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Abstract

Issues.—The Cannabis sativa L. plant contains hundreds of phytocannabinoids, but 
putatively of highest importance to public health risk is the psychoactive cannabinoid delta-9-
tetrahydrocannabinol (THC), which is associated with risk for cannabis use disorder, affective 
disturbance, cognitive harm and psychomotor impairment. Recently, there has been an increase 
in the use and availability of concentrated cannabis products (or ‘concentrates’) that are made 
by extracting cannabinoids from the plant to form a product with THC concentrations as high 
as 90–95%. These products are increasingly popular nationwide. The literature on these widely 
available high potency concentrates is limited and there are many unknowns about their potential 
harms.

Approach.—This review covers the state of the research on cannabis concentrates and 

behavioural health-related outcomes and makes recommendations for advancing the science with 

studies focused on accurately testing the risks in relation to critical public and behavioural health 

questions.

Key Findings.—Data point to unique behavioural health implications of concentrate use. 

However, causal, controlled and representative research on the effects of cannabis concentrates 

is currently limited.

Implications.—Future research is needed to explore chronic, acute and developmental effects of 

concentrates, as well as effects on pulmonary function. We also highlight the need to explore these 

relationships in diverse populations.

Conclusion.—While the literature hints at the potential for these highly potent products to 

increase cannabis-related behavioural health harms, it is important to carefully design studies 
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that more comprehensively evaluate the impact of concentrates on THC exposure and short- and 

long-term effects across user groups.
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Introduction

The Cannabis sativa plant contains hundreds of phytocannabinoids, but delta-9-

tetrahydrocannabinol (THC) is the cannabinoid most associated with public-health 

risks, such as cannabis use disorder (CUD), affective disturbance, cognitive harm and 

psychomotor impairment [1]. Over the last several decades, the potency of THC in 

recreational cannabis has increased substantially in the USA and worldwide [2–4]. There 

has also been an increase in the availability of concentrated cannabis (or ‘concentrates’), 

which are made by extracting cannabinoids from the plant to form a product with THC 

concentrations that typically range from 52 to 69% THC, but can be as high as 90–95% 

[5–7]. In contrast, the average potency of state marketplace flower products falls in the range 

of 16–21% THC [7–9]. Although we are lacking high-quality, nationally or internationally 

representative data on the prevalence of concentrate use, state-level data from both Colorado 

and Washington suggest that concentrates are increasingly popular [10,11]. For example, 

striking point-of-sale data provided by Colorado recreational and medical dispensaries 

indicate that sales of concentrates rose 444% during the first 4 years of legalisation 

(2014–2017) (Note: The State of Colorado Marijuana Enforcement Division changed their 

reporting metrics after 2017; more current data on increases in concentrates sales are not 

publicly available.) [12].

Concentrates are projected to be one of the fastest growing categories of cannabis products 

nationally and globally, with sales estimated to reach between $13 and $15 billion annually 

in the next 2 years [13]. It is unsurprising that the past 5 years have seen a call for 

increased monitoring of concentrate use worldwide, as well as research concerning methods 

of concentrate administration, motivations for use and short- and long-term effects and 

potential harms [10,14]. However, barriers to research with these cannabis products have 

not allowed a full assessment of risks, leaving a major gap in our ability to quantify the 

impact of these high potency products. The research gap is in part due to the relative 

novelty of wide-spread availability of these concentrated forms of cannabis and in part due 

to conflicts between federal and state laws in regards to the legality of these products, which 

prevent researchers, even in states where such products are sold and marketed, from freely 

conducting research studies on cannabis concentrates [15]. Below we review the state of 

the research on cannabis concentrates and behavioural health-related outcomes and make 

recommendations for advancing the science to accurately quantify risks and improve public 

health regulations surrounding concentrate use.
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Methods

Between January and October 2020, separate literature searches were conducted utilising 

Google Scholar, Proquest, PsychInfo and a pre-existing cloud-based Mendeley citation 

repository/library with search terms separately or in combination (described in Appendix 

S1, Supporting Information). For example, a search may have consisted of ‘high potency’ 

alone or in combination with ‘cannabis’ or ‘marijuana’. All papers identified as potentially 

relevant to concentrates were added to the Mendeley shared library and coded with the 

tag ‘concentrate’. One hundred and eighty-five unique papers/resources were included as 

long as they presented concentrate-relevant findings that were not previously accounted for 

and/or were the most up-to-date review or meta-analysis in a specific topic area. Based 

on this process, the authors convened to categorise included studies through consensus 

and thus identified three overarching areas to review: production/extraction/administration; 

pharmacology and biomechanisms and behavioural health effects. Behavioural health effects 

were subdivided further into six primary topical areas: intoxication and impairment; mood 

and affective regulation; cannabis use disorder; adolescent concentrate use; associations with 

psychosis; and sex differences. Finally, based on our overall interpretation of the extent 

literature, the authors propose specific research areas of greatest need and promise for future 

directions in cannabis concentrate research.

