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Abstract

Background For approximately 30% of people with epilepsy, seizures are not well-controlled by anti-seizure medica-
tion (ASM). This condition, called treatment resistant epilepsy (TRE), is associated with increased morbidity and mor-
tality, and substantially impacts the quality of life of both the individual and their family. Non-responsiveness to ASMs
leads many people with TRE to seek alternative therapies, such as cannabinoid-based medication, particularly canna-
bidiol (CBD), with or without medical or professional advice. This is due in part to widespread reporting in the media
about the benefits of CBD for seizures in some forms of epilepsy.

Methods Adults with TRE, opting to add CBD to their existing treatment regime, completed this prospective, obser-
vational, longitudinal, quasi-experimental, time-series study. We hypothesized that adjunctive CBD use would posi-
tively impact participants’ quality of life and psychological well-being in comparison to a baseline period without CBD
use. Participants were followed for a period of approximately six months — for approximately one month of baseline
prior to the initiation of CBD use and approximately five months after the initiation of CBD use. Participants provided
urine samples and completed behavioral questionnaires that assessed quality of life, anxiety/depression, and adverse
events during baseline and at two times during CBD use.

Results Complete case analyses (n=10) showed a statistically significant improvement in quality of life, a statisti-
cally significant decrease in anxiety symptoms, and a statistically significant decrease in the experience of adverse
events over time (p <0.05). Improvements noted in the experience of depression symptoms did not reach statistical
significance. Urinalysis revealed the majority of participants had no CBD/metabolites in their system at the begin-
ning of the study, and confirmed the presence of CBD/metabolites in participants’ urine after CBD was added to their
treatment regime. Analysis of missing data using multiple imputation supported the findings of the complete case
analysis.

Interpretation For a small group of individuals with TRE of varying etiologies, adjunctive use of artisanal CBD
was associated with improvements in the behavioral and psychological symptoms of TRE, as well as improved medi-
cation tolerability.
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Introduction

Background

Epilepsy and anti-seizure medication

Epilepsy is a heterogeneous neurological condition char-
acterized by recurrent seizures [1]. For approximately
70% of people with epilepsy, seizures are well-controlled
by one or more of the~30 anti-seizure medications
(ASMs) currently available [2, 3].

For approximately 30% of people with epilepsy, seizures
are not well-controlled by existing ASMs [4—6]. This con-
dition, called treatment resistant epilepsy (TRE), is asso-
ciated with severe morbidity, as demonstrated by health,
economic, and psychosocial problems, such as increased
risk of injury, employment discrimination, and difficulties
with social interactions [7-9]. Not only does TRE have a
negative impact on patients’ psychological well-being life,
but also their quality of life.

Although ASMs effectively decrease seizure frequency
in many people, they are associated with significant,
adverse central nervous system effects, such as psycho-
logical and behavioral effects, cognitive effects, and
memory problems [10—12]. Adverse effects of ASMs are
a leading cause of epilepsy treatment failure [13]. Identi-
fying additional treatment options for people with TRE is
a high priority of researchers.

Objectives
The primary goal of this study was to determine if
independent adjunctive use of artisanal CBD was

beneficial for adults with TRE. We hypothesized that
participants treating themselves with CBD would
report an improvement in quality of life and anxiety/
depression symptoms. We also hypothesized that CBD
use would be associated with limited adverse effects.

Methods

Study design

This was a prospective, observational, longitudinal,
quasi-experimental, time-series study examining a
small cohort of adults with TRE opting to use CBD as
an adjunctive treatment. All procedures were approved
by the Colorado State University-Pueblo Institutional
Review Board for human subjects research. All partici-
pants provided voluntary informed consent. This study
is reported following STROBE guidelines [ref: https://
www.strobe-statement.org/].

Participants were followed for a period of approxi-
mately six months. Participation began approximately
30 days prior to the initiation of daily CBD use and
continued for approximately five months after. This
time-frame was selected so that a pre-CBD baseline
could be established and the presence of cannabinoids/
metabolites and any sustained effects on behavior could
be tracked over an extended period of time, at two time
points after the initiation of CBD use. A timeline for
the study is provided in Fig. 1.

CBD use begins:
~1 month after
TIME 1

TIME 1: Baseline
TIME 2: ~2 1/2 months after beginning CBD

‘ TIME 3: ~5 months after beginning CBD

Informed
consent

Behavioral
questionnaires
Urine sample

Behavioral
questionnaires
Urine sample

Behavioral

questionnaires
Urine sample

Fig. 1 Timeline; Legend: The horizontal arrow in the center of the figure represents the six month time course of the study. Below the arrow,
the three time points for data collection are displayed in boxes: TIME 1, TIME 2, TIME 3. Above the arrow, the timing of the initiation of CBD
is displayed along with the ~timing of data collection relative to the initiation of CBD use. The information collected at each time point is indicated

in the lowest boxes
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Setting

A community sample of adults with TRE was recruited
to participate in this study either face-to-face or remotely
between the summers of 2017 and 2019. Participants
were recruited via advertisement on the Realm of Car-
ing website, an advertisement in the University Email
Digest, communication with the Epilepsy Foundation
of Colorado, communication with local neurologists,
announcements at conferences, and word of mouth.
Researchers collected data from face-to-face participants
in their home. Remote participants had study kits mailed
to them and surveys were administered over the phone.
In addition to following up with participants at TIME 2
and TIME 3, researchers maintained regular phone and/
or email contact to address any concerns and answer any
questions.

Participants

Inclusion criteria were: male or female; 18 years of age
or older; resident of Colorado or state with cannabinoids
legalized for epilepsy; documentation of a diagnosis of
TRE as evidenced by medical records, and/or the follow-
ing clinical feature—failure to control seizures after trial
of two anticonvulsant medications at therapeutic levels;
verbal report of baseline seizure frequency of at least 4
seizures/28 days; and, 1- 5 antiepileptic medications at
stable doses for 1 month prior to enrollment. Exclusion
criteria were: verbal report of cannabinoid use within the
last 30 days; and, epilepsies associated with neurodegen-
erative diseases and/or inborn errors of metabolism.

The inclusion criteria “resident of Colorado or a state
with cannabinoids legalized for epilepsy” was used in
order to legally protect the participants. The time frame
during which recruitment for this study took place was a
period when cannabinoid products such as CBD oil were
widely available online, for example, but not necessarily
fully legalized in a specific state. The inclusion criteria
related to seizure frequency and antiepileptic medication
were based on epileptologists’ recommendations.

