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Abstract
Objectives: We measure for the first time how commercially 
available Cannabis flower products affect feelings of fatigue. 
Methods: A total of 1,224 people recorded 3,922 Cannabis 
flower self-administration sessions between June 6, 2016, 
and August 7, 2019, using the Releaf App. Usage sessions 
included real-time subjective changes in fatigue intensity 
levels prior to and following Cannabis consumption, Canna-
bis flower characteristics (labeled phenotype, cannabinoid 
potency levels), combustion method, and any potential ex-
perienced side effects. Results: On average, 91.94% of peo-
ple experienced decreased fatigue following consumption 
with an average symptom intensity reduction of 3.48 points 
on a 0–10 visual analog scale (SD = 2.70, d = 1.60, p < 0.001). 
While labeled plant phenotypes (“C. indica,” “C. sativa,” or 
“hybrid”) did not differ in symptom relief, people that used 
joints to combust the flower reported greater symptom re-
lief than pipe or vaporizer users. Across cannabinoid levels, 
tetrahydrocannabinol, and cannabidiol levels were gener-
ally not associated with changes in symptom intensity levels. 

Cannabis use was associated with several negative side ef-
fects that correspond to increased feelings of fatigue (e.g., 
feeling unmotivated, couch-locked) among a minority of us-
ers (<24% of users), with slightly more users (up to 37%) ex-
periencing a positive side effect that corresponds to in-
creased energy (e.g., feeling active, energetic, frisky, or pro-
ductive). Conclusions: The findings suggest that the 
majority of patients experience decreased fatigue from con-
sumption of Cannabis flower consumed in vivo, although 
the magnitude of the effect and extent of side effects expe-
rienced likely vary with individuals’ metabolic states and the 
synergistic chemotypic properties of the plant.

© 2022 The Author(s).
Published by S. Karger AG, Basel

Federal barriers to conduct clinical investigations on 
the effects of Cannabis in the USA have resulted in a gen-
eral lack of understanding of how common and commer-
cially available cannabis-based products may affect even 
the most basic elements of normative bodily functioning, 
such as energy and activity levels [1, 2]. Conventional wis-
dom suggests that frequent Cannabis use results in de-
creased behavioral activity, goal pursuit, and competi-
tiveness or what has been commonly referred to as “amo-
tivational syndrome” [3–5]. However, feeling fatigued is 
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also a core feature of many types of illnesses, and several 
studies have shown that people with chronic pain, cancer, 
Parkinson’s disease, and multiple sclerosis experienced 
increased energy levels once given the legal ability to pur-
chase and consume medical Cannabis and after substitut-
ing Cannabis for other classes of pharmaceutical medica-
tions (e.g., opiates, sedatives, antidepressants) [6–9]. For 
example, in a recent study with over 1,000 cancer pa-
tients, people showed significant reductions across all 
eight of the symptom categories measured, including fa-
tigue, within 4 months of enrollment in a state-autho-
rized medical cannabis program [10]. However, these re-
sults appear to contradict findings from a recent review 
of adverse events reported by research participants in 
clinical studies, which found fatigue to be a commonly 
experienced side effect of administration [11].

Unfortunately, clinical studies in the USA have his-
torically been limited to the investigation of the effects of 
either: (a) synthetic analog medications and formulates, 
(b) isolated compounds, or (c) government-issued Can-
nabis flower that is notorious for having low potency and 
being of poor quality and hence not generalizable to the 
breadth of cannabis-based products sold in retail markets 
throughout the USA [1, 2]. With increasing legal medical 
and now recreational access and use of Cannabis through-
out the USA, particularly among older adults and patients 
with significant health conditions [12], health providers 
and consumers still have little formal guidance from the 
scientific and medical communities on how the cannabis-
based products they choose to consume may influence 
feelings of fatigue and energy levels. No study to date has 
measured how the breadth of common, commercially 
available Cannabis flower, the most widely used type of 
product, affects fatigue levels in actual time, and how la-
beled product characteristics are correlated with changes 
in feelings of fatigue and related side effects.

