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Abstract
Background
Relapse rates in Anorexia Nervosa (AN) remain high, warranting exploration of further treatments. Cannabinoid agonists are of interest as they have shown successful outcomes in the treatment of associated conditions, such as post-traumatic stress disorder. This scoping review explores the endocannabinoid system (ECS), benefits/harms/null effects of cannabinoid treatment, and harms of cannabis use in AN.

Methods
PubMed, PsycINFO, Cochrane, and Web of Science were searched for studies published between 2010 and August 2023, with human participants that explored the ECS, cannabinoid treatment, or cannabis use, and included 1 or more keywords for both cannabis and AN in the title and or abstract. Reports describing secondary anorexia, reports not available in English, grey literature, reports combining data from AN with other conditions, and reports only reporting the prevalence of cannabis abuse/dependence were excluded. Data were extracted from 17 reports (n = 15 studies). For the ECS, outcomes included genetics such as allele expression related to the ECS, cannabinoid receptor availability, and circulating levels of endocannabinoids. For benefits/harms/null effects of cannabinoid treatment, outcomes included changes in weight, eating disorder (ED) symptoms, physical activity (PA), and hormones. For harms of cannabis use, outcomes included genetics related to cannabis use disorder and associations between cannabis use and ED symptoms.

Results
Eight studies (n = 8 reports) found abnormalities in the ECS in AN including expression of related alleles, genotypes, and haplotypes, availability of cannabinoid receptors, and levels of endocannabinoids. Three studies (n = 5 reports) found benefits/harms/null effects of cannabinoid treatment. Benefits included weight gain, improved ED symptoms and reduced PA, while null effects included no changes in weight or ED symptoms, and harms included increased PA and lowered adipose hormones. Four studies (n = 4 reports) expanded upon harms of cannabis use, including genetic predispositions to cannabis use disorder, and compensatory behaviors related to cannabis use.