Variables
Behavioral questionnaires

The Quality of Life in Epilepsy 31-P [14, 15] The Patient-
Weighted Quality of Life in Epilepsy Inventory (QOLIE-
31-P) is version 2 of the original QOLIE-31. This instru-
ment included seven multi-item subscales that assessed:
emotional well-being, social functioning, energy/
fatigue, cognitive functioning, seizure worry, medica-
tion effects, and overall quality of life. The QOLIE-31-P
added one new item to each subscale asking about dis-
tress, defined as bothersomeness for the respondent.
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Items were measured on 4- to 6- point Likert scales, with
a maximum total score of 100; range=0—100. Higher
values indicated better quality of life. The validity and
reliability of the original QOLIE-31were demonstrated
[16]. No information about the reliability and validity of
the QOLIE-31-P was found. The primary outcome meas-
ure for this study was the variable “QOLIE-31-P TOTAL
SCORE” The TOTAL SCORE data was analyzed using
“Distress” as a separate subscale.

The Hospital Anxiety and Depression Scale (HADS
[17];) 'The HADS is a self-administered scale used to
assess the presence and severity of anxiety and depres-
sion symptoms. The HADS consisted of 14 items that
were scored on a 4-point severity scale ranging from
0 to 3, with higher scores indicating greater severity.
There were two subscales (anxiety and depression), with
seven items related to anxiety and seven items related to
depression. Subscale scores ranged from 0 to 21. The var-
iable “HADS” was a main outcome measure for the study.
The HADS authors suggested that a score of 0 to 7 for
either the anxiety or depression subscale may be regarded
as being in the normal range, a score of 8 to 10 suggests
the presence of the respective state, and a score of 11 or
higher indicates the probable presence of clinically sig-
nificant anxiety or depression. The HADS depression
subscale is recognized as a valid and reliable measure of
depressive symptoms in patients with epilepsy [17]. No
information about the validity of the HADS anxiety sub-
scale in patients with epilepsy was identified.

The Liverpool Adverse Events Profile (LAEP [18]) 'The
LAEP is a 19-item self-report questionnaire that is typi-
cally used to screen for adverse effects of anti-seizure
medication. It’s scored on a four-point Likert scale.
Scores range from 19 — 76; higher scores indicated more
side effects. The validity and reliability of the LAEP have
been verified [18—20]. The variable “LAEP GLOBAL
SCORE” was also an outcome measure for the study.

Cannabidiol use

Because this was an observational study and not a clini-
cal trial, no CBD or cannabinoids were provided to the
participants by the researchers. Products were obtained
by families following state regulations. Participants were
strongly encouraged to discuss participation in this study
with their physician, and they were informed about
potential drug interactions between CBD and ASMs
[21]. Participants planning to add CBD to their treatment
regime were encouraged to seek guidance about cannabi-
noid use from the Realm of Caring Foundation. Realm of
Caring Foundation is a 501(c)(3)-non-profit organization
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that provides support services to people interested in
the medicinal use of cannabinoids. Six of 10 partici-
pants reported using Charlotte’s Web Advanced Formula
Hemp Oil Extract-only on a daily basis, beginning at a
dose of approximately 0.25 mL 2x/day (=approximately
25 mg cannabinoids/CBD/day), and increasing over time,
depending on their experience of benefits vs. side effects.
One participant was using Epidiolex (10 mL/day). Three
participants reported using a different CBD product or a
variety of products including CBD.

Cannabinoid analysis

Urine samples were packed in ice and shipped over-
night to the company iC42. Participants’ urine was
batch processed for the presence of cannabinoids at
the end of the study. The purpose of testing partici-
pants’ urine was to collect preliminary information
about the levels of cannabinoids and metabolites pre-
sent in participants’ urine over the course of the study.
The assay (#2) developed by iC42 simultaneously
tested for the following: A9-tetrahydrocannabinol
(THC), 11-hydroxy-A9-tetrahydrocannabinol (110OH-
THC), 11-nor-A9-tetrahydrocannabinol-9-carboxylic
acid (THC-COOH), 11-nor-A9-tetrahydrocannabinol-
9-carboxylic acid glucuronide (THC-Gluc), Canna-
bidiol (CBD), 6a-hydroxy cannabidiol (6a-OH-CBD),
6b-hydroxy cannabidiol (6b-OH-CBD), 7-hydroxy can-
nabidiol (7OH-CBD), 7-cannabidiol-9-carboxylic acid
(7-CBD-COOH), Cannabidiol-9-carboxylic acid glu-
curonide (CBD-Gluc), Cannabichromene (CBC), Can-
nabinol (CBN), Cannabigerol (CBG), Cannabidivarin
(CBDV), and A9-tetrahydrocannabivarin (THCV). See
Anderson [22] for details about the LC-MS-MS meth-
odology used to process the samples.

Study size

An a priori power analysis was conducted to determine
the minimum sample size required to test the study
hypotheses. Results indicated the minimum sample size
to achieve 85% power to detect an estimated large effect
(d>0.8) at a significance criterion of a =0.05, was 34, for
a within-subjects repeated measures ANOVA. Despite
our best recruitment efforts, we were only able to enroll
21 participants and ten participants completed the study.
This means the study was underpowered.

Bias

In order to address potential bias in the complete case
analysis, a missing data analysis was subsequently per-
formed on data from participants who dropped out of the
study using multiple imputation (MI) (See Missing data
analysis).
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Statistical methods

This study used a within-subjects research design.
Repeated measures ANOVAs were run using IBM SPSS
Statistics 29 to analyze behavioral questionnaire data
that was collected at three different time points (TIME 1
(baseline), TIME 2, and TIME 3). For each a priori analy-
sis, the p value was set to p=0.05 and confidence inter-
vals were 95%. Effect sizes (Partial ETA) were reported.
Bonferroni corrections were applied to pairwise and
post hoc tests to correct for the inflation of Type 1 error.
Greenhouse—Geisser corrections were utilized for viola-
tions of sphericity.