Production, Extraction and Administration

Production and extraction

There are several approaches to producing concentrates, usually involving solvent-based or 

so-called solventless extraction to isolate THC from raw cannabis [16]. In solvent-based 

extraction, liquid butane passes through plant material and is then extracted or evaporated 

from the solution, resulting in a high concentration of THC [6]. In ‘solventless’ (Note: 

Despite the fact that water is in fact an inorganic solvent, this type of extraction method 

is nonetheless referred to as ‘solventless’ by industry standard.) extraction, plant matter is 

agitated (sometimes using ice-cold water, which causes trichomes to become brittle and 

break off) and sifted through various filters. This isolates the high-potency plant material, 

which is then pressed between heated plates in a hydraulic press [6]. There are other 

less-common extraction methods, most notably CO2 and dry processing methods involving 

dry ice that freezes trichome structures within the plant [6]. Figure 1 shows the extraction, 

production and administration process for cannabis concentrates.

THC is frequently the focus of extraction, but other cannabinoids, such as cannabidiol 

(CBD), can be extracted and concentrated via these methods. The average THC potency of 

cannabis concentrate has been reported at 52% [17], but can be over 70–95% [5,6,17,18]. 

Differences in concentrate production methods result in a variety of product consistencies, 

producing a range of materials and product types [19], including butane hash oil, wax, live 
resin, shatter (created via solvent-based extraction) and hash and bubble oil (created via 

water-based, ‘solventless’ extraction) [6,19,20].

Concentrate contaminants and other production risks.—While regulated legal 

markets have firm guidelines for testing and identification of contaminants in cannabis 
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products, there are still risks associated with concentrate production, including high levels 

of contaminants and flash fires or explosions during production [16], especially outside 

of legal markets. Raber and colleagues compared solvent-extracted concentrates with 

water-extracted (‘solventless’) concentrates and found that while there was no significant 

difference in potency between the two concentrate types, over 80% of the solvent-

extracted samples were contaminated by residual solvents (e.g. isopentane), pesticides (e.g. 

paclobutrazol) [6], methacrolein and benzene (formed through the degradation of terpenes) 

[19]. A review of potency and contamination studies revealed that naturally occurring 

contaminants, such as fungi, mould and bacteria, have also been found in concentrate 

samples at unsafe levels, as well as other contaminants, such as heavy metals leached 

from soils, pesticides and fertilisers [19,21]. While these problems exist across forms of 

cannabis, they can be exacerbated in concentrate products. Furthermore, it is challenging to 

compare levels of toxicity across classes of contaminants due to variations in dosing and 

concentration. For instance, a high level of mould intoxication may or may not be more 

dangerous than a low level of heavy metal contamination. Unfortunately, while the literature 

is growing on this important topic, most work focuses on a specific class of contaminant and 

more data are needed in order to make cross-class comparisons.

Administration of concentrates

These concentrate product formulations are linked with various methods of administration. 

Concentrates can be consumed orally (sublingual) but are most often consumed via 

inhalation using a water pipe or vaporiser, providing the fastest onset of effects (typically 

within 90 s), the shortest duration of peak effects (60–90 min) [22,23], and are typically 

referred to as dabbing or taking a dab. Administration via a water-pipe, often referred to 

as an oil rig, involves contact between the concentrate and a small heated surface, referred 

to as a nail [6,19]. The small surface can be electronically heated (using an e-nail) to 

regulate temperature, or alternatively made of titanium, ceramic or quartz and manually 

heated using a blowtorch [6,19]. Similar to concentrate extraction methods, these methods of 

administration can be dangerous, with some cases of acute lung injury [24–28], as well as 

injury due to explosion or fire [29–31].

