
Special Series:
Medical Cannabis in Palliative Care

Benefit of Tetrahydrocannabinol versus Cannabidiol
for Common Palliative Care Symptoms

David J. Casarett, MD, MA,1 Jessica N. Beliveau, MPH,1 and Michelle S. Arbus, MBA2

Abstract

Objectives: To determine the relative contributions of tetrahydrocannabinol (THC) and cannabidiol (CBD) to
patients’ self-ratings of efficacy for common palliative care symptoms.
Design: This is an electronic record-based retrospective cohort study. Model development used logistic re-
gression with bootstrapped confidence intervals (CIs), with standard errors clustered to account for multiple
observations by each patient.
Setting: This is a national Canadian patient portal.
Participants: A total of 2,431 patients participated.
Main Outcome Measures: Self-ratings of efficacy of cannabis, defined as a three-point reduction in neuropathic
pain, anorexia, anxiety symptoms, depressive symptoms, insomnia, and post-traumatic flashbacks.
Results: We included 26,150 observations between October 1, 2017 and November 28, 2018. Of the six symptoms,
response was associated with increased THC:CBD ratio for neuropathic pain (odds ratio [OR]: 3.58; 95% CI: 1.32–
9.68; p = 0.012), insomnia (OR: 2.93; 95% CI: 1.75–4.91; p < 0.001), and depressive symptoms (OR: 1.63; 95% CI:
1.07–2.49; p = 0.022). Increased THC:CBD ratio was not associated with a greater response of post-traumatic stress
disorder (PTSD)-related flashbacks (OR: 1.43; 95% CI: 0.60–3.41; p = 0.415) or anorexia (OR: 1.61; 95% CI: 0.70–
3.73; p = 0.265). The response for anxiety symptoms was not significant (OR: 1.13; 95% CI: 0.77–1.64; p = 0.53),
but showed an inverted U-shaped curve, with maximal benefit at a 1:1 ratio (50% THC).
Conclusions: These preliminary results offer a unique view of real-world medical cannabis use and identify
several areas for future research.
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Introduction

The past 10 years have seen growing enthusiasm for
medical cannabis in the United States, Canada, and

in Europe, especially among patients with serious life-
threatening conditions.1,2 That enthusiasm has been coupled
with growing evidence to support the benefits for medical
cannabis for a variety of symptoms. Recent reviews and
meta-analyses have pointed to benefits for pain, nausea, an-
orexia, spasticity, and several other symptoms.3–8

However, there is inadequate evidence to guide clinicians
and patients in choosing the optimal ratio of the two most
common cannabinoids, tetrahydrocannabinol (THC) and
cannabidiol (CBD). These molecules have different recep-
tors, physiological effects, and potential medical benefits. In

particular, THC is associated with psychoactive effects such
as euphoria, anxiety symptoms, paranoia, and hallucinations,
whereas CBD is not.

Data that define the relative contributions of THC and
CBD to symptom management could be very useful in sug-
gesting an optimal ratio for a given symptom. Specifically,
such data could help patients and clinicians to identify those
symptoms for which THC offers the greatest contribution.
That, in turn, would make it possible to use higher THC:CBD
ratios only for those symptoms that are most THC responsive,
avoiding unnecessary toxicity.

Ideally, optimal THC:CBD ratios would be defined in
randomized controlled trials that evaluate effectiveness and
toxicity of a range of ratios. However, such studies are dif-
ficult, time consuming, and expensive, particularly because
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in the United States cannabis is a schedule I substance.
Therefore, the goal of this retrospective cohort study was to
use patient reports to explore the optimal percentage of THC
on the impact of common palliative care symptoms, and to
gather preliminary data that can guide the design of future
randomized controlled trials.

Methods

Setting and sample

Data were sourced from the Strainprint� mobile app,
which is a medical outcomes tracker providing medical
cannabis users a means of tracking changes in symptoms as a
function of different doses and types of cannabis. Strainprint
allows patients to record and visualize their own cannabis
use, including the symptom they are treating, strain name,
licensed producer, dose, method of ingestion against pre-
populated lab-verified products. The app provides patients
with a summary of their own history, as well as recommen-
dations based on the experiences of patients with the same
symptoms. Strainprint uses a system of redeemable loyalty
rewards to attract and retain a community of engaged pa-
tients, and to encourage participation. The system is moni-
tored in real time with machine learning and artificial
intelligence to monitor, prevent, and cleanse points gaming.