The current study measures for the first time which 
types of Cannabis flower characteristics among a wide 
range of common and commercially available products 
used in vivo are associated with changes in feelings of fa-
tigue in actual time. For measuring session-level Canna-
bis consumption and its effects, we used the largest data-
base of real-time effects of Cannabis usage in the USA, 
which was collected by the mobile software application 
Releaf App [13]. Measurement of the associations be-
tween the labeled characteristics and routes of adminis-
tration of commonly used Cannabis flower products 
should help guide patients and health providers seeking 
more individualized treatment options.

Methods

Study Design
This study utilizes anonymized user data collected through the 

Releaf App, a mobile software application designed to record real-
time effects from consuming cannabis for medical use. Data are 
provided through a confidentiality agreement, with Institutional 
Review Board approval from the University of New Mexico. The 
app was designed to help patients monitor the variable effects of 
cannabis-based products and records the product types, routes of 
administration, and labeled Cannabis phenotypes and cannabi-
noid contents of the products consumed. Users indicate the med-
ical conditions for which they are consuming cannabis, real-time 
symptom intensity levels prior to and following consumption, 
and any possible side effects experienced, under otherwise natu-
ralistic conditions. Prior to consuming cannabis, users are direct-
ed by the app to enter information about the product they intend 
to consume based on information provided on product labels. 
Upon starting a treatment session, the user specifies the symp-
toms to be treated, reports a starting symptom intensity level (on 
a visual analog scale from 0 to 10), consumes the cannabis prod-
uct, updates the symptom level, records side effects, and ends the 
session. The Releaf App includes 47 possible side effects (called 
“feelings” in the user interface). The user can update the symptom 
intensity level as frequently as they want and can select multiple 
side effects.

The study sample includes sessions using flower products with 
the fatigue symptom reported and with a starting fatigue intensity 
level greater than 0. We exclude from the analyses symptom levels 
updated 4 h or more after the start of the session, i.e., we use the 
last symptom level recorded within 4 h and include robustness 
checks using 1 to 3 h as the cutoff. The resulting analyzed sample 
includes 1,224 users who completed 3,922 sessions between June 
6, 2016, and August 7, 2019.

Study Outcomes
The main study outcome is the change in the user-reported 

symptom intensity level following the use of Cannabis. We mea-
sure the change in the symptom intensity level (symptom relief) as 
ending symptom level minus starting symptom level. The resulting 
symptom intensity measure ranges between −10 (maximum relief) 
and 9 (minimum relief/maximum exacerbation of symptom in-
tensity). For side effects, we characterize the 47 possible side effects 
as negative side effects (17), positive side effects (19), and context-
specific side effects (11). Context-specific side effects are those side 
effects, which cannot easily be categorized as positive or negative, 
e.g., feeling “high” or “tingly.” For regression analysis, we con-
struct measures of side effects as dummy variables indicating if the 
user reported any of the side effects in the category and continuous 
variables measuring the proportion of total side effects in each cat-
egory that the user reported.

Statistical Analysis
The effect of Cannabis use on the fatigue symptom level is first 

examined using means comparisons. Fixed-effects panel data re-
gression models are then used to analyze the effects of flower char-
acteristics on symptom relief and the onset of side effects. User-
specific fixed effects are included in all regressions to account for 
user characteristics, which do not vary over the period of observa-
tion for that user. The average cannabis patient in our study tracks 
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their symptom relief in the app for 26.6 days (90th percentile is 76 
days), meaning that important factors, such as years of cannabis 
use, diagnosis of mental health disorders, and education, are un-
likely to change during the sample period and are thus accounted 
for by the individual fixed effects. Through the inclusion of user-
specific fixed effects, the effects of flower characteristics are esti-
mated by comparing symptom relief in different sessions reported 
by the same user, rather than comparing across users. As trade-
offs exist between potency and dosing, we also include the natural 
log of the number of doses as a covariate in all our regressions. We 
use the natural log to account for outliers in our sample. The raw, 
unlogged mean of the dose variable is 8.49 (standard deviation = 
9.65) and the 99th percentile is 47. Standard errors are clustered 
at the user level to account for heteroscedasticity and arbitrary 
correlation at the user level. Analyses were conducted using Stata 
15.1.