Inhalation via vaporisation is a similar process converting cannabinoids to vapor through 

conductive (direct contact between cannabis and heating element) or convective (heated air 

passes over cannabis) heating. Although data are preliminary, certain forms of vaporisation 

are perceived to have fewer negative effects compared to smoking, such as sore throat, chest 

tightness, coughing and wheezing or risk for cancer [32]. Vaporiser technologies attempt 

to reduce the respiratory risks of inhalation through processes that heat the entire plant 

without igniting it, and thus release cannabinoid in a vapor containing fewer combustion by-

products. A handful of studies have attempted to isolate the respiratory risk associated with 

vaporisers and demonstrate some reduction of harms [33–37]. However, inhalation via ‘vape 

pens’ may introduce additional risks as highlighted by the current rise in vaping-related 

adverse medical outcomes, including e-cigarette, or vaping, product use-associated lung 

injury (EVOLI). Although e-cigarette use and vitamin E additives are of pervasive concern 

in relation to EVOLI, around 85% of EVOLI patients report vaping products containing 

THC [38,39]. In addition, there are potential pulmonary risks of inhaling oil-based and 
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extracted cannabis products that may contain even trace amounts of containments. For 

example, a recent case study documented an incidence of severe pneumonitis with acute 

hypoxic respiratory failure in a healthy 18-year-old female concentrate user, where regular 

concentrate use/butane hash oil inhalation over 3 years (reported dosage of 1–2 g per day) 

was reported as the cause of her lung injury [24]. In sum, the increased availability of 

these high potency products has produced a shift in production methods and in the available 

modes of cannabis administration, which may impact the risks of consumption in users of 

cannabis concentrate.

Pharmacology and Biomechanisms of Cannabinoids in Concentrates

Regardless of the mode of administration, THC is an exogenous cannabinoid that interacts 

with the body’s endocannabinoid system (eCS), an internal homeostatic system associated 

with immune and stress responses as well as many other physiological processes, such 

as appetite, mood and cognition [40–42]. The eCS includes endogenous cannabinoid 

neurotransmitters (anandamide and 2-Arachidonoylglycerol) and exogenous cannabinoids 

that come from the cannabis plant, both of which bind to cannabinoid receptors CB1 and 

CB2 [43].

THC is a partial agonist for CB1 and CB2 receptors, and THC has less efficacy at CB1 and 

CB2 receptors compared to synthetic full receptor agonists (e.g. CP55940 and WIN55212), 

thus its activity at these receptors depends on density of receptors, concentration of 

endogenous agonists and receptor-ligand coupling efficiencies (i.e. it can act as an antagonist 

in some tissues) [44–46]. Further, THC has a stimulating effect on dopamine release 

[46–50]. CB1 receptors exhibit significant density in brain regions that are known to be 

involved with reward and addiction as well as cognitive function (e.g. amygdala, prefrontal 

cortex, cingulate cortex, nucleus accumbens, ventral tegmental area and others) [44–46], 

highlighting THC’s role in the psychoactive and sometimes addictive effects of cannabis 

in humans. Research demonstrating that THC and synthetic CB1 receptor agonists are self-

administered in animals [45], as well as evidence that CB1 blockade prevents intoxication 

[51], suggests that these processes alter brain reward function in a dose-dependent fashion. 

Studies also demonstrate the downregulation of cortical CB1 receptors in chronic cannabis 

users acutely, but that CB1 activity returned to normal levels after a 4-week cannabis 

abstinence period [52]. These findings suggest chronic cannabis use may cause changes in 

CB1 receptor density, which is potentially related to tolerance and dependence. However, the 

time course and severity of these underlying neural responses and their links to long-term 

cannabis use behaviours among concentrate users remain unstudied.

Although THC likely exerts the majority of its psychoactive effects through its actions 

at CB1, THC also acts as a partial agonist at CB2 receptors. CB2 receptors have been 

found in low levels in reward-related brain regions, where their activation appears to reduce 
dopaminergic activity [53,54]. CB2 receptors are also thought to be related to immune and 

inflammatory functions in the brain and the body [45,55–57], and in the maintenance and 

proliferation of neural cells [57,58]. In contrast to CB1, which is abundantly expressed on 

neurons throughout the central nervous system [59], CB2 is mainly distributed in peripheral 

and immune cells [60].
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Finally, there are a number of other minor cannabinoids, such as CBD that are found 

in recreational cannabis products, including concentrates. CBD has numerous purported 

mechanisms of action in the brain and body, and we do not yet have a complete 

understanding of its effects. Unlike THC, CBD appears to have low affinity for endogenous 

cannabinoid receptors, but is able to antagonise CB1 and CB2 receptor agonists [61], and 

acts as a negative allosteric modulator of CB1 [62]. In addition, some data indicate the CBD 

may inhibit the metabolism and effects of THC [44,63–66]. Other cannabinoids and terpenes 

have also been proposed to have varying synergistic relationships [66]. Overall however, 

research on the ‘entourage effects’ [67] of these numerous components of cannabis is still 

nascent, particularly for concentrates.

