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a b s t r a c t 

The landscape of medical cannabis has evolved dramatically over the past few decades. Once stigmatized and 
illegal in most parts of the world, cannabis is now recognized for its potential therapeutic benefits, supported 
by an expanding body of scientific research. However, the transition from prohibition to medical recognition is 
shaped by complex interactions among scientific advancements, public perception and regulatory frameworks 
for its legalization. This review examines the recent breakthroughs in medical cannabis research, explores the 
shifting public perceptions and the stigma associated with its use and discusses strategies for enhancing the safety 
of medical cannabis. We also synthesize the connections between scientific research, public perception and safety 
considerations in the uses of medical cannabis, providing a comprehensive understanding of how these elements 
influence each other and shape the future of medical cannabis use for patient adherence. 
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. Introduction 

Tetrahydrocannabinol (THC) and cannabidiol (CBD) are the most
ecognized components of cannabis, but the plant contains over 500 dis-
inct compounds, including more than 80 naturally occurring cannabi-
oids. 1 “Medical cannabis ” refers to the therapeutic use of cannabis and
ts derivatives to alleviate symptoms of various medical conditions. 2 Un-
ike recreational cannabis, medical cannabis is prescribed by healthcare
roviders to treat specific ailments or symptoms, such as chronic pain, 3 

articularly when other treatments are ineffective in certain conditions
ike arthritis, fibromyalgia, and multiple sclerosis. Among all phyto-
annabinoids in Cannabis, THC and CBD being extensively researched.
HC is the psychoactive component of cannabis that produces a “high ”
nd is used medically to relieve pain, reduce nausea, and increase ap-
etite, 4 especially in patients undergoing chemotherapy or living with
onditions like AIDS. 5 , 6 On the other hand, CBD is non-psychoactive
nd is known for its anti-inflammatory, anti-anxiety, and pain-relieving
roperties, commonly used to treat conditions like epilepsy, anxiety dis-
rders, chronic pain, and inflammation. 7 , 8 Notably, Epidiolex, a CBD-
ased medication, has been approved to treat severe forms of epilepsy
ike Dravet syndrome 9 and Lennox-Gastaut syndrome. 10 

The legal status of medical cannabis varies across countries and re-
ions. In some places, it is fully legal and regulated, while in others, it
s restricted or not permitted at all. Where legal, patients typically need
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 prescription from a healthcare provider to obtain medical cannabis
rom licensed dispensaries. Despite its increasing acceptance and use
orldwide, medical cannabis remains a complex and evolving field,
ith ongoing research into its safety and effectiveness. Public percep-

ion is shaped by historical, cultural, and legal factors, contributing to
he stigma associated with its use. This stigma is shaped by societal at-
itudes, misconceptions, and varying degrees of acceptance within dif-
erent medical communities 11 , 12 and it creates significant barriers to
he widespread acceptance and integration of cannabis into mainstream
edical practice, impacting both patient experiences and treatment out-

omes. 
In this review, we aim to explore the connections between scientific

esearch, public perception, and safety considerations in the context of
edical cannabis. We trace the history of ancient use to current prac-

ices, examine how public attitudes and stigma have evolved, and dis-
uss the implications for patient care. Finally, we explained the steps
eeded to ensure that cannabis becomes a safer and more accepted op-
ion for medical treatment. 

. Evolution of medical cannabis use 

The use of cannabis for medicinal purposes has a rich and complex
istory that spans thousands of years and diverse cultures. From an-
ient herbal remedies to modern pharmaceuticals, cannabis has long
ju, 54896, Republic of Korea. 
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Fig. 1. (a) The journey of medical cannabis from ancient herbal remedies to modern pharmaceutical applications. (b) Key milestones, including early documentation, 
major research breakthroughs, and legislative changes, highlight the significant developments in the understanding and utilization of cannabis for medical purposes. 
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een valued for its therapeutic properties. 13 The use of cannabis in
edicine can be traced to Fig. 1 (a). The earliest recorded use of