Patients open the app before cannabis use and use a drop-
down menu to select the symptom they wish to treat. They are
prompted to record their symptom severity on an 11-point
numeric rating scale (0–10). Next, patients are asked to select
the cannabis product they are using, route of administration,
and dose. Finally, after use, patients are prompted to com-
plete a second severity rating.

Data elements for this study were defined a priori and then
extracted from the Strainprint database, stripped of identifiers
to create a Health Insurance Portability and Accountability
Act (HIPAA)-compliant limited dataset before transfer to
Duke University for analysis.

We restricted the sample to instances of use for six symp-
toms: neuropathic pain, insomnia, anxiety symptoms, depres-
sive symptoms, anorexia, and post-traumatic stress disorder
(PTSD)-related flashbacks. If a patient also used cannabis for
other symptoms, we included only their effectiveness ratings
for the six symptoms mentioned. When patients used cannabis
for more than one symptom at a time, they provided pre- and
postratings for each.

We restricted the sample to only those products whose
content was verified by laboratory testing. We also limited
the sample to uses that were at least one hour apart to avoid
inadvertent duplicated entries, and contamination of one ef-
fectiveness rating by another use. Finally, we restricted the
sample to vaporizers only. Vaporizers are designed to deliver
a standardized dose, unlike smoking, which can be influenced
by rolling characteristics and user technique. Similarly, other
routes of administration (e.g., oral and submucosal) are sub-
ject to variable delays in absorption and differences in me-
tabolism, which would make comparisons challenging.

Data analysis

First, we generated descriptive statistics to define unique
patients, use patterns, timing, and reason for use. Next, we
calculated the percentage THC in each product by dividing

the THC content by the sum of THC and CBD content. This is
not the true percentage THC by weight, but rather an ex-
pression of the THC:CBD ratio, expressed on a 0–100 scale.
For example, a concentration that included 10% THC content
would include 90% CBD content. We did not include other
cannabinoids such as cannabinol, but those compounds are
present in small amounts (generally <1% total) in most products.

We defined effectiveness as at least a three-point pre/post
difference on patients’ ratings of symptom severity before
and after use. Although this threshold is arguably arbitrary,
it has been used in other studies of the role of cannabis in
managing symptoms, and especially pain.9,10 In this sample,
a three-point difference corresponds to *1.5 standardized
difference (1½ standard deviations) for the symptoms de-
scribed here. We used case-wise deletion of uses when one or
more data elements were missing.

For each symptom, we created a logistic regression model in
which symptom reduction of at least three points was the out-
come of interest. Each regression model included age, gender,
and number of inhalations in each use. Models were clustered
by user id to account for multiple uses per individual. For each
model of the association of THC concentration and outcome,
we calculated an odds ratio (OR) as a measure of effect size.
Finally, we used the same models to calculate effectiveness (at
least a 3-point decrease), adjusted for model covariates and
stratified by THC percentage in 10-point increments.

This study was determined to be exempt by the Duke
University Institutional Review Board. Stata statistical soft-
ware (Stata MP2 11.0 for Mac; Stata Co, College Station,
TX) was used for all statistical analysis.

Results

Between October 1, 2017 and November 28, 2018, patients
submitted a total of 895,512 uses. Of these, 659,561 (73.6%)
uses were laboratory verified, and 308,878 of these were at
least one hour apart. Of these, 107,999 uses were for a
vaporizer. Finally, we restricted the sample to those with
complete data (99,776) and then to at least one of the six
selected symptoms (n = 2431 patients; 26,180 observations).
The characteristics of the sample are described in Table 1.

Preuse symptom severity varied from 5.90 (depressive
symptoms) to 7.19 (insomnia) and postuse severity ranged
from 2.21 (anxiety symptoms) to 3.45 (neuropathic pain).
The smallest reductions were seen for neuropathic pain
(42.2% had at least a three-point reduction) and the largest for
PTSD-related flashbacks (78.1%) (Table 1). Across symp-
toms, THC percentage ranged from 70.5% (neuropathic pain)
to 94.9% (insomnia), and ranged from *0% to 100%.

