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Abstract

Studies have shown that women are more susceptible to adverse effects (AEs) from conventional drugs. This study aime(g
investigate the differences of medical cannabis (MC)-related AEs between women and men in patients with chronic noncancer pain
(CNCP). This is a cross-sectional study of adult patients licensed for MC treatment who were also diagnosed as patients with CNCP
by a physician. Data included self-reported questionnaires and comprehensive MC treatment information. Simultaneously,
identification and quantification of phytocannabinoids and terpenoids from the MC cultivars were performed. Comparative statistics
were used to evaluate differences between men and women. Four hundred twenty-nine patients with CNCP (64% males) reported
fully on their MC treatment. Subgrouping by sex demonstrated that the weight-adjusted doses were similar between men and
women (0.48 [0.33-0.6] gr for men and 0.47 [0.34-0.66] gr for women). Nonetheless, women reported more than men on MC-
related AEs. Further analysis revealed that women consumed different MC cultivar combinations than men, with significantly higher
monthly doses of the phytocannabinoids CBD and CBC and significantly lower monthly doses of the phytocannabinoid 373-15¢
and the terpenoid linalool. Our findings demonstrate sex differences in MC-related AEs among patients with CNCP. Women are
more susceptible to MC-related AEs, presumably because of both the inherent sex effect and the consumption of specific
phytocannabinoid compositions in the MC cultivar(s). The understanding of these differences may be crucial for planning MC

treatments with safer phytocannabinoid and terpenoid compositions and to better inform patients of expected AEs.
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1. Introduction

Chronic noncancer pain (CNCP) is the most common qualifying
medical condition reported among patients consuming medical
cannabis (MC).® About half of the patients consuming MC are
women.'? In a 2016 survey of 1000 patients diagnosed with
rheumatoid arthritis, more than half of the respondents who
reported current cannabis use were women.?* In addition, in 2
recent multicenter prospective studies of patients with chronic
and cancer pain under MC treatment in Israel, women involved
were over 40% and over 50% of the samples, respectively.'*
Moreover, in a cross-sectional study of patients with migraine
under MC treatment in Israel, almost 70% were women.® These
demographics are similar for other patient populations who use
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MC to alleviate symptoms other than pain. For instance, over 50%
of patients with cancer who received a license for MC to manage
appetite, weakness, nausea, and pain were women.?® Recrea-
tional cannabis use rates are consistently higher among men, '°
but data from surveys of MC users demonstrate that the
difference between sexes is narrowing.

This equal prevalence of use between men and women raises
questions regarding sex-dependent effects related to MC.
Nevertheless, very few studies evaluated sex-dependent efficacy
of MC treatment and even fewer evaluated MC-related adverse
effects (AEs)."® Importantly, although CNCP is currently the most
researched indication for MC treatment, with over 40 randomized
controlled trials, producing many reviews, meta-analyses, and
even systemic reviews of systemic reviews on this issue,?° there is
still a vast gap in knowledge of sex-related differences.

In general, AEs from conventional drugs are more frequent and
severe in women than in men, based on the FDA Adverse Event
Reporting System.2® These differences may be due to pharma-
cokinetic or pharmacodynamic factors, polypharmacy, or differ-
ences in reporting patterns. Adding to the complexity of sex
differences in MC treatment is the fact that cannabis is not a single
plant. There are over a 1000 of different cannabis cultivars or
chemovars, each with a unique chemical composition and
therefore each with potentially different biological activity.
Nonetheless, current regulations do not take into account the
sex of patients for monthly dose, cultivars selection, and the MC
chemical composition. '

We have recently demonstrated, in a cross-sectional pro-
spective study following up naturalistically on patients with CNCP
with a prolonged MC treatment period, that pain intensities and
other clinical outcomes remain stable. Although 86% reported on
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atleast 1 AE, the most frequent AEs were gastrointestinal (70%),
central nervous system (60%), psychological (45%), ophthalmic
(84%), musculoskeletal (31%), and cardiovascular (10%) and
were also stable during the follow-up.?2 However, we did not
investigate whether these considerable rates of AEs could be
explained by sex differences. Thus, in the current study, using the
same database, we attempted to examine whether there are sex
differences in MC-related rates of AEs and whether such
differences are associated with the chemical composition of the
MC treatment.