Conclusion
Limited evidence suggests that abnormalities in the ECS in AN may render cannabis a potential treatment for weight restoration and associated symptoms. Future research may wish to investigate individualized dosing approaches to maximize beneficial effects while minimizing harms.
Level II Evidence: Scoping Review.
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Plain English summary
Anorexia Nervosa (AN) affects people from various backgrounds causing notable physical and mental impairments. A recovery process that is successful for everyone who has the condition does not exist. Due to high relapse rates in AN, exploring further treatments is imperative. Cannabis has shown promise in treatments of other psychiatric disorders, some of which also occur in those with AN; thus, an overview of the available research is warranted. This scoping review presents results from studies about the relationship between cannabis and AN. Results suggest that individuals with AN have abnormalities in a biological system that interacts with cannabis, proposing the potential usefulness of cannabis for recovery. Although some studies reported benefits of cannabis for AN, including weight gain, improved eating disorder (ED) symptoms, and reduced physical activity (PA), other studies suggested no changes in weight or ED symptoms, increased PA, and worsened appetite hormone levels. Lastly, some studies suggested that individuals at higher risk of developing AN may be at greater risk for developing cannabis use disorder, and that cannabis use may be associated with ED symptoms. Future studies should examine individualized dosing of cannabis in AN to maximize benefits and minimize harms.
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	IGF
	Insulin-like growth factor
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Background
Anorexia nervosa (AN) is a life-threatening eating disorder (ED) with high relapse rates [1]. Given the uncertain ability of current psychiatric treatments to fully address AN symptoms, exploring alternative treatments is warranted. [2]. Current treatment options for AN include psychotherapy (e.g., cognitive-behavioral therapy) and pharmacotherapy (e.g., antidepressants and antipsychotics) [3]. Although these treatment options have brought upon beneficial outcomes such as weight gain and reduced urge for compensatory behaviors, they do not appear to completely address the disturbances in appetite during AN recovery. For example, appetite signals may be distorted in AN during and after treatment [4, 5].
Cannabinoids, the chemical components of the cannabis plant, are of interest for AN as they not only have the potential to increase appetite, but also reduce anxiety [6, 7]. Cannabinoids have also been associated with improved symptoms of co-occurring conditions of AN, such as post-traumatic stress disorder [7]. Thus, further exploration of cannabinoids is warranted for AN treatment.
Cannabinoids bind with receptors located throughout the central and peripheral nervous systems, where they carry out psychological and physiological functions such as reduced anxiety, appetite stimulation, and pain relief [6]. The 2 most well-understood cannabinoids are ∆9-tetrahydrocannabinol (∆9-THC) and cannabidiol (CBD) [8]. ∆9-THC is responsible for the psychoactive effects of cannabis and has effects on mood, appetite, pain, and memory [7]. CBD can reduce anxiety, inflammation, and nausea, and can protect neuronal cells. ∆9-THC and CBD bind with cannabinoid receptors located in the endocannabinoid system (ECS) to carry out these functions [9]. The ECS is a lipid communication network that plays roles in several psychological and physiological processes. Cannabinoid receptors (CB1 and CB2) are G-protein coupled receptors within the ECS that allow for the binding of ∆9-THC, CBD, and naturally occurring circulating endocannabinoids. The 2 most well-understood endocannabinoids are N-arachidonoylethanolamine (AEA), and 2-arachidonoylglycerol (2-AG). Both AEA and 2-AG are derived from polyunsaturated fatty acids and play major roles in the brain. Studies have found that EDs are associated with abnormalities in the ECS and therefore, have been suggested to serve as a potential biomarker [10].
The CB receptors are located throughout central and peripheral points such as the hypothalamus, ultimately playing roles in food intake [11]. Consequently, the ECS influences one’s appetite and pleasure associated with eating. As mentioned previously, there is evidence suggesting a dysregulation of appetite signaling in AN, leading to difficulties meeting caloric needs during recovery [4, 5]. Thus, cannabinoid treatment may assist in AN recovery as cannabinoids interact with the ECS, and may modify abnormalities, ultimately improving appetite regulation and caloric intake [9, 10].
When considering cannabinoid treatment for AN, it is important to consider potential adverse outcomes. Cannabis is a psychoactive substance and unhealthy use is possible. A recent meta-analysis found that substance use disorders are prevalent amongst individuals with AN which may pose risks of dependence when considering cannabinoid treatment [12]. Indeed, this meta-analysis found a 6% prevalence of cannabis abuse/dependence in those with AN, with most individuals falling under the binge/purge AN subtype. Adverse effects of cannabis use, which may exist beyond abuse and dependence, should be considered. For example, long-term cannabis use has been associated with a cyclic vomiting condition known as cannabinoid hyperemesis syndrome (CHS) [13]. Exploring adverse effects of cannabis such as CHS is warranted as it may inform safer practices when initiating cannabinoid treatment for those with AN.
An existing review regarding cannabinoid treatment in AN was limited to randomized controlled trials (RCTs) and did not include information about the ECS and harms associated with cannabis use [14]. Reviewing all levels of evidence exploring cannabinoid treatment in AN is warranted as findings from studies other than RCTs may prompt development of hypotheses for future research. Furthermore, reviewing studies exploring the ECS and harms associated with cannabis use may suggest biological justification for treatment and inform safer practices regarding cannabinoid interventions for AN. For these reasons, the purpose of this scoping review is to provide an overview of literature addressing the following questions: 1.) What are the differences between the ECS in participants with AN and healthy controls (HC)? 2.) What are the benefits/harms/null effects of cannabinoid treatment for AN? and 3.) What are the harms associated with cannabis use in individuals with AN?

Methods
Guidelines
The Joanna Briggs Institute guidelines were used to complete this scoping review [15]. To ensure the adherence to these guidelines, the Preferred Reporting Items for Systematic Reviews and Meta-Analyses extension for Scoping Reviews (PRISMA-ScR) checklist [16] was used and can be found in the Additional file 1. Screening of records and full-text reports, data extraction, and data analysis were completed by CIR.