annabis in medicine dates back to ancient China, where it was men-
ioned in the “Pen Ts’ao Ching, ” attributed to Emperor Shen Nong
round 2737 BCE. 14 , 15 In medieval times, Islamic scholars, like Avi-
enna, recognized the medicinal benefits of cannabis, incorporating it
nto treatments for pain and inflammation as described in his “Canon
f Medicine ” in 1025 CE. 16 The modern era of medical cannabis be-
2

an in the 19th century, when Western medicine started to acknowl-
dge its therapeutic potential. By the late 1800s, cannabis was widely
sed in the United States and included in the U.S. Pharmacopoeia, pre-
cribed for conditions like migraines, menstrual cramps, and sleep dis-
rders. 17 However, its use declined throughout much of the 20th cen-
ury due to legal restrictions. The reappearance of interest in medical
annabis in the 1990s, particularly with California’s legalization of med-
cal cannabis in 1996 under Proposition 215, 18 marked the beginning



M.K. Hossain and H.J. Chae Integrative Medicine Research 13 (2024) 101094

Fig. 2. Therapeutic Potential of Minor Cannabinoids: The figure illustrates the potential of minor cannabinoids as promising therapeutic interventions for a range of 
diseases. Various cannabinoids, such as cannabichromene (CBC), cannabinol (CBN), cannabicyclol (CBL), cannabivarin (CBV), cannabigerol (CBG), cannabidivarin 
(CBDV), tetrahydrocannabivarin (THCV) and are depicted as emerging candidates for treating certain medical conditions. 
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f a new era. The discovery of the endocannabinoid system 

19–21 fur-
her expanded the scientific research, leading to a growing acceptance
f cannabis as a legitimate treatment option. Today, supported by an
xpanding body of scientific evidence, policy making for its legalization
nd market growth of medical cannabis mostly THC and CBD, and partly
ome minor cannabinoids (shown in Fig. 2 ), is also increasingly recog-
ized for its potential to treat a variety of conditions which is shown
n Fig. 1 (b) . 

In recent years, the use of cannabis for medicinal purposes has gained
cceptance in various countries and regions around the globe. Nations
ike the Netherlands, Canada, France, Germany, and several U.S. states
ave embraced its therapeutic potential. Take the Netherlands as an ex-
mple, where patients can access medicinal cannabis through a prescrip-
ion from any physician. The Dutch Office of Medical Cannabis (OMC)
versees the cultivation of the plant under stringent regulations, ensur-
ng both safety and consistency in the product. 22 Recently, In the Nether-
ands, patients have access to five distinct types of medical cannabis,
ach with varying levels of THC and CBD. These range from Bedrocan,
ith a high THC content of 22 % and less than 1 % CBD, to Bedrolite,
hich contains less than 1 % THC and around 9 % CBD. The OMC em-
hasizes that the right type of cannabis is determined by the patient’s
pecific medical condition. For instance, Bediol, which has a balanced
atio of 6 % THC and 8 % CBD, is frequently recommended as an initial
reatment for chronic nerve pain. According to the OMC, THC plays a
rucial role in alleviating pain, making it an essential component in the
anagement of certain conditions. 

As compassionate medicine gains momentum and public support for
egalization grows, cannabis is finally receiving the scientific attention
nd now it is likely to play an even more significant role in medicine,
ffering new hope to patients worldwide. 
3

. Medical cannabis: evaluating its legitimacy as a treatment 

ption 

Medical cannabis is now recognized as a potential treatment for
 wide range of conditions, including chronic pain, epilepsy, multiple
clerosis, 23 and chemotherapy-induced nausea and vomiting. Rapid ad-
ancements in scientific research have deepened our understanding of
he benefits and risks associated with cannabis use. The discovery of
HC led to the identification of the endocannabinoid system (ECS) in
he 1990s, which plays a crucial role in regulating pain, mood, appetite,
nd memory. 24 This discovery provided a scientific basis for the ther-
peutic effects of cannabis and reignited interest in its medical appli-
ations. The concept of Clinical Endocannabinoid Deficiency (CECD),
roposed by Dr. Ethan Russo, suggests that certain conditions, like mi-
raines, fibromyalgia, and irritable bowel syndrome, multiple sclerosis,
nd posttraumatic stress disorder may be linked to deficiencies in the
CS. 25 Research has also connected the ECS to neurodegenerative dis-
rders, like Alzheimer’s, Huntington’s, and Parkinson’s diseases, offering
ew perspectives on their origins. The approval of Sativex, a cannabis-
ased spray containing THC and CBD, in Canada in 2005 marked a sig-
ificant breakthrough in the use of cannabinoids for treating conditions
ike multiple sclerosis and certain types of pain. 26 Currently, oromucosal
pray of this medication, has been approved in several countries for the
reatment of spasticity in multiple sclerosis. 