The existing data on THC binding to cannabinoid receptors have largely been conducted 

in animal models and in the context of lower potency cannabis. It is possible, but 

currently unknown, whether the acute or chronic administration of concentrates exacerbates 

these well-established CB1 or CB2 receptor-based mechanisms and further whether any 

meaningful pharmacological differences exist across the various concentrate formulations 

and modes of administration described above.

Behavioural Health Effects of Concentrate Use

Intoxication and impairment

Acute effects of THC can include intoxication, increases in subjective reward and 

impairment to executive function, impulse control, attention and psychomotor function 

[68–70]. Together these effects can increase risky behaviour during intoxication [71,72]. 

For example, research demonstrates that exposure to higher doses of THC is associated 

with ‘riskier speed-accuracy trade-offs’ [55] and premature responses [56] in laboratory-

based cognitive tasks. At present, there are limited data concerning the effects of cannabis 

concentrate products on subjective intoxication and impairment within neurocognitive and 

psychomotor performance domains. The potential for increased risk-taking combined with 

acute impairment is concerning from a public health standpoint, particularly regarding 

driving under the influence of cannabis. However, concentrates may or may not intensify 

these acute risks, due to tolerance effects, and it is unclear whether accurate inferences about 

the effects of concentrates can be made from studies of the effects of lower potency cannabis 

products on intoxication and impairment.

Some studies testing primarily cannabis flower have demonstrated a relationship between 

blood THC concentration and psychomotor or driving-simulation performance, but results 

have been mixed [70,73,74]. It is worth noting, however, that the THC blood levels in these 

studies are considerably lower than the blood levels observed in concentrates users. For 

example, in one study exploring the correlation between THC-positive urine samples and 

field sobriety tests, the mean THC concentration was 9 ng/mL (range 2–60 n/mL) [74], 

whereas blood-THC immediately after concentrate use has been reported at an average 

of 321 n/mL [23]. Other data suggest that cannabis users can at least partially self-titrate 

their use and modulate THC exposure acutely according to the THC concentration of the 

particular product [23,75]. For example, in Bidwell et al. [23], users of both 70 and 90% 

THC concentrates showed similar THC blood levels. However, there may be a limit to the 

BIDWELL et al. Page 6

Drug Alcohol Rev. Author manuscript; available in PMC 2023 January 26.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



role that self-titration can play among users of very high potency products. In this study, 

blood levels after use of concentrates (either 70 or 90% THC) were over two-times higher 

than blood levels after use of flower products ranging from 16 to 24% THC (i.e. mean 

plasma THC levels were 321 ng/mL in concentrate users and 140 ng/mL in flower users).

Quantifying the extent of THC exposure (via well-timed cannabinoid biomarkers) that 

occurs during both acute and chronic concentrate use is critical to evaluating their effects. 

It is unclear whether, or to what extent, putatively higher THC blood levels after use 

of high-potency cannabis actually increases risks for acute impairment and/or promotes 

risk-taking behaviour compared to average potency products. Bidwell et al. took a novel 

approach to this question, leveraging a mobile pharmacology laboratory to collect some 

of the first observational data quantifying the acute effects of concentrate use [23]. In this 

naturalistic acute concentrate administration study, concentrate users achieved significantly 

higher blood-THC levels (321 ng/mL in concentrate users compared to 140 ng/mL in flower 

users), but demonstrated similar intoxication, cognitive and psychomotor effects compared 

to flower cannabis users. These data suggest several possible interpretations: (i) concentrate 

users may develop significant tolerance to the effects of THC; (ii) cannabinoid receptors 

may become saturated with THC (a CB1 partial agonist) at higher levels, beyond which there 

is a diminishing impact of additional THC [76]; and (iii) there may be individual differences 

among users in terms of metabolism or sensitivity to cannabis, which might be related to 

genetics or other pre-existing biological differences [77,78].

Tolerance

It is important to note that the objective quantification of THC exposure may not directly 

link with acute intoxication and impairment, likely due to tolerance that develops to the 

effects cannabis among regular and/or heavy cannabis users [52,79]. Consistent with rodent 

studies showing CB1 receptor downregulation following chronic cannabis exposure [80], a 

human positron emission tomography study indicated that human subjects who chronically 

smoke cannabis experience selective downregulation of CB1 receptors in cortical brain 

areas, and that CB1 receptor density can return to normal following 4 weeks of monitored 

cannabis abstinence [52]. In addition, a systemic review of the human evidence on the 

development of tolerance following regular cannabis use showed that regular cannabis 

users experience behavioural and physiological tolerance with repeated cannabis exposure 

(with cognitive performance showing the highest degree of tolerance), and that the acute 

intoxicating, psychotomimetic and cardiac effects of cannabis show partial tolerance [81]. 