Missing data analysis

Missing data analysis was performed using data from
7/11 dropouts for which we had TIME 1 data as opposed
to no data. The method chosen for handling missing data
was multiple imputation (MI) [23, 24] The reason multi-
ple imputation was used is because the drop-out rate in
this study was high as was the percentage of data values
missing for each variable, possibly leading to misleading
conclusions related to our complete case analysis. MI has
the potential to improve the validity of medical research
(Sterne, et al., 2009), and compared to other simple forms
of imputation, such as Last Observation Carried Forward
(LOCEF), MI does a better job of preserving variability in
the imputed dataset. Using MI provided for an n=17 in
supplementary analyses, as opposed to the original =10
in the complete case analysis. MI was carried out in SPSS
29 (IBM). The number of imputations was set to 5. The
method of analysis chosen was “monotone”. The model
type was linear regression. Repeated measures ANO-
VAs were used to analyze data from the imputed datasets
for comparison with the results from the complete case
analyses.

Results

Participants

Eighty-one people contacted the PI about participation in
this study. Thirty-five people were screened, and 21 peo-
ple were determined to be eligible to participate in this
study (response rate=60.0%). Of the 14 individuals who
were deemed ineligible to participate, reasons for ineli-
gibility included: too few seizures (6/13; 42.9%); current
use of CBD/cannabinoids (4/13; 35.7%); and, miscellane-
ous (3/14; 21.4%), such as wanting to enroll to get off of
ASMs.

Of the twenty-one participants enrolled in the study,
ten participants completed it. Due to their medical
condition(s), the lives of individuals and families deal-
ing with TRE are extremely stressful and difficult. Four
individuals unenrolled after consenting to participate
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and receiving the study material but prior to providing
Time 1 questionnaire data. One of these individuals was
living in assisted living and their request to participate
was denied. Three of these individuals and their families
expressed feeling overwhelmed by adding more respon-
sibility to their already challenging lives, despite their
desire to participate in research. Four participants (M =1,
F=3) who unenrolled after TIME 1 expressed similar
concerns. Reasons for withdrawal of the remaining 3
participants included: moving into assisted living where
cannabinoids were disallowed (M=1), repeated hospi-
talizations for additional medical conditions (M=1), and
a significant medication change (F=1). All participants
who dropped out did so prior to TIME 1 or TIME 2.

Descriptive data

Participants in the complete case analysis included 5
males and 5 females ranging in age from 18 — 64 years
(average age=34.6+12.78SD). Participants who dropped
out of the study, but for whom some data was avail-
able included 3 males and 4 females ranging in age from
18—68 (average age 40.57 + 15.42). See Table 1 for demo-
graphic and clinical information.

Outcome data

Main effect of time on the QOLIE-31-P

Descriptive and inferential statistics for the QOLIE-31-P
are shown in Fig. 2.

The mean QOLIE-31-P TOTAL SCORE at enrollment
(TIME 1) was 37.51 + 17.47 SD, compared to 52.96 + 19.52
SD at TIME 2, and 63.84+23.04 SD at the end of the
study (TIME 3), representing an average increase in QoL
scores of 26.33 points over time. Higher scores were
indicative of improved QoL. QOLIE-31-P SUBSCALE
means also increased over time.

A one-way repeated measures ANOVA, with a fac-
tor of TIME (3 levels=TIME 1, 2, 3), found a signifi-
cant main effect of TIME on the QOLIE-31-P TOTAL
SCORE (2 df, F=8.042, p=0.003). This indicated that
participants’ TOTAL SCORES increased over TIME.
Partial Eta squared was 0.472, which was indicative of a
large effect. Pairwise comparisons showed TIME 1 was
significantly different from TIME 3 (p=0.024), but not
TIME 2 (p=0.221). TIME 2 was also not significantly dif-
ferent from TIME 3 (p=0.124). Therefore, the increase
measured in TOTAL SCORE over TIME was largely due
to the increase in scores between TIME 1 and TIME 3.
This illustrated an improvement in QoL during the time-
frame when participants were utilizing CBD.

Main effect of time on the HADS
Descriptive and inferential statistics for the HADS are
shown in Fig. 3.
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Table 1 Demographics

Demographics: Basic demographic and clinical characteristics for
10/10 complete cases

Male (%) 5 (50%)
Fermale (%) 5(50%)
Mean age (range) 346 (18 - 64)
Hispanic 3 (30%)
African American 3 (30%)
Caucasian 4 (40%)
Focal or Multifocal Epilepsy (%) 3 (30%)
Generalized Epilepsy (%) 6 (60%)
Absence 1 (10%)
Antiepileptic drugs (%): baseline
Phenytoin 1 (1%)
Clobazam 2 (20%)
Lacosamide 3 (30%)
Levetiracetam 4 (40%)
Carbamezepine 2 (20%)
Brivaracetam 2 (10%)
Zonasimide 1 (10%)
Lamotrigine 2 (20%)
Topiramate 1(10%)
Valproate 1 (10%)
Vagal Nerve Stimulator 2 (20%)

Demographics: Basic demographic and clinical characteristics for
7/11 dropouts

Male (%) 3 (43%)
Female (%) 4 (57%)
Mean age (range) 406 (18 - 68)
Hispanic 2 (29%)
African American 0 (0%)
Caucasian 5(71%)
Focal or Multifocal Epilepsy (%) 1 (14%)
Generalized Epilepsy (%) 6 (86%)
Absence 5(71%)
Antiepileptic drugs (%): baseline

Phenytoin 0 (0%)
Clobazam 1 (14%)
Lacosamide 2 (29%)
Levetiracetam 2 (29%)
Carbamezepine 0 (0%)
Brivaracetam 0 (0%)
Zonasimide 2 (29%)
Lamotrigine 5(71%)
Topiramate 0 (0%)
Valproate 0 (0%)
Vagal Nerve Stimulator 0 (0%)

Med data is for 6/7 participants

Basic demographic and clinical characteristics of the participants and dropouts
are shown
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Descriptive Statistics
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Mean Std. Deviation [+l
QOLIE_FPRE1 ITa12 17.47311 10
QOLIE_POST2 52.95585 19.51814 10
QOLIE_POST3 63.8435 23.04181 10
QOLIE-31 P: TOTAL SCORE

E 70.00

=

g 60.00

2 50.00

1 2 3
TIME

Error bars: 95% CI
QOLIE-31-P: 1-Way F statistic P value Partial Eta squared Pairwise comparisons
Repeated Measures w/Bonferroni correction
ANOVA with factors of
TIME (3 levels)
TIME 8.042 0.003* 0.472 T1 Sigdif T3 (p = 0.024)
T =Time 1, 2, 3; Sigdif = Statistically significant difference; NS = No statistically significant difference