A 2017 report, 2 from the National Academies of Sciences, Engineer-
ng, and Medicine provided strong evidence that cannabis is effective
n treating chronic pain, leading to its use as an alternative to opi-
ids in areas with high opioid addiction rates. Similarly, the Food and
rug Administration’s (FDA) approval of Epidiolex, a CBD-based drug,

n 2018 27 for treating certain types of epilepsy, such as Dravet syn-
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rome 9 and Lennox-Gastaut syndrome, 10 was another milestone in med-
cal cannabis. Some recent clinical trials have also shown that CBD can
ffectively reduce seizure frequency and manage symptoms related to
ancer and its treatments, which makes it more promising future candi-
ate in scientific community. However, a systematic review and meta-
nalysis published in Journal of the American Medical Association in
015 found that while there is moderate-quality evidence supporting
annabinoids for chronic pain and spasticity, the evidence is weaker
or other conditions like chemotherapy-induced nausea, sleep disorders,
nd Tourette syndrome. They also reported that cannabinoids were as-
ociated with a higher risk of short-term adverse effects. 28 Despite these
hallenges, ongoing research is likely to expand the role of cannabis in
edicine, offering new hope for patients with various diseases condi-

ions. 

. Advances in medical cannabis: recent scientific developments 

Recent scientific developments in preclinical and clinical use of med-
cal cannabis have significantly advanced our understanding of its ef-
ects and therapeutic potential. The discovery of cannabinoid receptors
B1 and CB2, along with their natural ligands, the endocannabinoids,
as been crucial in explaining how cannabis works in the body. 21 For
xample, CB1 receptors play a key role in regulating neuroinflammation
nd pain perception, making them important targets for treating chronic
ain and neurodegenerative diseases. As cannabis contains versatile
edicinal compounds, the “entourage effect ” refers to the enhanced

herapeutic impact that occurs when cannabinoids interact with other
annabis compounds like terpenes and flavonoids. 29 Some research sup-
orts this effect, showing that these combinations are more effective at
odulating pain and inflammation than isolated compounds. 30 

Advances in genomics and pharmacogenetics are leading to more
ersonalized medical cannabis therapies. A comprehensive study by
horpe et al. has shown that genetic differences in cannabinoid recep-
ors and metabolizing enzymes can influence how individuals respond
o cannabis, allowing for more tailored and effective treatments. 31 Addi-
ionally, research has explored the role of cannabinoids in cancer treat-
ent, with evidence suggesting that cannabinoids can enhance the ef-

ectiveness of traditional therapies and reduce side effects. For instance,
he involvement of specific pathways, such as the stress-regulated pro-
ein p8 (nupr1)/ tribbles-homologue 3 (p8/trib3) mediated autophagy,
as been shown to contribute to the antitumor effects of cannabinoids in
arious cancer cells. 32–34 Moreover, a recent study on the effects of CBD
n anxiety conducted by L. Riley Gournay found that while a single dose
f CBD did not reduce worry severity or anxiety symptoms, repeated
dministration of a higher dose (300 mg) over two weeks significantly
educed anxiety symptoms compared to a placebo. Their findings high-
ight the importance of dosage and duration in the effectiveness of CBD
reatments. 35 Overall, recent trends and scientific advances in cannabis
esearch have opened up new opportunities for the safer use of cannabi-
oids in specific medical settings. 