Thus, it will be important to dissect the possible impact of tolerance among regular 

consumers of high potency cannabis products and accurately evaluate public health risks 

and time course of intoxication via concentrates in different types of users (e.g. occasional 

vs. regular). For example, in the Bidwell study [23], a brief psychomotor battery was 

administered several times after acute concentrate or cannabis flower use to explore 

the time course of cognitive and motor impairment. Both concentrate and flower users 

showed significant psychomotor impairment in several domains (e.g. balance, reaction 

time) immediately after consuming cannabis, but their performance returned to baseline 

after 1 h [23,82]. These findings suggest that even if overall tolerance develops among 
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high-potency users, regular (weekly to daily) users still experience initial impairment in 

select psychomotor domains immediately after use, which warrants further investigation.

Mood and affective regulation

Whereas cannabis use is broadly associated with cognitive impairment, its relationship 

with mood is more complex. Cannabis has robust, acute effects on positive mood and 

decreased anxiety, including subjective reward, such as ‘high’, ‘liking’ and ‘mellow’ [72,83–

87], and these more positive mood effects appear to be THC dose dependent and are 

unlikely due to expectancies [88]. A recent naturalistic study of cannabis use and effect 

suggested that while using acutely reduced symptoms of depression, anxiety and stress, 

long-term use exacerbated depression [89]. Emerging data address the acute impacts of 

concentrates on positive and negative mood and suggest that flower cannabis may produce 

more consistent positive mood, but that acute negative mood effects may be minimal and 

similar for both concentrates and flower [90]. However, some studies have shown that the 

acute negative effects of THC, such as unpleasant drug effects, confusion, sedation and 

dysphoria, are also dose-dependent [72,91], suggesting that individuals who use more potent 

products (e.g. concentrates) may be more likely to experience these negative effects. This 

may be a particular risk among less experienced users. Cannabis use is also associated 

with longer-term negative effects on emotional lability, including depressed mood and 

anger/hostility, regardless of whether onset is in adolescence or adulthood [92,93]. Further, 

cannabis use patterns may generally disturb affect with greater levels of use associated with 

long-term effects on psychiatric conditions [94–96]. It is possible that high potency cannabis 

exacerbates these short- and long-term relationships and further studies are needed to dissect 

any causal role of high potency products in affective disturbance.

Cannabis use disorder and related clinical phenomena

Increased THC potency cannabis has been associated with higher tolerance, physiological 

dependence and greater withdrawal symptoms [18,97–99]. Similarly, individuals using 

high THC potency cannabis appear to be at a greater risk for developing a CUD [100], 

highlighting concerns about increased clinical risk. Notably, one recent study found that 

higher cannabis potency increased the risk of CUD development and accelerated the 

progression of symptom onset, such that using higher potency products at the onset of 

cannabis use was correlated with quadruple the risk of developing CUD symptoms within 

the first year [100].

Several studies have concluded that the use of high-potency cannabis is associated 

with greater dependence and withdrawal in comparison to low-potency cannabis 

[16,18,29,97,98,100–102]. While these findings are consistent, this relationship has not 

been proven to be strictly causal [101] and several studies have found that cannabis 

concentrate users experience no more behavioural problems than do flower users after 

accounting for frequency of use [5,18]. However, current data in concentrate users capture 

these clinically relevant metrics very generally, typically through surveys, and do not shed 

light on fluctuations in withdrawal and other behaviours in relation to individual use patterns 

and abstinence behaviours. If concentrate users do experience more severe withdrawal, this 

may be one potential mechanism underlying an increased risk for CUD in concentrate users. 
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As a result of more severe withdrawal, concentrate users may be more motivated to resume 

cannabis use following abstinence to suppress withdrawal symptoms, which could ultimately 

lead to more regular, heavy and persistent patterns of use. Alternatively, concentrate use may 

be associated with elevated affective and physiological symptoms that mirror withdrawal 

more chronically and fluctuate little in response to overnight abstinence and reinstatement. 

Given the potential clinical significance of withdrawal symptoms in the development of 

CUD, further characterising these symptoms under controlled conditions in concentrate 

users and comparing them to users of other cannabis forms is a next critical step.

Adolescent concentrate use

There are heightened concerns about use of high potency cannabis and cannabis-related 

consequences in adolescents, especially given that while other forms of substance use among 

adolescents have decreased, cannabis use rates remain high [103]. Recent research suggests 

that the risk for conversion from occasional to frequent cannabis use among adolescents 

is greatest among concentrate users [104]. This finding may be especially concerning in 

light of results from another study reporting 24% lifetime concentrate use among over 47 

000 adolescents [105]. Novel forms of administration—particularly vaporisation—appear 

to be increasingly popular among adolescents and may be partially driving increases in 

concentrate use among this age group [103]. Current data also suggest that adolescent 

concentrate use also is associated with greater risk for other illicit substance use or substance 

use problems [103].