Fig. 2 QOLIE-31-P: Quality Of Life in Epilepsy; Legend: Fig. 2 (top) shows the mean and standard deviation for the TOTAL SCORE on the QOLIE-31-P
for each of the three time points during which data was collected. The chart below (middle) plots the QOLIE-31-P TOTAL SCORE means for each

of the three time points, along with 95% Confidence Intervals. Fig. 2 (bottom) shows the results of a one-way repeated measures ANOVA

on the QOLIE-31-P TOTAL SCORE with a factor of TIME (3 levels), as well as the results for Bonferroni-corrected pairwise comparisons

The mean value for anxiety symptoms on the HADS
ANXIETY SUBSCALE at TIME 1 was 11.3+3.92 SD. The
ANXIETY SUBSCALE scores decreased from 11.3+3.92
SD at TIME 1 to 5.3+3.97 SD at TIME 3, representing an
improvement, on average, of 6 points. Levels of depres-
sion symptoms at TIME 1 were 7.3+5.01SD. The HADS
DEPRESSION subscale scores decreased from 7.3+5.01
SD at TIME 1 to 3.9+2.85 SD at TIME 3, representing an
average improvement of 3.4 points. Mean ANXIETY and
DEPRESSION scores both decreased over TIME.

HADS data was initially analyzed using a two-way
repeated measures ANOVA, with factors of TIME (3
levels=TIME 1, 2, 3) and SUBSCALE (2 levels=anxi-
ety, depression). A main effect of TIME was found (2
df, F=5.616, p=0.013). Partial Eta squared was 0.384.
A main effect of SUBSCALE was almost significant
(p=0.054). Partial eta was 0.354. The interaction of TIME
and SUBSCALE was not significant (p=0.280). Pairwise
comparisons showed TIME 1 was significantly differ-
ent from TIME 3 (p=0.013), but not TIME 2 (p=0.461).

Time 2 was not significantly different from TIME 3
(p=0.407). These results indicated that one SUBSCALE
was likely primarily responsible for the improvement
observed in HADS scores between TIME 1 and TIME 3.

Main effect of time on the LAEP
Descriptive and inferential statistics for the LAEP are
shown in Fig. 4.

LAEP GLOBAL SCORES were calculated by summing
all responses to each LAEP item that indicated the symp-
tom was “always” or “sometimes” a problem across par-
ticipants. Some of the most frequently reported issues
were: memory problems, difficulty concentrating, and
nervousness/agitation. The mean GLOBAL SCORES
for the LAEP decreased from 52.1+8.71 SD at TIME 1
to 38.5+10.80 SD at TIME 3, indicative of an average
improvement of 13.6 points.

LAEP GLOBAL SCORES were subsequently analyzed
using a one-way repeated measures ANOVA, with a
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Descriptive Statistics
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Mean Std. Deviation [
HADS_V1PRE_Anx 11.3000 391720 10
HADS_V1PRE_Dep 7.3000 501221 10
HADS_V2ZPOST1_Anx 8.3000 6.07454 10
HADS_V2ZPOST1_Dep 5.5000 481318 10
HADS_V3IPOST2_Anx 5.3000 3.897352 10
HADS_V3IPOST2_Dep 3.9000 2.84605 10

HADS: SUBSCALE

14.00

SUBSCALE

— ANX
- =-DEP

12.00

10.00

SUBSCALE: MEAN

1 2 3

TIME

Error bars: 95% Cl

HADS: 2 Way Repeated | F statistic P value Partial Eta squared Pairwise comparisons
Measures ANOVA with w/Bonferroni correction
factors of TIME (3
levels) and SUBSCALE
(2 levels)
TIME 5.616 0.013* 0.384 T1 Sigdif T3 (p = 0.013
ANX_DEP 4.930 0.054 0.354 NS, but close
TIME*ANX_DEP 1.368 0.280 0.132 NS
T =Time 1, 2, 3; Sigdif = Statistically significant difference; NS = No statistically significant difference

Fig. 3 HADS: Hospital Anxiety and Depression Scale; Legend: Fig. 3 (top) shows the means and standard deviations for both the ANXIETY

and DEPRESSION SUBSCALES of the HADS for TIMES 1, 2 and 3. The chart below (middle) plots the two sets of HADS SUBSCALE means for each
of the three time points, along with 95% Confidence Intervals. Fig. 3 (bottom) shows the results of a two-way repeated measures ANOVA on data
from the HADS with factors of TIME (3 levels) and SUBSCALE (2 levels), along with the results of Bonferroni-corrected pairwise comparisons

factor of TIME (3 levels). A highly significant main
effect of TIME was found (2df, F=13.936, p=0.000).
Partial Eta was 0.608, which indicated a very large
effect. Estimated marginal means confirmed a decrease
in global LAEP scores over TIME. Pairwise compari-
sons showed TIME 1 was significantly different from
TIME 2 (p=0.007) and TIME 3 (p=0.005). TIME 2
did not differ from TIME 3 (p=1.000). This means
that there was a significant decrease in adverse medi-
cation effects within the first 2.5 months of CBD use

that continued over the course of the study, albeit at a
slower rate.

Other analyses
Inferential statistics for the QOLIE-31-P and the HADS
SUBSCALES are shown in Table 2.