Results

Table 1 presents descriptive statistics for the product 
characteristics (labeled plant phenotype, combustion 
method, and tetrahydrocannabinol [THC] and cannabi-
diol [CBD] potency levels), the starting and ending symp-
tom intensity levels, and the prevalence of side effects. On 
average, users reported a starting symptom intensity lev-
el of 6.08 and an ending symptom intensity level of 2.60, 
suggesting an average symptom relief of 3.48 (SD = 2.70, 
d = 1.60, p <0.001). Among users who recorded any side 
effects, 68% reported at least one negative side effect, 96% 
reported at least one positive effect, and 81% reported at 
least one context-specific side effect. The most common 
negative side effects are dry mouth (32%) and feeling fog-
gy (24%), the most common positive side effects are feel-

Table 1. Descriptive statistics

Mean SD Min Max

Panel A: labeled plant phenotype (3,511 symptom sessions, 1,118 users)
Hybrid 0.48 0.50 0 1
C. indica 0.18 0.38 0 1
C. sativa 0.35 0.48 0 1

Panel B: combustion method (3,667 symptom sessions, 1,147 users)
Joint 0.17 0.38 0 1
Pipe 0.49 0.50 0 1
Vape 0.34 0.47 0 1

Panel C: THC (1,469 symptom sessions, 517 users)
% THC 19.09 7.33 0 35
THC <10% 0.14 0.35 0 1
THC 10–19% 0.39 0.49 0 1
THC 20–35% 0.47 0.50 0 1

Panel D: CBD (901 symptom sessions, 369 users)
% CBD 5.95 7.65 0 35
CBD <1% 0.34 0.47 0 1
CBD 1–9% 0.37 0.48 0 1
CBD 10–35% 0.29 0.45 0 1

Panel E: outcome and control variables (3,922 symptom sessions, 1,224 users)
Symptom change −3.48 2.70 −10 9
Starting symptom level 6.08 2.10 1 10
Ending symptom level 2.60 2.24 0 10
Total dose 8.49 9.65 1 149

Panel F: side effects (3,247 sessions, 1,020 users)
Any negative side effect 0.68 0.47 0 1
Negative side effects, % 0.13 0.16 0 1
Any positive side effect 0.96 0.20 0 1
Positive side effects, % 0.31 0.21 0 1
Any context-specific side effect 0.81 0.39 0 1
Context-specific side effects, % 0.23 0.23 0 1

Sample includes sessions with fatigue as the symptom reported. Nineteen positive, seventeen negative, and 
eleven context-specific side effects were available for selection.
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ing relaxed (62%) and peaceful (55%), and the most com-
mon context-specific side effects are feeling high (46%) 
and tingly (32%) (online suppl. Table S1 [see www.karger.
com/doi/10.1159/000524057 for all online suppl. mate-
rial] reports the prevalence and categorization of the side 
effects and the average symptom relief in sessions in 
which that side effect was reported).

Table  2 shows the results for the effects of product 
characteristics on fatigue symptom relief. Each column 
reports results from a separate regression. Column 1 
shows the effect of the labeled plant phenotype. The “hy-
brid” plant phenotype is omitted as the base category. 
Findings suggest that symptom relief does not vary by the 
labeled plant phenotype. Column 2 suggests that vaping 
Cannabis flower is associated with less symptom relief 

than using a joint. Column 3 suggests that THC and CBD 
levels cannot explain any difference in fatigue symptom 
relief. In column 4, all product characteristics are includ-
ed in the regression. The effect of combustion method 
becomes stronger. Overall, people that used joints report-
ed the largest symptom relief, relative to users of pipes 
and vaporizers. Vaping is associated with the least symp-
tom relief. Figure 1 plots average symptom relief from 
individual fixed-effects models controlling for product 
type, combustion method, THC and CBD levels, starting 
symptom level, and individual fixed effects. The coeffi-
cients for the other product characteristics remain gener-
ally insignificant except for mid-level CBD potency, 
which is weakly associated with greater symptom relief. 
Online supplementary Table S2 shows various alternative 

Outcome = symptom change 
(ending – starting symptom)