Among adolescents, there is the potential for THC to impact brain development [70] and 

concern that adolescents may be vulnerable to cognitive and behavioural health impairments 

from cannabis use [106,107]. The brain undergoes a number of critical developmental 

changes during adolescence, some of which appear to involve alterations within the eCS. In 

particular, the adolescent brain expresses a high density of cannabinoid receptors, resulting 

in greater susceptibility to the neurotoxic effects of cannabis during adolescence [108–113]. 

CB1 receptors are particularly abundant during adolescence, and animal models suggest 

chronic activation of CB1 in adolescence confers anxiety- and depression-like effects, as 

well as cognitive impairment [114,115]. The impact of early initiation of use and exposure 

to concentrates on these neurobiological and neurobehavioral pathways is unknown over the 

longer term.

Associations with psychosis

Some existing literature has provided evidence supporting a relationship between cannabis 

use and psychosis, particularly among high-potency users [116–124]. Recent high profile 

reviews have concluded that there is sufficient evidence for an association between dose-

dependent cannabis use and psychosis, but insufficient evidence supporting causality 

[125,126]. The dose-dependent nature of these aggregate findings would suggest the 

possibility of more severe associations among psychosis and use of concentrates, as well 

as for more chronic users who are consuming greater and more frequent doses, but little 

to no research has been done specifically on a large sample of users who exclusively use 

concentrates in relation to psychosis. Other studies have shown CBD may mitigate some 

of these psychotogenic effects [64,127–129]. The causality behind this association is still 
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unclear, but it is likely that THC potency and quantity of other cannabinoids (e.g. CBD) is a 

relevant factor in unpacking these associations with psychosis.

Sex differences

Males report greater prevalence of cannabis use generally and concentrate use specifically 

compared to females [5,130–132], although the sex gap has narrowed in recent years 

[133]. The limited existing studies in this area point to significant sex differences in 

the rate of development of cannabis dependence [134], severity of withdrawal [135] and 

cannabis use patterns (e.g. method of consumption, motives for use) [136]. It has been 

well-established that although the prevalence of cannabis use is lower among females, 

female users experience a faster rate of development of cannabis dependence as compared 

to males [134], a finding has come to be known as the ‘telescoping effect’. Female cannabis 

users also demonstrate a higher rate of withdrawal and tend to experience greater severity 

of certain withdrawal symptoms compared to men [135]. Among treatment-seeking cannabis 

users, women report higher overall withdrawal scores, greater negative affect symptoms (i.e. 

irritability, restlessness, increased anger, violent outbursts), more nausea and stomach pain, 

a greater number of withdrawal symptoms and greater symptom severity compared to men 

[137].

The existing literature hints at critical sex differences in the development and function of 

the eCS and in responses to cannabis [138–141], which may underlie increased withdrawal 

in female users [142]. In one study, male rats were shown to have higher CB1 density in 

the brain compared to females [143–146], and this finding has been replicated in humans 

[147]. However, females may have more efficient CB1 receptors [143,144]. Notably, several 

positron emission tomography studies in humans have demonstrated that women show 

greater CB1 availability compared to men [148,149]. In addition, CB1 levels in the female 

rat brain have been shown to fluctuate across the oestrous cycle [150], and peak CB1 levels 

are reached earlier in development in female rats compared to male rats [151]. Female 

adolescent rats also show greater CB1 receptor desensitisation in response to repeated 

injections of THC compared to male adolescent rats [144]. Based on preclinical findings 

demonstrating sexual dimorphism of the eCS, it has been suggested that the increased 

rate of dependence and withdrawal severity observed in female cannabis users compared 

to male cannabis users may be due to differential desensitisation of CB1 or alterations in 

endocannabinoid tone [135]. Further, one recent human study found that women (compared 

to men) consume less of a higher-potency cannabis strain under laboratory conditions, 

yet experience similar psychological and behavioural outcomes, suggesting potential sex 

differences in THC pharmacology and/or eCS functioning [152]. It is presently unclear 

whether the behavioural differences produced by sexual dimorphism within the eCS are 

exacerbated by high potency cannabis. It will be especially important to determine whether 

female concentrate users are at elevated risk.
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Future Directions for Concentrate Research

Pulmonary function

As the literature suggests that cannabis use is associated with acute and chronic respiratory 

symptoms [24,99,102], it is important to evaluate any change in these risks in relation to 

concentrate use. For example, there may be long-term health risks associated with inhaling 

chemicals like benzene and rust from oxidised metal parts as a result of heating ‘oil rig’ 

devices, because these chemicals are released at higher temperatures in the process of 

‘dabbing’ [10]. These concerns are highlighted by the rise in vaping-related medical issues 

and underscore the need for more data on the impact of inhaling concentrates and various 

modes of administration on pulmonary and other health functions.