Literature retrieval
PubMed, PsycINFO, Cochrane Library, and Web of Science databases were searched for peer-reviewed literature describing relationships between cannabis and AN. Each search was conducted until August 1st, 2023 and included reports published between the years 2010–2023. Full searches used for each database can be found in the Additional file 2. Although the full searches for each database differed slightly due to the availability of Medical Subject Headings (MeSH terms) in some databases and not others, all searches contained the same keywords. Duplicates were identified and removed using Zotero software. Titles and abstracts were screened, and either accepted or eliminated according to inclusion/exclusion criteria.
The Population, concept, and context (PCC) statements were used to guide the inclusion of reports [15]. For this scoping review, the population consisted of humans with AN, the concept consisted of the ECS, benefits/harms/null effects of cannabinoid treatment, and harms associated with cannabis use, with a context open to any setting. To be considered eligible, reports had to include human participants, explore the ECS in AN, cannabinoid treatment in AN, or harms associated with cannabis use in AN, and include 1 or more keywords for both cannabis and AN in the title and or abstract. A complete list of keywords can be found in Table 1. Studies describing secondary anorexia, reviews, studies including animal models, studies written in languages other than English, grey literature, studies combining data from individuals with AN with data from individuals with other psychiatric disorders (including EDs other than atypical AN such that data specific to AN could not be extracted) and studies reporting the prevalence of cannabis abuse/dependence without presenting additional harms were excluded. For further details regarding the included/excluded reports, refer to the PRISMA-ScR diagram in Fig. 1.Table 1Keywords


	Keywords for Cannabis
	Keywords for AN

	• Cannabis
• Dronabinol
• Cannabinol
• Marinol
• ∆9-Tetrahydrocannabinol
• Cannabidiol
• THC
• CBD
• Cannabinoids
• Marijuana
• Endocannabinoids
• Endocannabinoid system
• ECS
• Cannabinoid receptors
• Cannabinoid receptor 1
• Cannabinoid receptor 2
• CB1
• CB2
• Arachidonoylglycerol
• Anandamide
• Oleoylethanolamide
• Palmitoylethanolamide
• Cannabis abuse
• Cannabis use disorder
• CUD
• Cannabis dependence
• Marijuana abuse
• Marijuana dependence
• Cannabis harms
• Cannabis adverse effects
• Cannabis negative effects
	• Primary anorexia
• Anorexia nervosa
• Anorexia
• Atypical anorexia nervosa
• Atypical anorexia
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Fig. 1PRISMA-ScR diagram



Data extraction
Data relevant to the research questions were extracted from each report. Tables 2 and 3 include the following information from each report: study design, participant characteristics, methods (indicating the use of controls if applicable) and results relevant to the research questions.Table 2Endocannabinoid system


	Authors (year)
	Study design
	Participants
	Methods, Interventions, and observations
	Outcomes of Interest

	Ishiguro et al., 2011 [17]
	Case–control
	235 AN, 1244 HC (all female)
	Observed single-nucleotide polymorphisms related to circulating endocannabinoids from blood samples
	• Val195 allele of GPR55 was more frequent in AN compared to HC (odds ratio = 1.30, 95% Cl: 1.02–1.66, p < 0.04)

	Ando et al., 2014 [18]
	Case–control
	376 RAN, 387 BPAN, and 605 HC (all female)
	Extracted genomic deoxyribonucleic acid related to circulating endocannabinoids from blood samples
	• 385A allele was less frequent in AN compared to HC (odds ratio = 0.799, 95% CI 0.653–0.976, p = 0.028)
• 385A allele was less frequent in RAN compared to BPAN (odds ratio = 0.717, 95% CI: 0.557–0.922, p = 0.0094)

	González et al., 2021 [19]
	Case–control
	221 AN, 396 HC (all female)
	Screened single-nucleotide polymorphisms in CB1 & 2 from blood samples. Measured Symptom Checklist 90 Revised, Eating Disorders Inventory Test-2, and qualitative questionnaires
	• genotype rs806369-TT and haplotype​ rs806368/rs1049353/rs806369 of CB1 were associated with lower weight in AN (40.55 ± 1.61 kg, vs. 45.47 ± 0.49 kg, mean difference = -4.92 kg, 95% CI: –7.74, – 1.46, p = 0.004) and BMI (16.09 ± 0.44 kg/m2, vs. 17.47 ± 0.15 kg/m2, mean difference = -1.38 kg/m2, 95% CI: -2.23, -0.33, p = 0.008)
• rs806374 of CB1 were associated with ED behaviors in AN (98.89 ± 4.90 vs. 83.93 ± 4.18, mean difference = – 14.96, 95% CI: – 26.820, – 1.710, p = 0.027)
• rs3003335 and rs6658703 of CB2 were associated with ED behaviors in AN (87.13 ± 3.66 vs. 104.69 ± 6.61, mean difference = 17.56, 95% CI: 2.153, 32.220, p = 0.026)