(1) (2) (3) (4)

Panel A: labeled plant phenotype, omitted category = hybrid
C. indica 0.073 – – 0.425

(0.097) – – (0.309)
C. sativa 0.034 – – 0.001

(0.076) – – (0.229)

Panel B: combustion method, omitted category = joint
Pipe – −0.040 – 0.812**

(0.129) – (0.401)
Vape – 0.292** – 1.288**

– (0.118) – (0.519)

Panel C: THC and CBD, omitted categories = THC <10% and CBD <1%
THC 10–19% – – 0.125 0.072

– – (0.254) (0.244)
THC 20–35% – – −0.049 0.022

– – (0.268) (0.269)
CBD 1–9% – – −0.278 −0.401*

– – (0.204) (0.241)
CBD 10–35% – – 0.226 0.132

– – (0.188) (0.191)
Starting symptom level −0.668*** −0.666*** −0.660*** −0.606***

(0.026) (0.026) (0.063) (0.068)
Log dose −0.206*** −0.227*** −0.199 −0.171

(0.067) (0.067) (0.157) (0.171)
Constant 0.902*** 0.853*** 1.030** −0.257

(0.211) (0.203) (0.522) (0.726)
Sessions, n 3,493 3,647 724 632
R2 0.286 0.289 0.270 0.257
Users, n 1,113 1,141 311 270

All regressions are estimated using a fixed-effects model. C. indica and C. sativa are 
relative to hybrid, THC categories are relative to THC between 0 and 9%, CBD categories are 
relative to 0% CBD, and pipe and vape are relative to joint. Standard errors, clustered at the 
individual user level, are shown in parentheses. *** p < 0.01. ** p < 0.05. * p < 0.10.

Table 2. Effects of flower characteristics on 
symptom relief
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modeling specifications: THC and CBD levels coded as 
continuous variables, maximum symptom relief used as 
the outcome variable (lowest recorded symptom level 
within 4 h, rather than last, minus starting symptom lev-
el), and samples restricted by using the last symptom lev-
el recorded within 1–3 h, instead of 4 h. Sample sizes are 
smaller because some individuals who update their symp-
tom level within 4 h do not update their symptom level 
within 1–3 h. Findings confirm that the combustion 
method is the only significant independent predictor of 
fatigue symptom relief. Vaporizers and pipes are simi-
larly inferior to joints for one-hour symptom relief, but 
vaporizers appear to become less effective relative to pipes 
over a more extended period, i.e., vaporizers may offer the 
least sustained effect on relief from fatigue symptoms.

Table 3 presents regressions of side effects on product 
characteristics. Use of products labeled as “C. indica” is 
associated with more reporting of negative side effects 
and may increase context-specific side effects. C. sativa 
is weakly associated with increased reporting of positive 
side effects. Higher THC levels are weakly associated 
with increased reporting of context-specific side effects, 
but do not affect the reporting of negative or positive side 
effects. Higher CBD levels are associated with decreased 

reporting of negative and possibly context-specific side 
effects.

Descriptive characteristics of users are shown in on-
line supplementary Table S3. Approximately 72% of ses-
sions in the analyzed sample have user characteristics in-
formation reported. Male users experienced greater 
symptom relief compared to female users. Symptom re-
lief does not seem to differ by user age and user experi-
ence. Table 4 compares the effect of flower characteristics 
on symptom relief by user characteristics. Similar to the 
full sample analysis, subsample analyses by gender, age, 
and self-reported experience with Cannabis show that 
using joints is associated with greater symptom relief in 
all subgroups except for male and experienced users, al-
though the coefficient on vaporizer is generally larger 
and more statistically significant than the coefficient for 
pipe. Use of products labeled as “C. indica” is weakly as-
sociated with less symptom relief among users aged 40 
years and younger. THC levels are not significant predic-
tors of fatigue symptom relief for any subgroups except 
for users who are not experienced with Cannabis. For 
these users, higher levels of THC are associated with less 
symptom relief. Individuals under 40 years experienced 
increased symptom relief with CBD levels between 1 and 

Fig. 1. Adjusted fatigue relief refers to the covariate-adjusted change in symptom severity, obtained from a fixed-
effects model controlling for subspecies, combustion method, THC and CBD categories, log of dose, and starting 
symptom level.
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9%, while the results suggest a similar, less statistically 
significant relationship for females. CBD levels between 
10 and 35% are associated with less symptom relief 
among users aged 40 years and above and users who are 
not experienced.