Post hoc one-way repeated measures ANOVAs showed
a main effect of TIME on almost all of the QOLIE-
31-P SUBSCALES, including: distress (2df, F=8.687,
p=0.010), cognition (2df, F=6.046, p=0.010), seizure
worry (2df, F=8.070, p=0.014), overall quality of life
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Descriptive Statistics
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Mean Std. Deviation [
LAEP_V1PRE1 521000 8.710789 10
LAEFP_WIPOST2 359.59000 11.57056 10
LAEP_W3FODST3 38.5000 10.80381 10

LAEP: GLOBAL SCORE

60.00

5500

5000

4500

4000

GLOBAL SCORE: MEAN

3500

3000

1 2 3
TIME
Error bars: 95% CI
LAEP: 1-Way Repeated | F statistic P value Partial Eta squared Pairwise comparisons
Measures ANOVA with w/Bonferroni correction
factors of TIME (3
levels)
TIME 13.936 0.000* 0.608 T1 Sigdif T2 (p = 0.007)
T1 Sigdif T3 (p = 0.005)
T =Time 1, 2, 3; Sigdif = Statistically significant difference; NS = No statistically significant difference

Fig. 4 LAEP: Liverpool Adverse Events Profile; Legend: Fig. 4 (top) shows the mean and standard deviation for the LAEP GLOBAL SCORE for each

of the three time points during which data was collected. The chart in middle shows the mean GLOBAL SCORES on the LAEP at TIMES 1,2, and 3
along with 95% Confidence Intervals. Fig. 4 (bottom) shows the results of a one-way repeated measures ANOVA on GLOBAL SCORES from the LAEP
with a factors of TIME (3 levels), along with the results of Bonferroni-corrected pairwise comparisons

(2df, F=5.328, p=0.015), mood (2df, F=4.65, p=0.024),
daily activities (2df, F=4.459, p=0.027), and energy (2df,
F=3.851, p=0.041) (Fig. 3). Partial Eta’s on significant
tests ranged from 0.300 to 0.491, and were indicative of
large effects. Two subscales required Greenhouse—Geis-
ser corrections due to sphericity violations (distress
and seizure worry). No main effect of TIME was found
for medication effects (2df, F=0.992, p=0.396). Pair-
wise comparisons showed TIME 1 was significantly
different from TIME 3 for the following subscales: dis-
tress (p=0.036), cognition (p=0.032), seizure worry
(p=0.041), and daily activities (p=0.032). No other post
hoc tests were statistically significant. While many of
the subscale scores increased over time, those that con-
tributed most to the statistically significant difference

in TOTAL SCORE found between TIME1 and TIME
3 were: distress, cognition, seizure worry, and daily
activities.

HADS data was further analyzed using two sepa-
rate one-way repeated measures ANOVAs in order to
independently assess the effects of TIME on ANXIETY
vs. DEPRESSION. A main effect of TIME on ANXI-
ETY was found (2 df, F=5.718, p=0.012). Partial Eta
squared was 0.388. Post hoc pairwise comparisons
showed TIME 1 was significantly different from TIME
3 (»p=0.021) but not TIME 2 (p=0.251). Time 2 was
not significantly different from TIME 3 (p=0.513). No
main effect was found for TIME on DEPRESSION (2
df, F=2.859, p=0.083). Although estimated marginal
means confirmed a decreasing trend in depression
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Table 2 Post-hoc analyses
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F statistic P value Partial Eta squared  Pairwise comparisons w/Bonferroni
correction

QOLIE-31-P: 1-Way Repeated Meas-
ures ANOVA with factor of TIME (3
levels)
Subscale A (Energy) 3.851 0041 0.300 NS
Subscale B (Mood) 4,650 0.024 0.341 NS
Subscale C (Daily Activities) 4459 0027 0331 T1 Sigdif T3 (p = 0.032)
Subscale D (Cognition) 6.046 0.010" 0.402 T1 Sigdif T3 (p = 0.032)
Subscale E (Medication Effects; n = 8) 0.992 0.396 0.124 N.A.
Subscale F (Seizure Worry) 8.070 0.003 (G-G=0.014") 0473 T1 Sigdif T3 (p = 0.041)
Subscale G (Overall Quality of Life) 5328 0015 0372 NS
Subscale (Distress) 8.687 0002 (G-G=0010) 0491 T1 Sigdif T3 (p = 0.036
HADS: 1-Way Repeated Measures
ANOVAS with factors of TIME (3
levels)
TIME (ANXIETY) 5718 0.012" 0.388 T1 Sigdif T3 (p = 0.021
TIME (DEPRESSION) 2.859 0.083 0.241 T1 Sigdif T3 (p=0.013

(top) shows the results of multiple one-way repeated measures ANOVAS on SUBSCALE data from the QOLIE-31-P with a factor of TIME (3 levels), along with the
results of Bonferroni-corrected pairwise comparisons. Table 22 (middle) shows the results of a one-way repeated measures ANOVA on data from the HADS ANXIETY
SUBSCALE with a factor of TIME (3 levels), along with the results of Bonferroni-corrected pairwise comparisons. Table 22 (bottom) shows the results of a one-way
repeated measures ANOVA on data from the HADS DEPRESSION SUBSCALE with a factor of TIME (3 levels), along with the results of Bonferroni-corrected pairwise

comparisons
G-G = Greenhouse-Geisser correction for Mauchly’s Test of Sphericity violation

T=Time 1, 2, 3, Sigdif Statistically significant difference, NS No statistically significant difference

*p < 0.05

scores over time, this data indicated that ANXIETY
decreased more over TIME than DEPRESSION.

The missing data analysis was performed using data
from the 7/11 dropouts for which we had TIME 1 data
as opposed to no data (Table 3). Two of the three vari-
ables were missing data, 41.2% of cases were missing
data and 27.45% of values were missing. Pattern analy-
ses indicated that data was potentially Missing Not At
Random (MNAR) [24]. This information was used to
inform our choice of the “montone” method of han-
dling missing data.

Results of repeated measures ANOVAs for imputed
QOLIE-31-P data showed that 4/5 imputations had
a significant main effect of TIME. P values for 4/5
imputations required Greenhouse—Geisser correc-
tions due to sphericity violations, 3 out of 4 of the
corrected p values remained statistically significant:
(MI(1), p= <.001, MI(2) p=.021, MI(3) p=.001, MI(4)
p=.003, MI(5) p=.058, original data, p =.003). Results
of repeated measures ANOVAs for imputed HADS
data showed that 3/5 imputations had a significant
main effect of TIME: (MI(1), p=.002, MI(2) p=.001,
MI(3) p=.146, MI(4) p=.063, MI(5) p=.004, original
data, p=.013). Results of repeated measures ANOVAs
for imputed LAEP data showed that 4/5 imputations
had a significant main effect of TIME. One of these p
values required a Greenhouse—Geisser correction, the

corrected p value remained statistically significant:
(MI(1) p=<.001, MI(2) p=.357, MI(3) p=.003, MI(4)
p=<.001, MI(5) p= <.001, original data, p= <.001).