	Gérard et al., 2011 [20]
	Cross-sectional
	14 AN, 19 HC (all female)
	Performed positron emission tomography imaging to assess CB1 availability. Measured Eating Disorders Inventory Test and Eating Disorder Evaluation Scale
	• CB1 availability was significantly higher in AN compared to HC (+ 24.5%, p = 0.0003; see Gérard et al. Figure 2B for supporting statistical values)
• Positive association between CB1 availability and drive for thinness in AN (correlation coefficient = 0.86, p = 0.001)

	Tam et al., 2021 [21]
	Combined cross-sectional longitudinal
	67 in UWAN state, 27 in WRAN state, 84 HC (all female)
	Measured levels of endocannabinoids through hair samples in all participants during the cross-sectional period (T1). Levels of endocannabinoids were measured again in the longitudinal period (T2) in participants in UWAN who experienced ≥ 12% increase in BMI
	AEA:
• Elevated in UWAN (p = 0.021) and WRAN (p = 0.006) compared to HC in T1
• Decreased in UWAN during T2 compared to T1 (p = 0.022)
2-AG:
• NS differences in T1 or T2 between groups
OEA:
• Elevated in UWAN compared to HC in T1 (p = 0.003)
• Decreased in UWAN during T2 compared to T1 (p = 0.018)
PEA;
• Elevated in UWAN compared to HC in T1 (p = 0.018)
• Decreased in UWAN during T2 compared with T1 (p = . 028)
SEA:
• Elevated in UWAN compared to WRAN in T1 (p = 0.018)
• Elevated in UWAN compared to HC in T1 (p < 0.001)
• Decreased in UWAN during T2 compared with T1 (p = 0.018)
*See Tam et al. Figure 2 for supporting statistical values

	Monteleone et al., 2015 [22]
	Pre-meal/Post-meal study
	7 in UWAN state [1 women, 6 man], 7 in WRAN state [2 women, 5 men], 7 HC [2 women, 5 men]
	Measured levels of endocannabinoids through plasma after a 13-h fasting period, and 15 min and 120 min after eating for both hedonic and non-hedonic foods
	AEA:
• Progressively decreased after eating both foods (F [3, 18] = 17.99, p < ​​0.00001) consistent in all groups
2-AG:
• NS differences in UWAN
• Progressively increased after eating both hedonic and non-hedonic foods in WRAN (See Monteleone et al. Figure 2 for supporting statistical values)
• Progressively decreased after eating hedonic foods compared to non-hedonic foods in HC (See Monteleone et al. Figure 2 for supporting statistical values)
OEA:
• Lower after eating hedonic foods compared to non-hedonic foods (F [1, 18] = 6.30, p = 0.02) consistent in all groups
PEA:
• Progressively decreased after eating hedonic and non-hedonic foods (see Monteleone et al. Figure 5 for supporting statistical values) consistent in all groups

	Piccolo et al., 2019 [23]
	Pre-meal/Post-meal study
	15 in UWAN state, 10 in WRAN state, 9 HC
*Gender/sex not reported
	Measured levels of endocannabinoids through plasma after an 8-h fasting period, and 120 and 240 min after eating
	AEA:
• Lower in AN compared to HC at all time points (5.83 ± 0.44 pmol/ml vs. 2.85 ± 0.34 pmol/ml, p < 0.001)
• Elevated in UWAN & WRAN during fasting (4.69 ± 0.73 pmol/ml vs. 2.85 ± 0.34 pmol/ml and 4.64 ± 0.51 pmol/ml vs. 2.81 ± 0.22 pmol/ml, p < 0.001)
• Elevated in UWAN & WRAN after 240 min (1.70 ± 0.26 pmol/ml vs. 2.85 ± 0.34 pmol/ml and 1.48 ± 0.30 pmol/ml vs. 2.81 ± 0.22 pmol/ml, p < 0.05)
2-AG:
• NS differences between participants or time points

	Baenas et al., 2023 [24]
	Cross-sectional
	27 AN, 29 HC (all women)
	Measured levels of endocannabinoids through plasma after a 12-h fasting period
	AEA:
• NS differences in AN compared to HC
• Lower levels were associated with higher BMI and higher emotional dysregulation in AN
2-AG:
• NS differences in AN compared to HC
• Higher levels were associated with worsened psychopathological states in AN