Acute and short-term effects

Some evidence suggests that the greater potency of today’s cannabis, compared to earlier 

decades, may lead to significantly greater levels of intoxication and harm [70]. Currently, 

little is known about motivations that are driving increased use of concentrates and 

whether they are related to perceived effects of concentrates, with few studies examining 

motivation either directly or indirectly [132,153]. The literature is also limited in that it may 

either under or over-estimate the effects users experience in the real world in relation to 

concentrates. Only a few previous studies have examined the effect of high potency cannabis 

on subjective intoxication and various forms of cognitive or psychomotor impairment. Even 

fewer studies have directly examined the impact of high potency concentrates, which may 

be altered by tolerance processes, saturation of CB1 receptors and individual pre-existing 

differences among concentrate users. Well-controlled human trials (in both occasional and 

regular users) and targeted preclinical and mechanistic studies are necessary to dissect these 

possibilities. Future studies should explore the effects of high-potency cannabis concentrates 

on intoxication and psychomotor impairment in different types of users, particularly those 

related to driving, given that cannabis is the most frequently reported drug in connection 

with motor vehicle accidents [70]. Federal restrictions on cannabis research largely prevent 

researchers from studying legal-market cannabis products in the laboratory. As a Schedule 

I drug, the only federally legal source of cannabis for research is the National Institute on 

Drug Abuse drug supply program. There are no cannabis concentrates available through 

this program. Currently, the only federally compliant option for researchers is naturalistic, 

observational designs [23]. However, these designs are limited in that participants cannot 

be randomly assigned to use certain cannabis strains, and researchers have limited control 

over the amount of cannabis that participant choose to use during laboratory assessments. 

Changes in federal policies to allow researchers access to cannabis concentrates for human 

and animal studies are critical to advancing the science.

Evaluating developmental effects

Data are lacking on the long-term clinical, affective and behavioural effects of concentrates 

in vulnerable populations. In particular, high-potency cannabis may exacerbate cannabis-

related consequences in vulnerable users, such as adolescents, those exposed prenatally and 

individuals at risk for psychosis. Recent increases in vaping and dabbing of high potency 

formulations in adolescent and other vulnerable populations [154] bring greater potential 
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for adverse effects. Data are needed to evaluate and quantify these developmental and 

clinical processes and assess long-term impacts of concentrate use. Genetically informed, 

prospective studies and biobehavioral studies that quantify short- and long-term THC 

exposure objectively, through well-timed assaying of cannabinoid biomarkers, are critical 

to making strong links among high potency products and developmental risks. For example, 

the ongoing Adolescent Brain and Cognitive Development study (abcdstudy.org), the largest 

longitudinal study of brain development and child health in the USA, is a multi-site effort 

funded by the National Institute on Drug Abuse designed to collect longitudinal and family-

based data that will provide invaluable insight into addressing these questions.

Evaluating chronic effects on dependence and withdrawal

Greater THC exposure, tolerance and CUD have been observed in concentrate users, but 

few studies have evaluated these processes under controlled conditions and while carefully 

matching for frequency of cannabis use. It may be the case that high frequent use of 

cannabis, regardless of the form or potency, is the driver of these associations and this 

question needs to be carefully assessed. In addition, higher levels of withdrawal and 

affective disturbance have also been observed broadly in concentrate users, suggesting 

that concentrate users may experience greater difficulty in achieving cannabis abstinence 

and experience greater withdrawal and negative affect when reducing their use. Cannabis 

withdrawal and related elevated affective symptomatology are directly linked to reuptake of 

cannabis use during quit attempts and are a key contributor to CUD [155], and thus represent 

clinically relevant—but insufficiently-characterised—constructs, in need of considerable 

further study in relation to concentrate use.

The role of CBD in mitigating effects of high potency THC

Given that THC is known to be the putatively harmful component of cannabis and that its 

agonism of the CB1 receptor is thought to underlie many of the intoxicating, impairing and 

negative affect inducing actions of THC [48,52,71,156,157], it has been proposed that a non-

intoxicating agent that weakly agonises CB1 could be useful for mitigating cannabis-related 

harms [158,159]. CBD is a non-psychoactive compound expressed in the Cannabis plant, 

which has a low affinity for CB1, and is thought to exert a number of potentially beneficial 

actions throughout the central nervous system and periphery [160]. Some controlled studies 

in humans suggest that CBD may attenuate the acute negative effects of THC on affect, 

intoxication [161] and cognition [162–165], and may also attenuate the subjective effects 

of THC [166,167]. Conversely, another study found that oral administration of CBD does 

not serve to reduce the subjective or reinforcing effects of THC in smoked cannabis [168]. 