2. Methods
2.1. Israeli medical cannabis regulations

Owing to the lIsraeli Ministry of Health (IMOH) regulations of
cannabis use for medical purposes, there are specific indications
for which a physician can request a license for a patient. Chronic
noncancer pain is a qualifying condition for MC license. Generally,
MC application is received by one of the board members of the
medical cannabis unit (MCU) that would reply to the physician if
his request is approved or declined.'®

In Israel, at the time the study was conducted (2015-2019), any
physician with any expertise could apply to the IMOH to request
an MC license for his or her patients. These physicians decide in
collaboration with the patient on the route of administration that is
approved by the MCU, either inflorescence for smoking and
vaporizing or oil extracts for sublingual use. The monthly dose of
MC is decided by the physician, with a starting monthly dose
generally indicated as 20 g by the MCU and any increase
subjected to its approval. Physicians provide consultation for the
selection of a specific MC cultivar or combinations of cultivars.
However, the final decision on the MC cultivar or cultivars
selected is in the hands of the patient. After approval, the patients’
contact details were transferred to 1 of 9 licensed cultivators for
treatment instructions, cultivar selection (ie, THC:CBD ratio and
sativa or indica dominance), and payment. Every patient goes
through a personal trial-and-error process to find the cultivar or
the combination of cultivars that best meets his or her therapeutic
needs. Titration guidelines of MC treatment (starting dose, doses
per day, guidelines for increasing or decreasing of the dose, or
maximum dose allowed) are recommended by the physicians but
are not enforced. Patients paid a fixed monthly price of about
$100 regardless of the amount or the number of cultivars.

Mentionable, no specific information on the prescribing
physicians was published by the IMOH at the time the study
was conducted. However, Sharon et al. published a generalizable
survey in which 95% of 50 Israeli pain specialist physicians
applied for MC licenses for their patients.?’

2.2. Inclusion criteria

Patients were eligible to participate if they were aged > 18 years,
read Hebrew, were diagnosed for CNCP by a physician, and had
standing MC license for the treatment of CNCP.

2.3. Instruments
2.3.1. Study questionnaires

Data collection was performed online by secure survey technol-
ogy Qualtrics (Provo, Utah; version 12018).'® Demographic
information included age, sex, body mass index, and tobacco
and alcohol consumption habits. Data on pain characteristics
included the least, average, and worst weekly pain intensities and
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pain etiology. Specifically, patients were given the list of pain
etiologies with examples for each (eg, “chronic neuropathic
pain—such as herniated disc with radiating pain, postherpetic
neuralgia, etc.”). Specific information on the pharmaceutical
analgesics consumption was also reported. Validated question-
naires included the quality of life (QoL) questionnaire, EuroQol
(EQ5),"" and sleep timing section of the Pittsburgh sleep quality
index.?? In addition, patients reported on their MC treatment
characteristics and related adverse effects, including administra-
tion route, cultivator brand, cultivar name, total monthly dose
(grams), and monthly dose of each specific cultivar names
(grams), as well as adverse effects that patients attributed directly
to the MC treatment based on the most frequent AEs in a
previously published list of MC related—-AEs.* In the AEs report
section, there was an option to report on “other” AEs patients may
have experienced, with an open text. After a report of a specific
AE, the patients were transferred to a section with questions
regarding the frequency (rarely, frequently, or constantly) and
severity (mild, moderate, or severe).

2.3.2. Phytocannabinoid profiling of cannabis chemovars

During December 2015 and October 2019, air-dried MC cultivars
were obtained from several Israeli MC cultivators. Reagents,
analytical standards, and general methodologies for phytocan-
nabinoid and terpenoids extraction and analysis from Cannabis
were according to our previously published methods.®”

For each phytocannabinoid, the concentrations of the acid and
its neutral counterpart were summed and reported as the total
content. For example, the concentration of total A-9-
tetrahydrocannabinol (AS-THC) was calculated as
Total A® —THC = A® — THCA X 0.877 + A — THC, with 0.877
being the molar ratio between the 2 compounds that corrects for
a change in the mass of (—)-A°-trans-tetrahydrocannabinol acid
(AS-THCA) as a result of decarboxylation. For compounds with no
absolute identification, neutral or acid concentrations were used.