*CI = Confidence intervals; p < 0.005 = Significant; NS = Not Significant; RAN = Restrictive type AN; BPAN = Binge/purge type AN; UWAN = Underweight AN; WRAN = Weight restored AN; T1 = Cross-sectional period; T2 = Longitudinal period; BMI = Body mass index


Table 3Benefits/harms/null effects of cannabinoid treatment & harms of cannabis use


	Author/year
	Study design
	Participants
	Methods, interventions, & observations
	Outcomes of interest

	Andries et al., 2014 (a) [27]
	Crossover RCT (Parent Trial)
	24 women with AN
	Participants were divided into 2 groups and given either 5 mg of dronabinol per day for 4 weeks or a placebo. After a 4-week break period, participants received the opposite intervention for 4 weeks. Measured weight weekly and Eating Disorder Inventory scores during the 1st and 4th week of each intervention period
	Benefits:
• Weight gain of 1.00 kg (95% CI: 0.40–1.62) during dronabinol vs. 0.34 kg (95% CI: 29.14-0.82) during placebo (p = 0.03 above placebo)
Harms/Null Effects:
• NS differences in eating disorder inventory scores

	Andries et al., 2014 (b) [28]
	Report from Andries et al., 2014 (a) Parent Trial
	24 women with AN
	Reported intensity and duration of PA measured through accelerometers worn by participants daily
	Harms/Null Effects:
• Increased moderate to hard PA intensity during dronabinol compared to placebo in inpatients (3,958.3 ± 789.2 accelerometer counts per minute vs. 3,732.6 ± 936.1 accelerometer counts per minute respectively, p = 0.04)
• NS differences in PA intensity in outpatients
• NS differences in PA duration in inpatients
• Increased moderate to hard PA duration during dronabinol compared to placebo in outpatients (0.9 ± 0.6 h/day vs. 0.8 ± 0.6 h/day respectively, p = 0.02)

	Andries et al., 2015 [29]
	Report from Andries et al., 2014 (a) Parent Trial
	24 women with AN
	Reported bioactive IGF, IGF-1, IGFBP-2 and -3, leptin, and adiponectin measured through overnight fasted serum and cortisol measured through 24-h urine samples on the last day of each intervention period
	Harms/Null Effects:
• NS changes in bioactive IGF, IGF-1, or IGFBP -2/-3
• NS changes in leptin after controlling for age, weight, and cortisol
• Decreased adiponectin (naturally transformed regression coefficient: -0.07, 95% CI: -0.11 to 0.04, p < 0.01) in a model including leptin during dronabinol
• Decreased cortisol during dronabinol (naturally transformed regression coefficient: -0.19, 95% CI: -0.37 to 0.05, p = 0.04)

	Avraham et al., 2017 [30]
	Non-randomized study
	10 females with AN
	All participants received 1 mg THC for 1 week, then 2 mg THC for 3 weeks. Measured BMI, Eating Disorder Inventory, Eating Attitude Test, Beck Depression Inventory, Body Shape Questionnaire, and Spielberger State-Trait Anxiety Inventory at baseline and at the end of the intervention period
	Benefits:
• Decreased asceticism (10.00 ± 2.46 vs. 7.06 ± 1.61, p = 0.049)
• Decreased depression (3.12 vs. 2.50, p < 0.049)
• Increased body care (19.22 ± 1.87 vs. 20.22 ± 1.79, p = 0.02)
Harms/Null Effects:
• NS changes in BMI
• NS changes in anxiety

	Graap et al., 2017 [31]
	Case report
	1 male with AN
	7.5–15 mg dronabinol (increased dose weekly) during a 6-week period. Measured BMI weekly, steps through a pedometer daily, PA urge through a subjective 0–6 scale daily, Eating Disorder Examination questionnaire at baseline and at the end of the intervention, and leptin and cortisol through dexamethasone-suppression-tests at baseline and at week 5 of the intervention
	Benefits:
• Weight gain after dronabinol (BMI 19.5 kg/m2 pretreatment vs 21.0 kg/m2 posttreatment)
• Decreased ED symptoms after dronabinol (sum score 5.2 pretreatment vs. 2.0 posttreatment)
• Decreased PA levels after dronabinol (32,510 steps per day pretreatment vs. 17,493 steps per day posttreatment)
• Decreased PA urge after dronabinol (average urge to move rating of 5 pretreatment vs. 3.5 posttreatment)
Harms/Null Effects:
• No changes in leptin
• Dcreased cortisol levels during dronabinol (1.7 mg/dL pretreatment vs. < 1.0 mg/dL posttreatment)