. Nurturing curiosity and innovation on minor cannabinoids 

nd synthetic analogue 

The exploration of minor cannabinoids and synthetic analogues has
pened new avenues for therapeutic applications, significantly impact-
ng the cannabis industry. The increasing focus on synthetic cannabi-
oids and novel derivatives has not only expanded research but also
riven economic growth in the cannabis market. The U.S. cannabi-
oid market, valued at USD 18.14 billion in 2022, is expected to
row at a compound annual growth rate (CAGR) of 15.3 % from
023 to 2030, fueled by rising awareness of the health benefits associ-
ted with cannabinoids. 36 However, the high cost of cannabinoid-based
roducts, particularly minor cannabinoids such as cannabigerol (CBG),
annabichromene (CBC), and cannabinol (CBN), remains a barrier to
4

ider accessibility, despite their demonstrated efficacy and growing re-
earch interest. Among the minor cannabinoids being investigated, com-
ounds like CBG, CBN, and cannabidivarin (CBDV) have shown partic-
lar promise. 37–42 

For instance, cannabidivarin (CBDV), a non-psychoactive cannabi-
oid closely related to CBD, has shown potential in treating epilepsy
nd neurological disorders, with ongoing studies exploring its efficacy
n conditions like autism spectrum disorder (ASD) 43 and Rett syn-
rome. 44 A phase 2 randomized controlled trial published in Cannabis
nd Cannabinoid Research showed that CBDV reduced seizures by 40.5
 in people with focal seizures, and was well tolerated, indicating a

uitable pharmacological effect. 45 CBG has demonstrated neuroprotec-
ive and anti-inflammatory properties, making it a potential candidate
or managing neurodegenerative diseases as neuroprotective 46 and anti-
nflammatory agent, particularly in the context of inflammatory bowel
isease (IBD). 47 A study by Sara Valdeolivas and colleagues found that
BG had protective effects in a model of Huntington’s disease. They re-
orted that CBG helped improve movement issues and protected brain
ells from damage in mice exposed to the toxin 3-nitropropionate (3NP).
dditionally, it also reduced inflammation and boosted antioxidant lev-
ls, which were lowered by the toxin. These findings suggest that CBG
s useful in treating neurodegenerative disorders. 48 Additionally, CBC
as shown potential in supporting brain cell viability, which could be
eneficial in treating depression and anxiety, 49 while CBN is being stud-
ed for its sedative effects and potential use in sleep disorders. A recent
tudy found that a water-soluble nano form of CBN helped people with
leeplessness fall asleep quickly and improved both the duration and
uality of their sleep. 50 Furthermore, THCV has been investigated for
ts role in weight management and type 2 diabetes due to its ability to
egulate appetite and blood sugar levels, highlighting its potential as a
herapeutic agent in metabolic disorders. 51 Currently, there is growing
esearch interest in CBN due to its structural similarity to other cannabi-
oids. However, research on CBN remains limited. Given its structural
esemblance, scientists suggest that CBN may have potential therapeutic
ses for conditions such as nausea, sleep disorders, mood disorders, and
europathic pain. 

Taken together, minor cannabinoids could be a promising therapeu-
ic intervention for certain diseases (depicted in Fig. 2 ). Despite the
romising therapeutic potential of these minor cannabinoids, much of
he research is still in its early stages, and more comprehensive stud-
es are needed. As research progresses, we expect that these compounds
re likely to play an increasingly important role in developing new treat-
ents for various medical conditions. 

. Current clinical trials: emerging hope and new findings on 

edical cannabis 

Recent clinical trials are exploring the therapeutic potential and
afety of cannabinoids, including minor cannabinoids, in treating vari-
us diseases. These studies aim to determine how these compounds can
e safely and effectively used in different treatment plans. One such
rial, “Improving Pain Disability with the Use of Oral Cannabinoids ”, 52 

s evaluating THC and CBD for chronic pain management, with results
xpected by late 2024. Early findings suggest that THC may significantly
educe pain and improve sleep in chronic pain patients, while CBD also
elps with pain but to a lesser extent. Another ongoing study, “CBDV
s. Placebo in Children with Autism Spectrum Disorder (ASD) ”53 is ex-
mining CBDV’s effectiveness in reducing irritability in children with
SD, with results anticipated by late 2025. In addition, two Phase-2