For terpenoid analysis, 10 mg of ground cannabis flowers were
weighed in a 20 mL amber HS-rounded bottom vial and
immediately sealed with a magnetic 32 mm Polytetrafluoro-
ethylene (PTFE) septa cap. Terpenoids were separated using a
Trace 1310 gas chromatograph (Thermo Scientific, Bremen,
Germany) coupled to a TSQ 8000 Evo triple quadrupole mass
spectrometer (Thermo scientific), equipped with a DB-35 MS Ul
capillary column (80 m X 0.25 mm x 0.25 pm, Agilent
Technologies, Palo Alto, CA). A Pal RTC autosampler CTC-Pal
(Analytics AG, Zwingen, Switzerland) for automated static
headspace injections was used; 1 mL of a sample’s gas phase,
prepared after 30 minutes agitation of a flower sample with 140°C
temperature, was injected in the GC injection port with a split ratio
of 1:50. The identification and absolute quantification of
terpenoids was performed in MS/MS mode by external calibra-
tions as described by Shapira et al. (2019).%°

Because the inflorescences were analyzed in their natural form,
monthly consumption of phytocannabinoid doses was calculated
using total phytocannabinoid concentrations. This calculation
corrects for any differences that may arise in phytocannabinoid
profiles as a result of decarboxylation because of mishandling or
storage of the MC inflorescences. The median phytocannabinoid
concentrations of few separate batches for each cultivar were
used in our analyses.

To reduce the variability between analyzed cultivars, only
phytocannabinoids and terpenoids with minimum average
concentrations of 0.1 g and 400 ppm, respectively, were
reported.
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Differences in demographic characteristics between sexes.

Measure Males (N = 275, 64%) Females (N = 154, 36%) Total (N = 429) Effect size (CI; P)

Median (IQR)
Age (y) 41 (35-52) 44 (33-53) 42 (35-52) —0.01 (=0.21t0 0.19; #= 0.18)
Weight (Kg) 78 (70-90) 67 (56-78) 73 (63-85) —0.73 (—0.92 to 0.55; £< 0.001)
BMI 24 (22-27) 24 (20-27) 24 (21-27) —0.07 (—0.28 t0 0.13; A< 0.05)

No. of patients (%)
Tobacco smoking consumption (yes) 144 (53) 78 (51) 222 (52) 0.05 (0 t0 0.15; = 0.56)
Alcohol consumption (yes) 100 (37) 55 (35) 155 (36) 0.02(0t00.11; = 0.92)

BMI, body mass index; Cl, confidence interval; IQR, interquartile range; Kg, kilograms; OR, odds ratio.

2.4. Study procedure

The data for this cross-sectional study were gathered from
2017 through 2019 after approval by the Institutional Ethics
Committee of the Technion, Institute of Technology, Haifa,
Israel (#011-2016). From an existing database of Israeli
patients with preexisting MC license for various indications,
we selected patients who agreed electronically to disclose
their email address for future studies. Those who reported
having a diagnosis of CNCP were sent an email with an
explanation on the study design and a link to the online
questionnaire. Electronic informed consent was obtained
from patients who agreed to participate in the study. No
financial compensation was offered to participating patients.
While questionnaire data were being collected, the most
prominent and most frequently administered cultivars from
various approved cultivators in lIsrael were analyzed for
phytocannabinoid content by Electrospray ionization-liquid
chromatography (ESI-LC) or mass spectrometry (MS). Impor-
tantly, the chemical analyses were performed on the in-
florescence of cultivars received from the cultivators and not
directly from the patients.

2.5. Statistical analysis

R software (V.1.1.463) with tidyverse®® and atable®® packages
were used to analyze differences in outcome measures by the
Pearson x? test for categorical measures and the Kruskal-Wallis
rank-sum test for numeric measures. For the effect size and
confidence interval (Cl), the Cohen d test was used. The
Shapiro-Wilk test of normality demonstrated a nonnormal
distribution for all measures; thus, data are presented as median
and lower and upper quartiles (interquartile range). Differences
were considered significant at the P < 0.05 level. Incidences are
presented as number and percentage of patients.

3. Results
3.1. Sample

From 3627 patients with previous MC license for various
indications, we selected 429 patients who reported having a
diagnosis of CNCP and (1) consumed MC only by the inhalation of
inflorescences, as to not compare the effect between different
pharmacokinetic routes, and (2) reported fully on their MC

Differences in pain characteristics between sexes.