	Hjorthøj et al., 2019 [35]
	Retrospective cohort study
	*Number of participants with AN could not be determined
	Investigated polygenic risk scores for AN and CUD from participants followed from birth (between years 1981–2001) until 2017
	Harms:
• Highest polygenic risk scores for AN were associated with CUD (Hazard Ratio = 1.41, 95% CI 1.27–1.56)

	Ihm et al., 2023 [36]
	Retrospective cohort study
	16,992 individuals with AN, 55,525 HC
*Gender/sex could not be determined
	Investigated polygenic risk scores for AN and CUD from participants recruited between 2006–2010
	Null effects:
• NS interconnections between the polygenic risk scores for AN and polygenic risk scores for CUD

	Brewerton et al., 2016 [37]
	Case report
	1 Woman with BPAN
	Patient presented to a treatment center with AN relapse symptoms. A urinary drug test, physical exam, mental status exam, and laboratory analysis was taken upon admission
	Harms:
• Patient reported using cannabis daily for at least 1 year and chronically for at least 7 years
• Patient reported vomiting, which was originally mistaken as a relapse
• Patient reported relief in vomiting symptoms after hot showers, which lead to the diagnosis of CHS

	Karayilan et al., 2013 [38]
	Case report
	1 Woman with BPAN
	Patient presented to a treatment center with weight loss, restrictive eating, and nervosity. Physical examination and review of life and medical history were taken upon admission
	Harms:
• Patient reported using cannabis daily for about 3 years
• Decrease in BMI over the course of 3 years of daily cannabis use (22.08 kg/m2 at the start of cannabis use vs 15.6 kg/m2 after 3 years)
• Patient reported engagement in postprandial compensatory behaviors after using cannabis


*CI = Confidence intervals; p < 0.005 = Significant; NS = Not significant; IGF = Insulin-like growth factor; IGFBP = Insulin-like growth factor binding protein; BMI = Body mass index; BPAN = Binge/purge type AN




Data analysis
Included reports were first grouped by topic (i.e., the ECS, benefits/harms/null effects of cannabinoid treatment, or harms of cannabinoid use). Data from each report were further grouped by outcomes to highlight similarities and discrepancies between results.