rials 54 , 55 are investigating how THC and CBD affect symptoms in peo-
le with Multiple Sclerosis (MS), addressing the current lack of strong
cientific evidence for cannabis in treating MS symptoms. In the field
f oncology, a trial is ongoing for comparing hemp-derived CBD with
nd without THC to a placebo, focusing on sleep, pain, mood, cogni-
ive function, and quality of life in cancer patients. 56 Another Phase-2
rial is testing different cannabis extract combinations (varying levels of
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HC and CBD) to determine which is most effective for cancer-related
ymptoms like nausea, pain, anxiety, and sleep disturbances. 57 A very
ecent Phase-2 trial led by Francisney Nascimento and Taynara Silva is
valuating the effects of a CBD/THC compound on Alzheimer’s Disease,
nvolving patients in the mild and moderate stages. 58 

These ongoing trials highlight the growing interest in cannabinoids
s potential treatments for a wide range of conditions. As these studies
onclude, they are expected to provide valuable insights into the efficacy
nd safety of these compounds, potentially leading to new treatment
ptions and better patient outcomes. 

. Public perception and stigma in medical cannabis use: 

ddressing and overcoming barriers 

Public perception of medical cannabis has long been influenced by
ts association with recreational use and illegal activities, leading to sig-
ificant stigma. This stigma can cause patients to feel embarrassed or
shamed, affecting their willingness to seek help or follow treatment
lans, which can lead to poorer health outcomes. This negative view,
ooted in decades of prohibition and media portrayals of cannabis users
s criminals, continues to be a major barrier to the acceptance of med-
cal cannabis. Despite advances in research, many people, especially
hose in conservative areas, still see cannabis use as morally wrong
r socially unacceptable. 59 This stigma can prevent patients from dis-
ussing cannabis with their healthcare providers or considering it as a
reatment option. 60 A study in Harm Reduction Journal interviewed 23
eople using cannabis for medical reasons and found that their expe-
iences of stigma were linked to negative views of cannabis as a recre-
tional drug, criminal penalties, and the context of their health issues. 61 

tudies also have shown that patients using cannabis for medical pur-
oses often face judgment and fear being stigmatized by family, friends,
nd even healthcare professionals, which can lead to underutilization
f beneficial treatments. 61 Concurrently, healthcare providers also feel
he effects of this stigma, with some hesitating to prescribe or recom-
end cannabis due to concerns about their professional reputation, le-

al issues, or lack of knowledge about its use. 62 To identify barriers
o prescribing cannabis-based products on the National Health Service
NHS) where it was deemed clinically appropriate, a review conducted
y NHS England and NHS Improvement in 2019, which revealed that a
ignificant number of clinicians viewed the lack of robust Randomized
ontrolled Trial (RCT) data as a major obstacle, particularly concerning
roducts containing THC. This report also highlighted a range of per-
pectives among clinicians regarding their willingness to prescribe these
roducts on a case-by-case basis. For severe treatment-resistant epilepsy,
n particular, unique considerations were noted when assessing the use
f cannabis-based products. Among the recommendations were the cre-
tion of a UK-wide pediatric specialist clinical network, clear guidance
or patients on the prescribing process, and further research by the Na-
ional Institute for Health and Care Research (NIHR) into priority areas
uch as treatment-resistant epilepsy. Additionally, it was suggested that
ccess to reliable information on high-quality products should be im-
roved. 63 

However, as research on cannabis has grown, attitudes are slowly
hanging, especially in areas where medical cannabis is legal. 64 Trans-
arent communication about both the benefits and risks of cannabis
an build public confidence and reduce skepticism. Public awareness
f the medical benefits of cannabis, supported by scientific evidence,
as helped shift opinions. High-profile cases, such as that of Charlotte
igi, a young girl whose severe epilepsy was improved by CBD oil, 65 

ave also played a role in changing public perception. Experts in the
eld of medical cannabis argue that education and open dialogue are
ssential to overcoming this stigma and they emphasize the importance
f educating both healthcare professionals and the public about the en-
ocannabinoid system and the scientific evidence supporting the use of
edical cannabis. 66 Legalization of medical cannabis in various regions
as also positively influenced public perception, with over 40 countries
5

nd 38 U.S. states having legalized it by 2024. 67 This growing accep-
ance has helped to normalize medical cannabis use. 