Measure Males (N = 275, 64%) Females (N = 154, 36%) Total (N = 429) Effect size (Cl; P
Median (IQR)
Least pain intensity (NPS, 0-10) 4 (2-5) 4 (2-6) 4 (2-6) 0.17 (—0.03 t0 0.38; 2= 0.36)
Average pain intensity (NPS, 0-10) 7 (5-8) 6-8) 7 (5- 0.18 (—0.01 t0 0.38; £ = 0.20)
Worst pain intensity (NPS, 0-10) 8 (8-10) 9 (8-10) 9 (8-10) 0.19 (—0.01 t0 0.39; = 0.24)
No. of patients (%)
Pain frequency
Constant 142 (52) 85 (55) 227 (53) 0.11 (0.02 t0 0.21; A= 0.47)
Sporadic 133 (48) 69 (45) 202 (47)
Pain etiology*
Neuropathic 205 (75) 107 (62 312 (73) 0.78 (0.49 to 1.20; = 0.31)
Musculoskeletal 168 (61) 88 (57) 256 (60) 0.85 (0.56 to 1.30; = 0.49)
Nociplastic 43 (16) 70 (45) 113 (26) 4.50 (2.80 to 7.30; A< 0.001)
Visceral 33(12) 29 (19 62 (14) 0.59 (0.33 t0 1.10; = 0.07)
Headaches 55 (20) 56 (36) 111 (26) 2.30 (1.40 to 3.60; ~< 0.001)
Any analgesics consumption (yes) 128 (47) 70 (45) 198 (46) 1.10(0.69to 1.6; #= 0.88)
OTC analgesics (yes) 30 (11) 24 (16) 54 (13) 0.67 (0.36 to 1.20; A= 0.22)
NSAID analgesics (yes) 19 (7) 17 (11) 36 (8) 0.60 (0.29 to 1.30; = 0.20)
Weak opioids (yes) 40 (15) 21 (14) 61 (14) 1.10 (0.59 to 2.00; #= 0.90)
Strong opioids (yes) 57 (21) 26 (17) 83 (19 1.30 (0.76 t0 2.30; #= 0.39)
Anticonvulsant adjuvant analgesics (yes) 26 (10) 17.(11) 43 (10) 1.20 (0.58 to 2.40; A= 0.73)
Antidepressant adjuvant analgesics (yes) 39 (14) 31 (20) 70 (16) 1.50 (0.87 t0 2.60; = 0.15)
IV analgesics (yes) 7@ 9(6) 16 (4) 2.40 (0.77 t0 7.60; A= 0.15)

Weak opioids included buprenorphine hydrochloride, tramadol hydrochloride OD, etc.; strong opioids included fentanyl, methadone, oxycodone hydrochloride, etc.; anticonvulsants included pregabalin, gabapentin, etc.;
antidepressants included amitriptyline hydrochloride, duloxetine, etc.; IV, intravenous analgesics included IV ketamine, IV magnesium, and IV lidocaine.

* Either as a single pain etiology or in combination with other pain etiologies does not add up to 100%.

Cl, confidence interval; IQR, interquartile range; NPS, Numerical Pain Scale; NSAIDs, nonsteroidal anti-inflammatory drugs (including ibuprofen, etoricoxib, etc); OTC, over the counter (including paracetamol and dipyrone).
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Figure 1. (A) Difference between absolute monthly doses of MC between women and men; (B) Difference between weight-adjusted monthly doses of MC between
women and men. gr, grams; kg, kilograms; M, month; MC, medical cannabis; N.S, nonsignificant.

treatment, including exact cultivars consumed, and overall and
individual cultivars monthly dose. Inhalation of inflorescences was
separated to smoking by 324 patients (76%), vaporizing by 86
patients (20%), and alternating both routes by 19 patients (4%).
These patients represent the sample that is reported and
analyzed in this article.

3.2. Sex subgroups

Sample demographics consisted mainly of men (n = 275, 64%),
with a median age of 42 (35-52) years. Subgrouping the sample
by sex (Table 1) revealed that women reported on having lower
body mass index compared with men (—0.07, 95% Cl=-0.28 to
0.13; P < 0.05).

3.3. Pain intensity measures

Least, average, and worst pain intensities were similar between sexes,
as well as for their pain frequency. However, women were more likely
to suffer from headaches (n = 56, 36%) and dysfunctional pain
etiologies (N = 70, 45%; mostly fioromyalgia syndrome) than men (n =
55, 20% and n = 43, 16%, respectively). No significant differences
between sexes were observed in neuropathic, musculoskeletal, and
visceral pain etiologies or in adjuvant analgesic medications
consumption, including over-the-counter drugs, nonsteroidal anti-
inflammatory drugs, weak and strong opioids, anticonvulsants,
antidepressants, and IV analgesic treatments (P > 0.05) (Table 2).
The morphine equivalent dose was also similar between the sexes,
with median (interquartile range) and mean = SD of 0 (0-7.5)and 24 +
102 for men, respectively, and 0 (0-0) and 16 * 65 for women,

Differences between medical cannabis characteristics and monthly weight-adjusted doses of phytocannabinoids and

terpenoids between the sexes.