Responses to vaporized cannabis, adjusted for THC:CBD
ratio, dose, age, and gender, varied widely. The lowest ad-
justed effectiveness ratings were seen with neuropathic pain
(47.0%; 95% confidence interval [CI]: 35.3–59.0) and de-
pressive symptoms (61.4%, 95% CI: 56.0–66.5). Effective-
ness for anxiety symptoms was slightly higher (66.0%, 95%
CI: 60.6–71.0). The highest ratings of effectiveness were for
anorexia (78.0%; 95% CI: 68.7–85.2), PTSD-related flash-
backs (78.6%; 95% CI: 65.0–88.0), and insomnia (70.9%,
95% CI: 67.4–74.1).

Next, we evaluated each symptom separately and exam-
ined the association between THC:CBD ratio (expressed as
percentage THC) and a three-point symptom improvement,
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adjusting for age, gender, and dose (Table 2). Several symp-
toms were very sensitive to increasing THC:CBD ratios. For
instance, response increased with increasing THC:CBD ratio
for neuropathic pain (OR: 3.58; 95% CI: 1.32–9.68; p = 0.012)
and insomnia (OR: 2.93; 95% CI: 1.75–4.91; p < 0.001). There
was a smaller positive association for depressive symptoms
(OR: 1.63; 95% CI: 1.07–2.49; p = 0.022).

In contrast, response to PTSD-related flashbacks was not
associated with increasing THC:CBD ratio (OR: 1.43; 95%
CI: 0.60–3.41; p = 0.415). Similarly, there was no association
between ratio and response for anorexia (OR: 1.61; 95% CI:
0.70–3.73; p = 0.265) or for anxiety symptoms (OR: 1.13;
95% CI: 0.77–1.64; p = 0.53).

Finally, we used each logistic regression model to adjust
the proportion of patients who reported a three-point im-
provement for age, gender, and dose. We grouped THC:CBD
ratios in 10 categories, corresponding to the percentage of
THC (0–100). These results are displayed in Figure 1.

We looked first at the three symptoms for which an in-
creasing THC:CBD ratio was significantly associated with
response (neuropathic pain, insomnia, and depressive symp-
toms). Of these, the largest relative increase was seen for
neuropathic pain (from 19.3% to 51.3%), a greater than
twofold change. There were substantial increases for in-
somnia as well (from 43.3% to 72.3%). The increases for
depressive symptoms were more modest, but linear (from
49.4% to 63.1%).

For anxiety symptoms, there was an inverted U-shaped
curve that demonstrated increasing response up to a 1:1 ratio

(72.0%), and then a decreasing response. For PTSD-related
flashbacks, there was a small increase in responses (adjusted
proportions 69.0% to 79.3%). There was a larger absolute
increase for anorexia (55.8% to 78.8%) but, as for PTSD-
related flashbacks and anxiety symptoms, this increase was
not statistically significant.

Discussion

Enthusiasm for medical cannabis is rapidly outstripping
the evidence to support its use. Randomized controlled trials
are needed to provide guidance to patients, clinicians, and
policy makers. However, in the meantime, these results offer
useful preliminary guidance for the use for medical cannabis,
and can suggest directions for future research. There are four
results in particular that may be clinically useful and which
should prompt future research.

First, these results underscore the importance of the
THC:CBD ratio as an important attribute that patients and cli-
nicians should consider in treatment decisions. This is partic-
ularly true for neuropathic pain, insomnia, and depressive
symptoms, for which this ratio seems to explain considerable
variance in perceived effectiveness. For neuropathic pain in
particular, an increase in THC:CBD ratio over the full range
(0–100%) more than doubled perceptions of effectiveness.

Second, some symptoms may not be as responsive to in-
creases in the THC:CBD ratio. For PTSD-related flashbacks
and anorexia, although adjusted proportions showed a trend
toward an increase, this trend was not significant. Indeed, the
evidence to support the use of cannabis for PTSD-related
symptoms is still very sparse,11 although several clinical trials
are underway.

And for anxiety symptoms, increases above a ratio of 1:1
were associated with reduced effectiveness. This inverted U-
shaped curve seen for anxiety symptoms is not surprising.
One well-recognized side effect of THC is anxiety symp-
toms, sometimes accompanied by paranoia. So it is reason-
able that even if THC offers some symptom relief, higher
ratios may have the opposite effect.