To further reduce stigma, aligning views with the FDA’s approval
rocess is crucial. The FDA’s programs, such as Fast Track, Breakthrough
herapy, Accelerated Approval, and Priority Review are specifically de-
igned to speed up the creation and approval of drug products. Addi-
ionally, the FDA’s expanded access programs, also known as “compas-
ionate use, ” are intended to make investigational products available
o patients with serious conditions when no other satisfactory therapy
xists. While the FDA monitors approved drugs for safety, unapproved
annabis products carry risks due to the lack of rigorous testing. There-
ore, it’s important to rely on FDA-approved drugs for confidence in their
afety and effectiveness. Furthermore, the FDA has not reviewed clinical
rial data to support the safety and effectiveness. 68 So we need to align
ur perception with the FDA approval process, as this will strengthen
rust in medical cannabis use and ultimately improve its therapeutic
utcomes by increasing patient adherence to cannabis treatments. 

. Enhancing cannabis safety: strategies for safer medical use and

atients adherence 

As the use of cannabis for medical purposes becomes increasingly
ccepted and widespread, ensuring its safety and effectiveness is cru-
ial. However, the path to making cannabis a safer option for medical
se involves addressing several challenges, including standardization of
roducts, understanding pharmacological interactions, exploring safer
ethods of consumption, and implementing rigorous regulatory frame-
orks. One major challenge is the variability in cannabis products. The

ffects of cannabinoids, terpenes, and flavonoids depend on their ratios,
hich can differ greatly between strains, leading to varying therapeutic

esults and side effects. 69–71 To mitigate these risks, it’s important to
tandardize cannabis products to ensure consistent cannabinoid profiles
nd potency. 72 This includes ensuring consistent cannabinoid profiles
nd potency across batches. Advances in cultivation, such as selective
reeding and genetic engineering, 73 could help produce plants with sta-
le cannabinoid profiles suited for medical use. The cannabis industry
s still in its relative infancy, leading to inconsistencies in product qual-
ty, labeling, and safety. Regulatory oversight is also essential to ensure
roduct quality and clear labeling, including information on cannabi-
oid content and potential side effects. Implementing Good Manufac-
uring Practices (GMP) 74 and developing pharmaceutical-grade formu-
ations 75 could further enhance safety. 

Another important issue is that medical cannabis is often used along-
ide other medications, which raises concerns about potential drug inter-
ctions. Cannabinoids are metabolized by the cytochrome P450 enzyme
ystem, 76 which is also responsible for the metabolism of many pre-
cription drugs. This can lead to altered blood levels of either cannabis
r the co-administered drugs, affecting their efficacy or causing ad-
erse effects. For example, using cannabis with blood thinners like
arfarin can increase bleeding risk, while combining it with certain
ntiepileptic drugs can cause excessive sedation. 77 More research is
eeded to understand these interactions fully, so patients should consult
ealthcare providers. Similarly, UDP- glucuronosyltransferase-1 fam-
ly, like- UGT1A1, UGT1A3, UGT1A9 enzymes and the enzyme UDP-
lucuronosyltransferase-2, mainly UGT2B7 are involved in metaboliza-
ion and detoxification of phytocannabinoids. 78 Recently, it has been
hown that phytocannabinoids, especially CBD, are able to inhibit many
f UGT enzymes (mainly UGTs1A6, 1A9, 2B4 and 2B7), suggesting that
eleterious effects of cannabis may be more likely to occur in patients
ith reduced renal or hepatic function. 79 

The method of consumption impacts safety as well. Smoking
annabis, while traditional, can cause respiratory issues, particlarly as
t modulates pulmonary immune function, 80 poses a risk of lung can-
er and chronic bronchitis. Alternatives like vaporization, edibles, tinc-
ures, and topical applications are being explored for safer use, though
hey also have challenges such as delayed onset or dose control diffi-
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ulties. Studies have shown that vaporizing cannabis is associated with
ewer respiratory symptoms compared to smoking. 81 , 82 However, for
ight dose selection, clinician may require some trial and error, under
esourceful medical setup. 