Measure Males (N = 275, 64%) Females (N = 154, 36%) Effect size (CI; P)
No. of patients (%)

MC dose
20-30 (gr) 134 (49) 99 (64 1.90 (1.20 to 2.90; A< 0.005)
40-100 (gr) 141 (51) 55 (36

MC inhalation administration routes
Smoking 204 (74) 120 (78) 0.04 (0to 0.14; A= 0.69)
Vaporizing 58 (21) 28 (18)
Smoking and vaporizing 13 (5) 6 (4)

Daily frequency of MC consumption
1 1(<1) 1(<1) 0.03 (0to 0.15; = 0.95)
2-3 72 (26) 47 (31)
4-6 75 (27) 50 (32)
>6 32 (12) 18 (12)

Median (IQR)
No. of MC cultivars per month 2 (2-3) 2 (2-3) —0.18 (—=0.37 10 0.02; »= 0.62)

Percentages are rounded and without decimal points.

Cl, confidence interval; IQR, interquartile range; kg, kilograms; ppm, parts per million; mg, milligrams; M, month; MC, medical cannabis.
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Figure 2. Differences of MC-related AEs between women and men. (A) Overall (B—G) system types as stated. AEs, adverse effects; CNS, central nervous system;
Gl, gastrointestinal; MS, musculoskeletal; MC, medical cannabis; N.S, nonsignificant; numbers on top of the bars represent the number of patients n.

respectively. Additional data on QoL and sleep timing differences
between the sexes were also examined (Appendix Table 1, available
at http://links.ww.com/PAIN/B477), showing that both sleep latency
and time in bed were significantly longer for women (0.23, 95% Cl =
0.03-0.44; P < 0.01 and 0.37, 95% Cl = 0.17-0.57; P < 0.01,
respectively). Sleep duration and QoL scores were not significantly
different between the sexes.

3.4. Medical cannabis treatment measures

The median treatment duration before this study was 2 years ranging
from patients treated for more than 1 year to 13 years. Men consumed
a higher (40 [30-40] grams) absolute MC dose than women (30 [20-
40] grams) (—0.31, 95% Cl=—0.51 to 0.11; P < 0.05). Specifically,
most men consumed 40 to 100 g MC monthly (n = 141/275, 51%),
whereas most women consumed 20 to 30 g MC monthly (n = 99/
154, 64%). Although the total MC monthly dose was higher for men,
the total weight-adjusted dose was not significantly different between
sexes, with 0.48 (0.33-0.6) g/kg/M for men and 0.47 (0.34-0.66) g/kg/
M for women (0.11, 95% Cl=—0.08 to 0.32; P = 0.44) (Fig. 1). No
significant differences were observed between sexes in MC inhalation
administration routes, daily frequency of MC consumption, or number
of MC cultivars per month (P > 0.05) (Table 3).

3.5. Medical cannabis-related adverse effects

Analyzing the data collected regarding the differences of MC-
related AEs between women and men revealed that women

reported more than men on such AEs (Fig. 2). Specifically,
women reported more than men on central nervous system
(73% compared with 53%), gastrointestinal (79% compared
with 65%), musculoskeletal (MS) (40% compared with 26%),
and psychological AEs (54% compared with 39%). No
significant differences were found in cardiovascular and
ophthalmic AEs.

Particularly, women significantly reported (P < 0.05) more than
men on confusion, attention disturbance, dizziness, balance
disturbance, fatigue, memory disturbance, coordination distur-
bance, anxiety, dysphoria, forgetfulness, abdominal pain, nau-
sea, diarrhea, decreased appetite, thirst, joint pain, week limbs,
blurred vision, red eyes, and dry eyes AEs. The specific AEs in
which statistically significant sex differences were found are
displayed in Table 4. All specific AEs, as well as their frequency
and severity, are displayed in Appendix Table 2, available at
http://links.lww.com/PAIN/B477. Generally, whenever a specific
AE was more frequent in women, it was also reported with a
higher rank of severity, at significantly higher rates than men.

3.6. Sex-specific medical cannabis cultivar combinations

The difference in rates of AEs observed between men and women
may be attributed to either an inherent difference between the
sexes or to differences in the MC they consumed. The variety of
cultivars and the option for patients to consume more than 1
cultivar per month created multiple and variable treatment
options. Therefore, we calculated from the cultivar(s) the
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Sex differences in specific medical cannabis-related adverse effects.