Two other results are more surprising and warrant further
exploration. First, the finding that increasing THC:CBD ra-
tios are associated with greater effectiveness for neuropathic
pain is unexpected. There is increasing evidence that CBD
offers benefits in the treatment of neuropathic pain, and some
suggestion that CBD-only formulations may be effective.9,12–17

And yet these results indicate a strong effect of increasing

Table 1. Patient Characteristics

Symptom n
Gender;

male n (%)
Age mean

(range)
Number

uses
Preuse
severity

Postuse
severity

Improvement
(%) % THC

Neuropathic pain 304 111 (36.6) 39 (18–86) 3391 6.14 3.45 42 71% (3–100%)
Anorexia 289 123 (42.9) 30 (18–69) 1664 6.43 2.28 77 94% (3–100%)
PTSD-related

flashbacks
148 58 (39.7) 36 (18–78) 1144 6.02 2.23 78 91% (3–100%)

Insomnia 869 375 (43.2) 34 (18–76) 4613 7.19 3.18 71 95% (0–100%)
Anxiety

symptoms
1086 466 (43.0) 33 (18–82) 9340 5.85 2.21 66 84% (1–100%)

Depressive
symptoms

775 338 (43.7) 33 (18–78) 6028 5.90 2.70 61 90% (0–100%)

PTSD, post-traumatic stress disorder; THC, tetrahydrocannabinol.

Table 2. Associations between

Tetrahydrocannabinol Concentration

(Tetrahydrocannabinol/

Tetrahydrocannabinol+Cannabidiol)

and Response (Three-Point Improvement)

Symptom
Odds ratio
(95% CI) 95% CI p

Neuropathic pain 3.58 1.33–9.68 0.012
Anorexia 1.61 0.70–3.73 0.265
PTSD-related flashbacks 1.43 0.60–3.41 0.415
Insomnia 2.93 1.75–4.91 0.000
Anxiety symptoms 1.13 0.77–1.64 0.532
Depressive symptoms 1.63 1.07–2.47 0.022

CI, confidence interval.
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THC:CBD ratio, in a linear manner. It is also noteworthy that
the overall improvement rate noted here for neuropathic pain
(47%) is higher than that reported in a recent meta-analysis
(20%).18 Further research is needed to explore the observed
differences between these findings in a real-world population
and the previous literature.

Second, these results did not indicate that a higher
THC:CBD ratio is associated with greater effectiveness in the
treatment of anorexia. This is also unexpected, because much
of the evidence for the use of cannabis for this symptom
comes from studies of either THC-dominant cannabis strains
or synthetic THC (dronabinol).19–21 Those studies are gen-
erally consistent in demonstrating modest effectiveness.
Therefore, the results reported here suggest that CBD may
also have a role to play in the treatment of anorexia.

Although this study offers some surprises and can make
valuable suggestions for future research, there are three limi-
tations that should be considered in interpreting the results re-
ported here. First, this study relied entirely on patients’ reports
of their own symptoms. We cannot establish, for instance, that
these patients actually suffered from clinically diagnosed de-
pression or neuropathic pain. Although this is a significant
limitation, it is a limitation that would be expected to introduce
noise into potential associations of interest. That is, errors in
diagnostic classification would tend to reduce the ability to
detect differences in the association between THC:CBD ratio
and perceived effectiveness across symptoms. The net effect of
diagnostic misclassification would be to produce underesti-
mates of relationships. Therefore, although this study may
have failed to detect real associations (e.g., for anorexia or
depressive symptoms), one can still be confident that the
associations that were identified are genuine.

Second, in this study we had access to very little additional
data about patients. For instance, we are unable to determine
the etiology for a patient’s report of neuropathic pain or an-
orexia. Even the presence of diagnosis data cannot be used to
ascribe etiology with any certainty. Nor could we use addi-
tional data such as body mass, functional status, or other
medications that may be associated with responsiveness to
cannabinoids. These and other limitations could be remedied
by future registry studies that link to electronic health records.

Finally, it is important to note that this study may overes-
timate THC’s value because of the placebo effect. Because

THC has psychoactive effects, it is easy for patients to be cued
by the sensation of euphoria to expect benefits. This limitation
is not specific to this sort of observational study, of course. In
fact, it is a broad concern about all clinical studies of THC-
containing cannabis, which makes true blinding impossible.22

Although these limitations are important, this observa-
tional study provides important and novel evidence that this
approach can offer important insights into use patterns and
perceptions of effectiveness. By leveraging large number of
patients, using cannabis in their daily routines, large-scale
registry studies can provide valuable real-world data. Al-
though such studies cannot replace randomized controlled
trials, they can—and should—be an essential part of the grow-
ing science of medical cannabis.
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