Throughout the regressions, higher starting symptom 
levels are consistently associated with greater symptom 
relief, but have no effect on side-effect reporting. The nat-
ural log of dose is associated with greater symptom relief 
only in regressions that do not control for THC and CBD. 
Once we control for potency, the effect of dose becomes 
much weaker and generally statistically insignificant. 

Higher doses are associated with greater reporting of pos-
itive and context-specific side effects, but are not associ-
ated with differential negative side-effect reporting.

Discussion

By measuring how common and commercially avail-
able Cannabis flower products affect momentary fatigue 
levels, we provide a significant, initial contribution to the 
scientific literature on normative ethological effects of 
Cannabis consumption. Using the largest database of re-

Table 3. Effects of flower characteristics on side effects

(1) (2) (3) (4) (5) (6)
negative negative, % positive positive, % context-specific context-specific, %

C. indica 0.117 0.043** −0.005 −0.043 0.077 0.058**
(0.089) (0.018) (0.020) (0.028) (0.067) (0.026)

C. sativa −0.046 −0.006 0.001 0.032* 0.048 0.025
(0.063) (0.015) (0.023) (0.019) (0.061) (0.022)

Pipe −0.166 −0.024 0.023 −0.037 0.141 −0.007
(0.162) (0.033) (0.020) (0.024) (0.136) (0.050)

Vape −0.169 −0.057 −0.023 −0.068 0.083 −0.066
(0.169) (0.040) (0.020) (0.044) (0.135) (0.063)

THC 10–19% 0.019 −0.007 0.006 0.027 0.112 0.060**
(0.095) (0.015) (0.023) (0.034) (0.080) (0.027)

THC 20–35% 0.012 0.004 −0.005 0.033 0.085 0.046*
(0.119) (0.017) (0.023) (0.029) (0.064) (0.025)

CBD 1–9% −0.082 0.012 −0.022 0.005 −0.083* 0.004
(0.084) (0.018) (0.029) (0.031) (0.045) (0.023)

CBD 10–35% −0.225*** −0.007 −0.023 −0.014 −0.096 −0.026
(0.079) (0.013) (0.016) (0.023) (0.066) (0.021)

Starting symptom level 0.018 0.002 −0.002 0.002 −0.010 0.000
(0.021) (0.005) (0.006) (0.006) (0.012) (0.005)

Log dose 0.086 0.008 0.035 0.025** 0.051* 0.037***
(0.053) (0.011) (0.025) (0.013) (0.030) (0.013)

Constant 0.632*** 0.096** 0.927*** 0.238*** 0.635*** 0.103*
(0.181) (0.044) (0.068) (0.049) (0.140) (0.061)

Observations 543 543 543 543 543 543

R2 0.055 0.049 0.016 0.065 0.030 0.079

Users, N 231 231 231 231 231 231

All regressions are estimated using a fixed-effects model. C. indica and C. sativa are relative to hybrid, THC 
categories are relative to THC between 0 and 9%, CBD categories are relative to 0% CBD, and pipe and vape are 
relative to joint. Standard errors, clustered at the individual user level, are shown in parentheses. *** p < 0.01. ** p 
< 0.05. * p < 0.10.
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al-time effects of Cannabis usage in the USA, we found 
that combusting whole, dried Cannabis flower has a gen-
erally fast-acting and energetic effect for the majority of 
people that have symptoms of fatigue. While some user 
sessions resulted in increased fatigue or fatigue-related 
side-effect experiences, the vast majority of people (about 
92%) reported an overall decrease in their perceived fa-
tigue intensity levels, averaging roughly 3.5 points on a 
standard 0–10 visual analog scale. Overall, higher CBD 
levels were inversely associated with the reporting of neg-
ative side effects, and males, older patients, and more ex-
perienced users reported the greatest symptom relief. 
These findings highlight the need for more fine-grained 
analyses of how phytochemical consumption may inter-

act with the user’s endocrine, metabolic, cardiovascular, 
and other (e.g., musculoskeletal) bodily systems to pro-
duce variable visceral and physiological effects.