Measure Males (N = 275, 64%)

Females (N = 154, 36%)

Total (N = 429) Effect size (Cl; P)

No. of patients (%)
Central nervous system

Confusion 218 24 (16)
Impaired attention 28 (10) 32 (21)
Dizziness 12 (4) 26 (17)
Impaired balance 13 () 24 (16)
Fatigue 108 (39) 88 (57)
Impaired memory 34 (12) 45 (29)
Impaired coordination 6 (2) 13 (8)
Impaired speech 10 (4) 13 (8)

Psychological
Anxiety 19 (7) 22 (14
Dysphoria 39 (14) 45 (29)
Forgetfulness 35(13) 34 (22)

Gastrointestinal
Abdominal pain 23 (8) 32 (21)
Nausea 26 (10) 28 (18)
Diarrhea 14 (5) 17 (11)
Decreased appetite 28 (10) 36 (23)
Thirst 76 (28) 59 (38)

Musculoskeletal
Joint pain 37 (13 39 (25)
Weak limbs 29 (11) 29 (19

Visual
Blurred vision 14 (5) 19 (12)
Red eyes 59 (21) 20 (13)
Dry eyes 35 (13) 34 (22)

45 (10) 2.20 (1.10 to 4.40; £< 0.05)
60 (14) 2.30 (1.30 to 4.20; A< 0.005
38 (9 4.40 (2.10 t0 10.0; £< 0.001

(
( )
) ( )
3709 3.70 (1.70 t0 8.20; ~< 0.001)
( )
( )

(

(

2.10 (1.40 10 3.10; £< 0.001
79 (18 2.90 (1.70 t0 5.00; £< 0.001
19 (4) 4.10 (1.40 to 14.00; < 0.005)
23 (5) 2.40 (0.96 0 6.40; £< 0.01)
41 (10) 2.20 (1.10 to 4.50; P< 0.05)
84 (20) 2,50 (1.50 0 4.20; P< 0.001)
69 (16) 1.90 (1.10 to 3.40; P< 0.05)
55 (13) 2.90 (1.60 1o 5.40; £< 0.001)
54 (13) 210 (110 t0 3.90; A< 0.05)
31(7) 2.30 (1.00 0 5.20; £< 0.05)
64 (15) 2.70 (1.50 o 4.80; P< 0.001)
135 (31) 1.60 (1.00 to 2.50; P < 0.05)
76 (18) 2.20 (1.30 0 3.70; £< 0.005)
58 (14) 2.00 (110 to 3.60; £< 0.05)
33 (9) 2.60 (1.20 10 5.80; P< 0.05)
79 (18) 0.55 (0.30 t0 0.97; A< 0.05)
69 (16) 1.90 (1.10 t0 3.40; P< 0.05)

Cl, confidence interval; IQR, interquartile range; OR, odds ratio.

phytocannabinoid and terpenoid monthly doses consumed by
each patient.

In the entire study sample (n = 429), a total of 41 distinct MC
cultivars were consumed, comprising 222 cultivar combinations
that were reported by all patients. The patients were divided into 3
groups based on the cultivar combinations they chose. Of these,
111 unique cultivar combinations (50%) were consumed only by
men (ie, these combinations were not consumed by patients in
the other 2 groups), 70 unique cultivar combinations (32%) were
consumed only by women, and 41 unigue cultivar combinations
(18%) were consumed by both sexes (‘common’). Particular
cultivars made up a small percentage of the overall cultivar
combinations and therefore are unlikely the underlying reason for
the differences in rates of AEs between men and women.

Next, we evaluated the differences in overall and specific rates
of AEs between cultivar combinations consumed only by men,
only by women, or by both sexes. Although the common cultivar
combinations had the same percentage of overall AEs reports
(88% both for men and women in this group), the men only or
women only groups had different cultivar combinations and
reported on more AEs for the woman-specific cultivars (95%)
than the man-specific cultivars (78%) (Fig. 3A). We next divided
the AEs into specific subtypes (gastrointestinal, central nervous
system, psychological, ophthalmic, MS, and cardiovascular AEs)
and examined the sex differences per each subtype. Men
reported less than women on AEs in the common group as well
as the men only cultivar combinations group (Fig. 3B-F). The one
exception were cardiovascular AEs, in which men in the sex-
specific cultivar combinations group reported on more AEs than
men in the common group (Fig. 3G). For women, those in the
women only cultivar combinations group reported more on AEs
than women in the common group; while for men, those in the

men only cultivar combinations group reported less on AEs
compared with men in the common group.