Urinalysis

Cannabinoids and metabolites found in participants’
urine included: THC, 11-OH-THC, THCCOOH, THC-
COOH-Gluc, THC-Gluc, CBD, 6a-OH-CBD, 6b-OH-
CBD, 7-OH-CBD, 7-CBD-COOH, CBD-Gluc. The only
metabolites tested for and not found in any of the urine
samples were: CBC, CBN, CBG, THCV, and CBDV.
Here we report on results for the primary CBD and THC
metabolites-only.

The primary metabolites for CBD excretion detected
in participants’ urine were CBDCOOH and CBD-Gluc
The median concentration of CBDCOOH at TIME 1
was 0.00 ng/mL; the mean was 3.11 ng/mL; the range
was (0.00 — 24.84 ng/mL). The median concentration of
CBDCOOH at TIME 2 was 1.39 ng/mL; the mean was
22.09 ng/mL; the range was (0.00 — 157.18 ng/mL). The
median concentration of CBDCOOH at TIME 3 was
4.184 ng/mL; the mean was 24.76 ng/mL; the range was
(0.00 -126.82 ng/mL).

The median CBD-Gluc concentrations detected in
participants’ urine at TIME 1 was 0.00 ng/mL; the mean
was 7.25 ng/mL; the range was (0.00 — 32.52 ng/mL).
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Table 3 Missing data analyses: imputed data analysis

Multiple Imputation datasets: QOLIE-31-P, HADS, LAEP

Partial
ETA
Squared

Imputation dataset * N Fstatistic Pvalue

QOLIE-31-P: 1-Way Repeated Measures ANOVA with factor of TIME (3
levels): (Greenhouse-Geisser corrected for sphericity violation)

Original complete case 10 8.042 003" A72
dataset

1 17 8850 <001" 356
2 17 5.087 012(021)° 24
3 17 13.858 <001 (001)" 464
4 17 8371 001(003)" 343
5 17 3553 .04 (.058) 182

HADS: 2-Way Repeated Measures ANOVA with factors of TIME (3 levels)
and SUBSCALE (2 levels)

*

Original complete case 10 5616 013 384
dataset

1 17 7972 002" 333
2 17 8174 001" 338
3 17 2048 146 113
4 17 3.010 063 158
5 17 6.755 004" 297
LAEP: 1-Way Repeated Measures ANOVA with factor of TIME (3 levels)
Original complete case 10 13936 <.001" 608
dataset

1 17 21973 <001" 579
2 17 1.062 357 .062
3 17 6975 003" 304
4 17 13.647 <001 (001)" 460
5 17 14845 <001" 481

(top) shows the results of one-way repeated measures ANOVAS with a factor

of TIME (3 levels) for five imputed datasets for the QOLIE-31-P, along with the
original complete case results. Table 2 (middle) shows the results of two-way
repeated measures ANOVA for the HADS with factors of TIME (3 levels) and
SUBSCALE (2 levels) for five imputed datasets, along with the original complete
case results. Table 2 (bottom) shows the results of one-way repeated measures
ANOVA with a factor of TIME (3 levels) for five imputed datasets for the LAEP,
along with the original complete case results

" =p<0.05

# = imputed dataset number

The median CBD-Gluc concentration at TIME 2 was
162.52 ng/mL; the mean was 180.20 ng/mL; the range
was (24.192 — 473.70 ng/mL). The median CBD-Gluc
concentration at TIME 3 was 77.16 ng/mL; the mean
was 173.55 ng/mL; the range was (7.75 — 547.27 ng/mL).

The primary metabolites for THC excretion detected
in participant’s urine were THCCOOH and THC-
COOH-Gluc. The median THCCOOH concentra-
tion detected at TIME 1 was 0.25 ng/ml; the mean was
2.20 ng/mL; the range was (0.00 — 9.11 ng/mL). The
median THCCOOH concentration detected at TIME
2 was 0.00 ng/mL; the mean was 12.70 ng/mL; the
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range was (0.00 — 106.54 ng/mL). The median THC-
COOH concentration detected at TIME 3 was 0.94 ng/
mL; the mean was 26.38 ng/mL; the range was (0.00
— 248.75 ng/mL).

The median THCCOOH-Gluc concentration detected
at TIME 1 was 0.00 ng/mL; the mean was 153.36 ng/
mL; the range was (0 — 1196.96 ng/mL). The median
THCCOOH-Gluc concentration detected at TIME 2 was
18.07 ng/mL; the mean was 635.46 ng/mL; the range was
(0 — 5478.00 ng/mL). The median THCCOOH-gluc con-
centration detected at TIME 3 was 9.766 ng/ml; the mean
was 1309.71 ng/mL; the range was (0 -12529.83 ng/mL).

Levels of metabolites varied widely from below the lower
limits of quantification (LLOQ) to above the upper limits of
quantification (ULOQ) and differed across participants for
different metabolites. The ULOQ was exceeded in 9/30 sam-
ples across five different people. Five of thirty possible urine
samples were missing (3) or not tested with the second assay
(2). All ten participants reported no cannabinoid use in the
last 30 days. However, five of eight participants tested were
positive for cannabinoids/metabolites at TIME 1.

Discussion

Key results

The results of this prospective, observational, longitu-
dinal quasi-experimental time-series study on artisa-
nal CBD use revealed that CBD use is associated with a
statistically significant increase in QoL over time. These
findings support our primary hypothesis that chronic
adjunctive use of artisanal CBD was beneficial for adults
with TRE. Critically, these results are consistent with
previous studies showing improved QoL associated with
the use of either Epidiolex or artisanal CBD in adults and
children with TRE [25-27]. Although QoL is increasingly
recognized as an important measure of treatment out-
come [26, 28], determining its clinical significance still
represents a challenge. While the present study used the
QOLIE-31 P, the amount of change found to be clinically
relevant for the QOLIE-31 (on which the QOLIE-31-P is
based) was an 11.8 point change [29]. The mean increase
in QoL scores from TIME 1 to TIME 3 was 26.33 points.
This suggests that the improvement observed in QoL,
associated with the adjunctive use of CBD, was not only
statistically significant, but also clinically relevant.