The consistent finding that vaporization of Cannabis 
flower resulted in worse outcomes than joints, particularly 
for more sustained symptom relief over a longer period, sug-
gests that the temperature at which the phytochemicals com-
bust may affect changes in fatigue. Both pipes and vaporizers 
generally provide less relief from fatigue, perhaps also related 
to dosage and the relatively easier task of inhaling repeatedly 
on a burning joint versus relighting a pipe or using a vapor-
izer. In the overall sample and for all subgroups except inex-
perienced users, THC, CBD, and labeled plant phenotypes 
(e.g., “C. sativa” vs. “C. sativa”) were not independent predic-

Table 4. Effects of flower characteristics on symptom relief: by user characteristics

Male Female Age < = 40 years Age >40 years Experienced Not experienced

C. indica 0.217 0.779 1.234* −0.433 −0.006 1.016
(0.503) (0.646) (0.629) (0.305) (0.263) (0.617)

C. sativa −0.119 0.113 −0.177 0.283 0.334 0.147
(0.424) (0.380) (0.428) (0.340) (0.335) (0.392)

Pipe 0.709 1.132** 1.582*** 1.065** 0.930 0.726
(0.720) (0.457) (0.415) (0.433) (0.728) (0.536)

Vape 1.449 1.837*** 2.346*** 1.427** 1.079 1.715**
(0.870) (0.570) (0.605) (0.544) (0.773) (0.672)

THC 10–19% 0.650 0.060 −0.038 0.340 0.148 0.545*
(0.664) (0.314) (0.520) (0.216) (0.576) (0.305)

THC 20–35% 0.116 0.292 −0.236 0.581 −0.447 1.056**
(0.766) (0.353) (0.391) (0.427) (0.605) (0.407)

CBD 1–9% −0.260 −0.522* −0.847** −0.308 −0.319 −0.307
(0.427) (0.313) (0.420) (0.207) (0.483) (0.284)

CBD 10–35% −0.748 0.111 0.049 0.286* −0.236 0.707***
(0.574) (0.228) (0.353) (0.145) (0.506) (0.182)

Starting symptom level −0.758*** −0.465*** −0.634*** −0.470*** −0.660*** −0.510***
(0.091) (0.102) (0.086) (0.105) (0.064) (0.130)

Log dose −0.562* 0.062 −0.361* 0.273 −0.220 0.167
(0.290) (0.211) (0.205) (0.189) (0.197) (0.268)

Constant 1.006 −1.894* −0.283 −2.430** 0.311 −2.644*
(1.156) (1.069) (0.765) (1.084) (0.901) (1.399)

Observations 175 278 263 173 251 207

R2 0.376 0.248 0.387 0.195 0.391 0.247

Users, N 77 91 111 52 95 76

All regressions are estimated using a fixed-effects model. C. indica and C. sativa are relative to hybrid, THC categories are relative to THC 
between 0 and 9%, CBD categories are relative to 0% CBD, and pipe and vape are relative to joint. Standard errors, clustered at the individual 
user level, are shown in parentheses. *** p < 0.01. ** p < 0.05. * p < 0.1.
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tors of symptom relief, suggesting that other cannabinoids 
and noncannabinoid chemical constituents, such as terpenes 
and terpenoids, may affect the perception of mental and 
physical fatigue or the relationship between THC, CBD, and 
fatigue. Terpenes and terpenoids that are present in concen-
trations above 0.05% are of pharmacological interest [14], 
and terpenes such as alpha-pinene and D-limonene are high-
ly bioavailable; the bioavailability of alpha-pinene is about 
60% and that of D-limonene is about 70% [15–17]. Because 
of their lipophilicity and small molecular size, many terpenes 
and terpenoids are thought to cross the blood-brain barrier 
with relative ease [18].