Weight-adjusted monthly doses of the most prominent
phytocannabinoids and terpenoids consumed only by men, only
by women, or by both sexes are presented in Table 5. Mention-
able, women in the sex-specific cultivar combinations group
consumed significantly higher monthly doses of the phytocanna-
binoids cannabidiol and cannabichromene, while consuming
significantly lower monthly doses of the phytocannabinoid 373-
15¢ and the terpenoid linalool. Men in the sex-specific cultivar
combinations group consumed significantly higher monthly
doses of the phytocannabinoid CBN and the terpenoid B-myr-
cene, while consuming significantly lower monthly doses of the
phytocannabinoid 331-18b.

4. Discussion

In this study, we evaluated the sex differences in MC-related AEs
of patients with CNCP. To overcome the complexity of multiple
cultivars in MC treatment, we calculated patients’ monthly dose
consumption of specific MC chemovar constituents. We found
that although the weight-adjusted monthly dose of MC was
similar among the sexes, and pain intensities were also similar,
women reported on higher rates of MC-related AEs.

The higher rates of reported AEs in women may be due to
physiological differences. An in vivo study in a rat model showed
that the metabolism of the major phytocannabinoid A9-THC is
different between the sexes; when given the same A9-THC dose,
female rats produced higher levels of the active metabolite 11-
hydroxy-THC in the brain and demonstrated lower pain sensitivity
than male rats.?” Another preclinical study has shown that
gonadal sex hormones affect cannabinoid concentrations in
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several brain areas.® Previous studies have shown that the drug
plasma concentrations could be affected by sex, in additional to
other factors such as dose, administration route, frequency of
consumption, drug—-drug interaction, age, body weight, patho-
physiology status, and smoking.'”'® In the current study, we
controlled for some of these factors, for example, by adjusting the
dose to weight or by dividing the sample according to the
administration route, but still, they cannot be excluded com-
pletely. It is important to note that women reported higher rates of
MC-related AEs, although there was no difference in pain
intensities between men and women. Contradictory to this, a
study among recreational cannabis users found increased
antinociception among healthy human men compared with
women.' A possible explanation from previous studies on
recreational use is that women are more susceptible to the
adverse effects of A9-THC at a low dose.™*

Another possible explanation for women reporting on higher
rates of MC-related AEs is the unique MC cultivar combinations
they consumed. Using a more in-depth perspective, we
demonstrated that for most types of AEs, for the group of
cultivars consumed by both men and women, the rate of AEs
reports was either higher among women or similar. This
suggested an inherent role of the sex itself on the AEs report.
However, we discovered that some cultivar combinations were
consumed only by a specific sex. We found that in these groups,
women in the women only cultivar combination group reported on
higher rates of AEs compared with the women in the common

cultivar group, whereas men in the men only cultivar combina-
tions group mostly reported on lower rates of AEs than the men in
the common cultivar group. This finding suggests a role for the
phytocannabinoid and terpenoid compositions as possible
contributors for the differences in MC-related AEs, in addition to
inherent sex differences.

Using our laboratory’s unique analytical ability that allows for
the quantification of phytocannabinoids and terpenoids,”?° we
were able to evaluate all the weight-adjusted monthly doses of the
compounds for each patient. We found that different weight-
adjusted monthly doses of phytocannabinoids and terpenoids
were consumed by the women only or men only cultivar
combinations groups. We demonstrated that A9-THC doses
were not significantly different between the groups. Women in the
sex-specific cultivar combinations group consumed significantly
higher monthly doses of the phytocannabinoids CBD and CBC
and lower monthly doses of 373-15¢ and the terpenoid linalool,
whereas men in the sex-specific cultivar combinations group
consumed significantly higher monthly doses of the phytocanna-
binoid CBN and the terpenoid B-myrcene and lower monthly
doses of the phytocannabinoid 331-18b. The different weight-
adjusted monthly doses of these specific phytocannabinoids and
terpenoids may be responsible to the higher rates of AEs reported
by women. How these compounds contribute to the prevalence
of AEs remains to be investigated.

The differences found between men and women in the
consumed cultivar combinations can arise from either the
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Differences between the monthly weight-adjusted doses of phytocannabinoids and terpenoids between sexes in the 3 cultivar

combinations groups.