While a statistically significant and clinically rel-
evant level of improvement in the QOLIE-31-P TOTAL
SCORE was found between TIME 1 and TIME 3, a clini-
cally relevant level of change=15.45 points was also
found between TIME 1 and TIME 2 [29]. In addition, the
level of change between TIME 2 and TIME 3 was=10.88
points, which was just below clinical relevance. This
suggests that the addition of CBD to an existing treat-
ment regime had a clinically relevant effect on QoL after
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approximately two and one-half months of treatment,
and that QoL improvement was sustained and reached
a statistically significant level with an additional two and
one-half months of CBD treatment. In addition, post-
hoc analyses of the QOLIE-31-P SUBSCALES showed
almost all improved over time and specific SUBSCALES
showed statistically significant levels of improvement.
Subscales with statistically significant levels of improve-
ment included: distress, seizure worry, cognition, and
daily activities. As there is an urgent need to improve
QoL in people with TRE, these results provide promising
insights into the therapeutic potential of CBD. Although
this data suggests daily adjunctive use of artisanal CBD
may improve QOL for people with TRE of mixed etiolo-
gies, more controlled research is needed to determine the
optimal CBD product choice, phytocannabinoids ratio,
dosage, and route of administration.

Supporting our secondary hypothesis, we found a sig-
nificant improvement in mood and psychological well-
being in the form of a statistically significant decrease in
anxiety, and a decreasing trend in depression symptoms
that was associated with CBD use. This finding was sup-
ported by a growing body of evidence from both human
and animal research studies pointing to the anxiolytic
and antidepressant potential of CBD [30—34].The major-
ity of participants in this study exhibited the probable
presence of a clinically significant level of anxiety on
the HADS at TIME 1. This level steadily decreased over
the course of the study to a level considered to be in
the normal range at TIME 3 [17]. At TIME 2, the mean
HADS score was still indicative of the presence of anxi-
ety, albeit at a lower level. This suggests that adjunctive
CBD use beyond TIME 2 may be associated with contin-
ued improvements in anxiety. Participants also presented
with the possible presence of depression at enrollment.
However, the level of depression was just barely above
the threshold [17]. This was inconsistent with previous
reports of depression being the most prevalent comorbid
condition in TRE [35]. Although depression symptoms
decreased over the course of the study to within a normal
level, the decrease in depressive symptoms did not reach
statistical significance.

Evidence from studies examining CBD mechanisms of
action further supports our findings of decreased anxiety
and depression associated with CBD use. While CBD has
a relatively low affinity for the main CB1 and CB2 can-
nabinoid receptors, it has a good affinity for serotonin
5HT-1a receptors, where it acts as a receptor agonist [36,
37]. The 5HT-1a receptor is an established anxiolytic tar-
get [30]. Because anxiety and depression are considered
major problems for people with TRE [38], decreasing
symptoms of these conditions was considered a mean-
ingful therapeutic outcome. Additionally, it is possible
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that some of the improvement we found in QoL may be
attributed to the effect CBD had on anxiety and depres-
sion, as previous studies have found QoL was predicted
by mood [26, 39]. Decreasing anxiety, for example, could
reasonably decrease distress and seizure worry, leading to
improved cognition and more comfort with daily activi-
ties. Improving symptoms of anxiety and depression are
important therapeutic outcomes in TRE. Symptoms of
anxiety and depression should be more widely assessed
and treated in TRE.

Interestingly, we also found a statistically significant
decrease in reported adverse events over time that was
associated with CBD use. This result was consistent with
a previous study, which found improvement in an adverse
events profile from enrollment to follow up with Epidi-
olex treatment [40]. It was also consistent with an obser-
vational study of artisanal CBD users where participants
reported significantly better epilepsy medication toler-
ability compared to controls [27]. One possible explana-
tion for these findings was that after adding CBD to their
existing treatment regime, participants were better able
to tolerate their regular medication side effects and CBD
use did not cause any additional adverse events. Improv-
ing medication tolerance and decreasing side effects is an
important goal of TRE treatment.

A substantial amount of data was missing in this study.
According to Powney et al., 2014 “with larger percentages
of missing data, there is greater potential for bias if non-
completing participants are ignored in the analysis....
studies with dropout rates>15% are in need of missing
data to be analyzed and addressed” [23]. Repeated meas-
ures ANOVA analyses of imputed data largely supported
the results of the complete case analysis, with significant
main effects of time found for 4/5 (80%) datasets imputed
for the QOLIE-31-P data, 3/5 (60%) datasets imputed for
the HADS, and 4/5 (80%) datasets imputed for the LAEP,
strengthening our confidence in our conclusion. It should
be noted, however, that it is possible for MI to inject
bias, especially with small datasets and limited numbers
of variables [24]. In addition, if data are MNAR, MI may
lead to additional bias; the monotone MI method was
chosen to mitigate this potential. Why data was missing
in this study is not entirely clear, one possibility is that
people may not have been prepared to acquire CBD on
their own, but there are many other possibilities.

The urinalysis performed in this study was exploratory
and provided only a few snap shots of cannabinoid levels
over the course of the study for each participant. How-
ever, the data confirmed that the majority of participants
enrolled in this study added an amount of CBD to their
treatment regime that was measurable in their urine at
TIME 2 and TIME 3. Median levels of the primary CBD
metabolites CBDCOOH and CBDgluc at TIME 1 were
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0.00 ng/mL, indicating that the majority of participants
tested had no CBD in their system at the beginning of the
study. Median CBD/metabolites increased to levels well
above the LLOQ at TIME 2 and TIME 3, indicating that
the majority of participants had a measurable amount of
CBD/metabolites in their urine at these times.

The median level of THC/metabolites at TIME 1 were
very low but not zero. Median levels of the primary
THC metabolites THCCOOH and THCCOOHgluc
were 0.25 ng/mL and 0.0 ng/mL, respectively at TIME 1.
Median THC/metabolite levels increased to levels above
the LLOQ for TIMES 2 and 3, indicating the majority of
participants had a measurable level of THC/metabolites
in their system at these times. Results of the urinalysis
are consistent with the majority of participants reporting
using the whole spectrum product—Charlotte’s Web.

Although participants reported not having used any
cannabinoids in the last 30 days, they were not required
to be cannabis naive, which likely affected the urinalysis
results at TIME 1. Some participants had low but meas-
ureable levels of CBD/THC metabolites in their system
at the start of the study. Importantly, though, the mean
levels of metabolites at TIMES 2 and 3 were substan-
tially larger than at TIME 1, and an increasing trend in
the mean was apparent for all metabolites over time, con-
firming that participants added CBD to their treatment
regime.