Several other studies have found that Nabiximols, a medication that combines THC and 

CBD in a 1:1 ratio, was effective in reducing cannabis withdrawal, including negative 

affective symptoms, in a sample of individuals with cannabis dependence [169–171]. These 

limited and mixed findings underscore the need for further research on the effects of 

CBD, alone and combination with low potency THC, among concentrate users. Given that 

CBD products are widely available and used in medical and recreational cannabis markets 

throughout the USA, research into the potential for CBD to reduce the harms of high 

potency THC use has particular public health relevance.
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Diversifying concentrate research

Across all domains of human cannabis research, the demographics are largely homogenous, 

favouring young white males. While this review does not make a systematic analysis of 

the proportion of participants by race and sex, the experimental and case study/case control 

studies cited here roughly average 71.8% male and 64.7% white. In a recent JAMA Open 

Network meta-analysis of cannabis use symptoms among 23 518 regular and dependent 

users, the average age of participants was 29.9 years, 69% were male and 72% were 

white [172], despite growing evidence that older adults are increasingly using cannabis. 

These estimates may also not be representative of the true diversity of the work given that 

47.9% of studies did not report ethnicity. The criminalisation of cannabis use has negatively 

affected communities of colour disproportionately, and Black and Hispanic communities in 

particular, and thus may contribute to the lack of research on cannabis among these groups 

[173–178]. One study (89% White) found that cannabis-related stigma was negatively 

associated with willingness to participate in cannabis-related research [179]. While reporting 

results with racial and ethnic categories can be problematic and potentially reinforce racial 

inequity in research, the lack of reporting and representation also perpetuates an evidence 

base, which does not have validity across diverse groups [180,181].

Sex differences among males and females in regard to concentrate use, cannabis withdrawal 

and underlying affective and psychomotor processes have not yet been well-characterised 

[142]. Over the past decade, the prevalence of cannabis use has doubled in women [133], 

suggesting that women as a demographic group have evidenced important changes in 

cannabis use during a key period of shifting policy and legal availability of cannabis. 

Translational studies are needed to explore the potential for a stronger ‘telescoping effect’ 

to CUD and the potential for increased withdrawal severity in female concentrate users. 

Further, there is particular need for additional research regarding sex differences in 

psychiatric comorbidities. Overall, the historic criminalisation of cannabis use for Black, 

Indigenous and people of colour groups in combination with the tendency for biomedical 

research to underrepresent females and people of colour has likely contributed to a lack 

of diverse representation in cannabis research. These issues point to the need for cannabis 

research to become more inclusive across ethnicity and sex, which would greatly improve 

the validity and generalisability of any findings.

Conclusion

Policy makers, scientists and the public currently are in need of high quality, well-controlled 

scientific studies to quantify and understand the potentially harmful effects of high THC 

concentrate cannabis products that are growing in popularity. At present, we do not have 

sufficient data to make accurate conclusions about the severity of risks of these products. 

Gaps in the literature on their acute and long-term effects on human health need to be 

addressed in order to generate information about the effects of concentrates, in particular 

whether, and which forms, of these products are most harmful. Mechanistic and preclinical 

work with direct translational implications are also needed to advance the science of 

cannabis concentrates. An evidence base clearly describing the potential harms of specific 
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compositions of concentrates and underlying neurobiological and behavioural mechanisms 

of their effects is critical to harm reduction efforts.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. 
Extraction, production and administration of cannabis concentrates. In solvent-based 

extractiona (‘Solvent-based extraction’ box), liquid butane passes through organic plant 

material and is then either extracted or evaporated from the solution, resulting in a high 

concentration of THC. Increasingly the cannabis industry is moving towards ‘solventless’ 

extraction (‘Solventless extraction’ box), in which plant matter is agitated then sifted 

through various filters with the use of cold water, isolating high potency plant rosins that 

are then pressed between two heated plates. Concentrates can be administered (‘Modes of 

administration’ box) orally (sublingual) or via inhalation using a water pipe or vaporiser. 
aDespite the fact that water is in fact an inorganic solvent, extraction methods that utilise 

water as opposed to a hydrocarbon solvent are nonetheless referred to as ‘solventless’ by 

industry standard.
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