Measure Male sex—specific cultivar Female sex-specific cultivar Common cultivar combinations (xz)*lKruskaI-WaIIis
combinations (N = 158) combinations (N = 73) (N = 198) rankt(P)
No. of patients (%)
Sex
Male 158 (100) 0 117 (59) 220.99* (<0.001)
Female 0 73 (100) 81 (41)
Phytocannabinoids Median (IQR) mg/kg/M
A’-trans- 65 (40-92) 57 (37-83) 67 (46-94) 5.011 (0.08)
tetrahydrocannabinol (A9-
THC)
A9-THC-C4 0.27 (0.16-0.38) 0.24 (0.13-0.40) 0.27 (0.19-0.41) 4.59t (0.10)
A9-Tetrahydrocannabivarin -~ 0.63 (0.41-0.98) 0.55 (0.40-0.85) 0.70 (0.46-1.00) 4.701 (0.09)

(THCY)

Cannabidiol (CBD) 0.30 (0.18-0.51) 0.38 (0.20-12.00) 0.27 (0.18-0.39) 11.101 (<0.005)
Cannabigerol (CBG) 2.00 (1.30-2.90) 2.00 (1.20-2.90) 2.00 (1.40-3.00) 0.541 (0.76)
Cannabinol (CBN) 0.31(0.17-0.48) 0.26 (0.14-0.41) 0.24 (0.16-0.36) 6.061 (<0.05)
Cannabichromene (CBC) 0.77 (0.55-0.97) 0.90 (0.58-1.40) 0.64 (0.46-0.96) 14.661 (<0.001)
331-18b 0.36 (0.23-0.56) 0.45(0.27-0.63) 0.45 (0.28-0.61) 8.931 (<0.05)
373-15¢ 0.17 (0-0.57) 0.08 (0-0.24) 0.34 (0-0.63) 12.091 (<0.005)
Missing N (for 4 4 8
phytocannabinoids)

Terpenoids Median (IQR) ppm/kg/M
a-pinene 362 (225-616) 337 (244-475) 270 (167-486) 5.3t (0.07)
{3-pinene 258 (158-527) 286 (178-388) 226 (138-373) 1.33t (0.51)
Ledene 408 (205-653) 413 (158-555) 396 (214-680) 0.941 (0.62)
Limonene 795 (512-1600) 908 (461-1200) 705 (424-1200) 2.561 (0.28)
Linalool 820 (468-1300) 639 (360-1000) 988 (583-1500) 8.621 (<0.05)
Trans B-farnesene 364 (245-494) 382 (257-525) 293 (212-467) 4.38t (0.11)
a-fenchol 647 (414-1100) 561 (381-871) 598 (396-1000) 0.691 (0.71)
a-humulene 682 (386-984) 540 (391-727) 596 (402-999) 1.321 (0.52)
a-terpineol 510 (273-804) 401 (303-617) 435 (22-748) 1.491 (0.47)
{3-caryophyllene 2100 (1300-3300) 1700 (1000-2500) 2100 (1500-3300) 3.501 (0.17)
3-myrcene 1200 (742-2100) 1100 (754-1500) 692 (420-1900) 11.311 (<0.005)

Missing N (for terpenoids) 63 40

63

* Pearson Chi-squared test.
T Kruskal-Wallis rank-sum test.

IR, interquartile range; percentages are rounded and without decimal points; kg, kilograms; mg, milligrams; M, month; ppm, parts per million.

individual choice of the patients or by the recommendations from
physicians and cultivators that supplied them with the treatment.
In the case of individual choice, it is possible that factors affected
by the phytocannabinoid and terpenoid composition, such as the
taste and smell of the MC treatment or other positive effects that
were not assessed here, contributed to the choice of specific
cultivars, leading men and women to consume different cultivar
combinations.

4.1. Limitations

The current study has a few limitations. First, self-report bias
could have occurred. However, the questionnaire was
anonymous and validated. Second, because of our study
design, we did not have access to patient’s data before MC
treatment initiation, making it impossible to make causal
conclusions. Third, because we investigated patients in the
sample that consumed MC by inflorescence inhalation only,
findings cannot be generalized to other consumption routes.
Fourth, because report on AEs was performed after 1-month
treatment for the entire month, a recall bias may have
occurred. In addition, the specific characteristics of the
prescribing physicians are unknown, and as such, selection
bias could not be controlled for. Finally, because there was no

direct contact with the patients and the MC cultivars for
analysis were collected from the cultivators by matching name
and batch, there is some measure of extrapolation when
associating the patients’ AEs reports.

4.2. Conclusions

Although CNCP is one of the most frequent indications for
MC treatment, there is no knowledge regarding the response
of specific subgroups of the patient population with CNCP to
MC treatment. The current study results demonstrate that
women are more susceptible to MC-related AEs, presum-
ably because of both an inherent sex effect and to the
consumption of specific phytocannabinoid and terpenoid
compositions in the MC cultivar(s). These results may shed
light on the differential effects of MC between sexes.
Physicians and future clinical studies should address sex
differences to establish safer MC treatments and better
prepare patients for the expected prevalence of MC-
related AEs.
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