Because pharmacokinetic processes are dynamic, and
may change over time, they may be affected by the fre-
quency and magnitude of drug use [41]. How long can-
nabis stays in your system varies depending on many
different factors including frequency of use, potency, con-
sumption method, body composition, nature of drug test,
etc. [42]. We highly recommend incorporating urine and/
or blood testing of cannabinoid levels in future studies of
chronic artisanal CBD use so that researchers can begin
to define therapeutic cannabinoid metabolite levels.

Strengths and limitations
This study had a number of strengths and weaknesses.
One strength of this study was the use of a within sub-
jects research design. This allowed participants to serve
as their own controls and limited the number of partici-
pants required to reach statistical significance assuming a
large effect. This study also had the benefit of being lon-
gitudinal, which allowed us to track sustained effects of
CBD on participants’ behavior. A further strength was
that, through urinalysis, we were able to confirm that
participants had added CBD to their treatment regime.
One important limitation of this study was that the
results for the complete case analysis were based on data
from only 10 participants. Power analysis indicated the
sample size required to achieve 85% power to detect an
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estimated large effect (d>0.8) at a significance criterion
of a=0.05, was 34, for within-subjects repeated meas-
ures ANOVA. Despite our best recruitment efforts, we
were only able to enroll 21 participants and only ten
participants completed the study. Therefore, the study
was underpowered and thus the analyses could lead to
biased conclusions, such as false positives. Although the
longitudinal nature of the study was positive, the length
of enrollment made it difficult for some participants to
complete the study. This limitation was mitigated by ana-
lyzing missing data using MI.

Another limitation was that because this study was
observational and not interventional, participants chose
their own cannabinoid products and controlled their
own dosing and drug administration. While most par-
ticipants (60%) chose to use Charlotte’s Web Advanced
Formula Hemp Oil Extract, their dosing varied, and some
participants chose to use other products. Although this
could potentially impact the generalization of this study,
research shows that participants prefer to have control
over their own treatment [43]. A sense of control is con-
sidered integral to a patient’s perception of their health
and well-being. Presumably, participants in this study
managed their CBD dosing in a manner that felt most
therapeutic for them personally, and this was reflected
in their improved perception of QoL, improved psycho-
logical well-being, and diminished experience of adverse
effects.

Since this was not a RCT, this study lacked control for
the placebo effect. The role of the placebo effect is par-
ticularly important to acknowledge as it is known to be
particularly strong in epilepsy drug studies [44], and in
studies of cannabinoid use in epilepsy [45, 46]. Moreo-
ver, widespread media coverage of CBD effectiveness at
reducing seizures, together with the belief that natural
products may be safer and more effective than traditional
pharmaceuticals, could have led to selection bias. We
cannot exclude the possibility that the placebo effect and
selection bias may be partially responsible for the find-
ings of this study. Although observational studies have
some inherent limitations which constrain their ability to
define causality, their strengths include that they reflect
daily practice more closely than RCTs in terms of both
the heterogeneous nature of the populations that are
included in research and the treatment that is received
[47].

In addition, a well-known psychological effect, called
the Hawthorne effect, must also be acknowledged as a
limitation of this study. This term, coined by Henry A
Landsberger, refers to the effect of awareness of being
part of a research study has on participants. The con-
cern is that participants change their behavior due to this
awareness. This was a long study with multiple points of
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contacts with researchers which potentially heightened
participants’ awareness of being in the study.

A further limitation of this study was that partici-
pants were not required to be cannabis naive. This likely
affected the urinalysis results at TIME 1. Moreover, uri-
nalysis was performed at the end of the study and was not
used as an exclusion criteria. In general, real-time testing
of CBD/metabolites was not readily available at the time
the study was conducted, but is recommended.

Interpretation

Our results suggest that use of widely available artisanal
CBD formulations may be associated with an improve-
ment in anxiety and depression symptoms, and QoL
in adults with TRE of varying etiologies. Use of CBD
may also be associated with a decrease in the experi-
ence of ASM-related side effects, improving medication
tolerability.

Generalizability

Despite the inability to assess causality, one strength of an
observational study is that it may reflect real life practices
better than randomized control trials which have much
more rigid protocols. Therefore, this study may be gener-
alizable to adult men and women age 18 — 64 years with
TRE of varying etiologies who may not be eligible to use
Epidiolex, and want to use artisanal CBD as an adjunctive
treatment. However, as acknowledged in the limitations,
it is possible, for example, that selection bias played a role
in these results.

Abbreviations
ASM Antiseizure medication

Anandamide  N-arachidonoylethanolamine

ANOVA Analysis of variance

CB1 Cannabinoid receptor type 1

CB2 Cannabinoid receptor type 2

df Degrees of freedom

ECS Endocannabinoid system

F Fisher statistic

LAEP Liverpool adverse events profile

LLOQ Lower limits of quantification

mg Milligram

mL Milliliter

nd. No date

ng Nanogram

p Probability value

RCT Randomized control trial

SD Standard deviation

SUDEP Sudden unexplained death in epilepsy

THC Delta-9-tetrahydro cannabinol

TRE Treatment resistant epilepsy

TRPV1 Transient receptor potential cation channel subfamily V
member 1

PPARG Peroxisome proliferator- activated receptor gamma

GPR55 G-protein coupled receptor 55

uLoQ Upper limits of quantification

QoL Quality of life
QOLIE-31-P Quality of life in epilepsy-31-Patient weighted
2-AG 2-arachidonoylglycerol
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5-HT-1a 5-hydroxytryptamine 1a receptor
5-HT-2a 5-hydroxytryptamine 2a receptor
HADS Hospital anxiety and depression scale

THC A9-tetrahydrocannabinol

110H-THC 11-hydroxy-A9-tetrahydrocannabinol

THC-COOH 11-nor-A9-tetrahydrocannabinol-9-carboxylic acid

THC-Gluc 11-nor-A9-tetrahydrocannabinol-9-carboxylic acid
glucuronide

CBD Cannabidiol

6a-OH-CBD 6a-hydroxy cannabidiol

6b-OH-CBD 6b-hydroxy cannabidiol

70H-CBD 7-hydroxy cannabidiol

7-CBD-COOH  7-cannabidiol-9-carboxylic acid

CBD-Gluc Cannabidiol-9-carboxylic acid glucuronide

CBC Cannabichromene

CBN Cannabinol

CBG Cannabigerol

CBDV Cannabidivarin

THCV A9-tetrahydrocannabivarin
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