Several pieces of evidence suggests that long-term cannabis use, es-
ecially in adolescents, may affect cognitive development and increase
he risk of psychiatric disorders, potentially leading to long-term deficits
n memory, attention, and executive function. 83–85 Additionally, early
annabis use is associated with an increased risk of developing psychi-
tric disorders, such as schizophrenia, 86 , 87 especially in individuals with
 predisposition to these conditions. To protect vulnerable populations,
ge restrictions and education on the risks of cannabis use are important
or ensuring that medical cannabis is prescribed only when the benefits
learly outweigh the risks. 

Another important issues is that Cannabis treatment is very different
rom an allopathic therapy, as finding the right dose of cannabis for a pa-
ient is challenging, due to factors like age, disease type, and individual
enetics and metabolism. This complexity was highlighted by a prospec-
ive epidemiological study conducted by Bar-Lev Schleide et al. 88 As the
NR1 gene encodes the CB1 receptor, and polymorphisms in this gene
ave been linked to differences in the psychoactive effects of cannabis.
o investigate whether CNR1 variation predicts CNR1 prefrontal mRNA
xpression in postmortem prefrontal human tissue, a study conducted
y Colizzi, M. et al found that the deleterious effects of cannabis use
re more evident on a specific genetic background related to its recep-
or expression 89 which can affect susceptibility to cannabis use disor-
ers and response to cannabis treatment. Similarly, genetic variations
n the genes responsible for encoding enzymes that metabolize cannabi-
oids have been studied in relation to changes in enzyme activity. For
nstance, numerous functional haplotypes have been discovered in cy-
ochrome P450 genes, leading to phenotypes that differ in frequency
cross ethnic groups. A single nucleotide polymorphism (SNP) in the
YP 2C9 enzyme affects one of the steps involved in THC conversion,
otentially lowering THC metabolism by as much as 70 % compared
o individuals carrying the wild-type allele. 90 Thus, genetic tests could
elp tailor treatments and improve adherence to cannabis therapy. For
xample, THC and CBD genetic tests are emerging as a valuable tool
or personalizing cannabis use based on an individual’s genetic profile.
hese tests analyze genetic variants that influence how a person metab-
lizes and responds to cannabinoids, providing insights into tolerance,
isk of adverse effects, and potential therapeutic benefits. 

. Concluding remarks and future directions 

The future of medical cannabis is shaped by the interplay between
cientific research, public perception, and safety considerations which
orms a feedback loop (shown in the graphical abstract). These intercon-
ected elements influence the ongoing development and use of cannabis
or medical purposes. Scientific research lays the groundwork by uncov-
ring the therapeutic benefits and potential risks of cannabinoids, which
n turn inform regulatory policies and public opinion. Positive research
utcomes can reduce stigma and increase acceptance of legalization,
hile findings of risks may lead to more cautious approaches. we pro-
ose that extensive research on medical cannabis has the potential to
rive legislative changes that standardize dosage, strain selection, and
elivery methods (such as oils, edibles, and vaporizers). This standard-
zation is essential for ensuring consistency and predictability in treat-
ent outcomes. Additionally, safety-related research can inform the es-

ablishment of regulations regarding product testing, labeling, and qual-
ty control, ultimately protecting patients from contaminants, improper
osing, and mislabeled products. By aligning research with legislative
nitiatives, we can create a more effective and safe framework for the
se of medical cannabis in clinical practice. Public education, supported
y research, is crucial for changing perceptions and promoting informed
ecisions. Addressing stigma is key to improving patient access to med-
cal cannabis. Ongoing research must continue to evaluate the safety
6

nd efficacy of cannabis, ensuring that healthcare providers can make
nformed recommendations to patients. In this context, our narrative
eview recommends that research-backed guidelines be utilized to train
ealthcare providers, thereby enhancing patient trust and adherence to
reatment regimens through knowledgeable and clear instructions from
hysicians. 

Looking forward, a balanced approach that integrates scientific evi-
ence, public education, and safety considerations will be essential. This
pproach will help to maximize the therapeutic potential of medical
annabis while minimizing risks, ultimately leading to its wider accep-
ance and integration into mainstream medical practice. 
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