone and Sensor-Based EMA
	Enhanced Longitudinal Cohort Design
	Incorporation of Telomere Length as a Measure to Assess MM’s Effect on Cellular Aging Over a 12-Month Period
	Consideration of Interpersonal Differences, Including Pain Phenotyping at Baseline
	Inclusion of Blood Tests for Multiple Cannabinoids and Associated Metabolites
	Limitations
	Dissemination Plan and Future Research