The bicyclic monoterpene, alpha-pinene, and the cyclic 
monoterpene, D-limonene, are the most and the second 
most widely abundant terpenes, respectively, found in na-
ture [16, 19, 20]. For example, in Salvia lavandulifolia, the 
concentration of alpha-pinene has recently been reported 
to be approximately 4.8–5.5%, and D-limonene was report-
ed to be approximately 2.8–4.4% [21]. Researchers measur-
ing the effects of essential oil derived from S. lavandulifolia 
have observed attenuation of mental fatigue during task 
performance as well as higher subjective ratings of alertness 
during a 4-h Cognitive Demand Battery assessment, likely 
in part due to the ability of alpha-pinene and D-limonene 
to inhibit acetylcholinesterase (AChE) [22]. Similar cogni-
tive and attentional improvements have been observed in 
other studies using extracts of sage with less potent AChE-
inhibiting properties [23–25].

Additional terpenes and terpenoids that can be found 
at therapeutic levels in the Cannabis plant, including pu-
legone, 1,8-cineole (eucalyptol), alpha-terpineol, terpin-
en-4-ol, and p-cymene, also demonstrate AChE inhibi-
tion [23, 26]. Among these, eucalyptol has been observed 
to have the strongest AChE inhibitory effects, followed by 
alpha-pinene and terpinen-4-ol [21]. Other research 
measuring AChE and butyrylcholinesterase activity in es-
sential oils from three different species of pine (P. held-
reichii subsp.) found that leucodermis is also a potent in-
hibitor of AChE and butyrylcholinesterase [27]. Synergis-
tic therapeutic effects have been observed, suggesting that 
essential oils derived from whole plants such as sage dem-
onstrate stronger effects than their individual constitu-
ents alone [18]. This synergy or molecular symphony is 
often referred to as the “entourage effect” that is com-
monly reported in full-spectrum cannabis products (i.e., 
whole dried flower), and which is absent when individual 
constituents (e.g., cannabinoids, terpenoids, flavonoids, 
and other phytochemicals) are evaluated in isolation.

While the mobile software technology used for collect-
ing real-time, individual-level recordings of Cannabis’ ef-

fects provides a partial solution to the challenge of mea-
suring the pharmacodynamics and other experienced ef-
fects of consuming the breadth of commercially available 
cannabis products sold at medical and recreational dis-
pensaries and black market dealers, the current study 
does have important limitations. The primary drawback 
is the lack of a comparison group, such as people that did 
not use Cannabis to treat fatigue or Cannabis consumed 
independent of using the app. People who treat symp-
toms of fatigue with Cannabis or have failed to adequate-
ly benefit from alternative treatment options may be par-
ticularly more likely to report benefits from Cannabis. 
The potential bias from app use is less clear and may be 
affected by knowledge and feelings about the Releaf App 
or technological app use in general, and/or due to attri-
tion from either dissatisfaction with cannabis or the app 
or to satisfaction with existing cannabis use and no fur-
ther need to explore product options. Although our study 
used the largest sample of real-time assessments of Can-
nabis’ effects on fatigue to date, we did not include the 
many phytochemicals in the Cannabis plant, nonflower 
cannabis products, or individual factors that vary over 
time, such as concomitant use of other substances (e.g., 
nicotine, alcohol, caffeine, and prescription drugs), which 
likely influences cannabis users’ experiences. Our results 
that high levels of THC and CBD decrease symptom relief 
among less experienced users suggest that tolerance may 
play a role and that the mantra “start low, go slow” may 
be good advice for users new to medical Cannabis.

Despite these limitations, the current study shows that 
whole natural Cannabis flower has fast-acting and ener-
getic effects for the majority of users who use it for treat-
ing fatigue. However, novice users generally should avoid 
high levels of THC, and perhaps high levels of CBD, al-
though the latter should be weighed against the apparent 
ability of higher levels of CBD to reduce the probability 
of reporting a negative side effect. Future research would 
benefit from investigating real-time effects of Cannabis 
usage on behavioral and mental fatigue under altered 
bodily states and how different phytochemicals in the 
Cannabis plant aggregate and/or interact in its mental 
and physical effects in healthy people and clinical popula-
tions.
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