Results
Endocannabinoid system
Eight reports from 8 studies investigated the ECS in individuals with AN [17–24]. Study designs ranged from case control, combined cross-sectional longitudinal, pre-meal/post-meal, and cross-sectional, with sample sizes ranging from 14 to 763 participants with AN and 7 to 1244 healthy controls (HC). Most participants were female or identified as women, except for 5 participants who identified as men. One study did not report participants’ gender/sex [23]. Outcomes of interest included genetic factors related to the ECS (alleles, genotypes, and haplotypes) which code for CB receptors, and circulating endocannabinoids. Further details about these reports can be found in Table 2.
Since genetic factors such as alleles and genotypes code for protein receptors in the ECS, differences in these genetic factors may lead to discrepancies in the number of available protein receptors. Three case–control studies explored alleles, genotypes, or haplotypes related to the ECS. One study found that the Val195 allele of G-protein-coupled receptor-55, which has an affinity for endocannabinoids, was significantly more frequent in participants with AN compared to HC [17]. Another study found that the 385A allele, which codes for an enzyme that degrades the endocannabinoid, arachidonoylethanolamine (AEA) was significantly less frequent in AN compared to HC [18]. The remaining study found that in participants with AN, the genotype rs806369-TT and haplotype​ rs806368/rs1049353/rs806369 of CB1 were associated with significantly lower weight and body mass index (BMI) compared to HC [19]. Additionally, the genotypes of rs806374 for CB1 and rs3003335 and rs6658703 for CB2 were associated with significantly higher occurrences of ED behaviors compared to participants with AN not carrying said genotypes.
It has been suggested that circulating endocannabinoids play roles in food intake, energy expenditure, and possibly engagement in ED behaviors [11, 21–23]. Both availability of receptors (the percentage of receptors that are unbound) to which circulating endocannabinoids bind and levels of circulating endocannabinoids are important to consider. One cross-sectional study found that CB1 availability was significantly increased in AN and positively associated with drive for thinness [20].
Understanding circulating endocannabinoid levels in those with AN are important to determine whether exogenous cannabinoid treatment may be able to ameliorate symptoms of the disorder. Circulating endocannabinoid levels were measured in participants with AN through plasma or hair samples in 1 combined cross-sectional longitudinal study, 2 pre-meal/post-meal studies, and 1 cross-sectional study [21–24]. Endocannabinoids measured included AEA, 2-arachidonoylglycerol (2-AG), Oleoylethanolamide (OEA), palmitoylethanolamide (PEA), and Stearoylethanolamide (SEA) which are naturally occurring and circulate within cells, adipose tissue, muscles, and the brain [25].
Because endocannabinoids are related to food intake, levels could change in relationship to consumption and whether the food is liked (hedonic) or not liked (non-hedonic) [26]. Both pre-meal/post-meal studies accounted for time since meals, 1 of which also accounted for differences in hedonic/non-hedonic eating [22, 23]. Three out of the 4 studies categorized participants with AN as underweight (UWAN) or weight restored (WRAN) [21–23].
All 4 studies measured AEA, 2 of which found significant differences between AN and HC. One study found significantly elevated AEA in UWAN and WRAN compared to HC [21] while the other found significantly lower AEA in UWAN and WRAN compared to HC [23]. Another study found consistently lower AEA after eating both hedonic and nonhedonic foods compared to fasting periods in both AN and HC [22]. Lower AEA in AN was associated with higher BMI and higher emotional dysregulation in a separate study [24].
All 4 studies measured 2-AG, 1 of which found significant differences between WRAN and HC [22]. In WRAN, 2-AG was significantly elevated after eating both hedonic and non-hedonic foods compared to fasting periods. HC showed significantly lower 2-AG after eating hedonic foods compared to non-hedonic foods. In a separate study, higher 2-AG was associated with poorer psychological states in those with AN [24].
Only 2 studies measured OEA, 1 of which found significantly elevated OEA in UWAN compared to HC [21]. When these participants in UWAN became weight restored, they showed significantly lower OEA compared to their baseline, indicating the possibility that OEA levels may begin to present similar to HC upon weight restoration. The other study found significantly lower OEA after eating hedonic foods compared to non-hedonic foods, which was consistent for those with AN and HC [22].
PEA was measured in 2 studies, 1 of which found significantly elevated PEA in UWAN compared to HC [21]. When these participants in UWAN became weight restored, they showed significantly lower PEA compared to results from when they were underweight, indicating the possibility that levels of PEA may begin to present similar to HC with weight restoration. The other study found significantly lower PEA after eating both hedonic and non-hedonic foods compared to fasting periods, which was consistent in AN and HC [22].
Only 1 study measured SEA and found significantly elevated SEA in UWAN compared to WRAN and HC [21]. Further, UWAN showed significantly lower SEA upon weight restoration compared to their baseline, indicating the possibility that SEA may begin to present similar to HC upon weight restoration.

Benefits/harms/null effects of cannabinoid treatment
Five reports from 3 studies including 1 crossover randomized controlled trial (RCT), 1 non-randomized study, and 1 case report explored cannabinoid treatment [27–31]. Cannabinoids were administered through capsules of THC or dronabinol, a synthetic form of THC [32]. Treatment dosages used in these reports ranged from 2 to 15 mg and length of intervention was between 4 and 6 weeks. Sample sizes ranged from 1 to 24 participants who were female or identified as women, except for 1 male from a case report. Outcomes measured included weight, ED symptoms, physical activity (PA), and adipose tissue hormones [27–31]. Further details about these reports can be found in Table 3.
Both the crossover RCT and case report observed weight gain in participants with AN treated with dronabinol [27, 31]. When participants from the crossover RCT received 5 mg treatment, they gained an average of 1 kg over 4 weeks, but only gained an average of 0.34 kg over 4 weeks when they received a placebo (p = 0.03 for difference) [27]. In the case report, the participant’s BMI increased from 19.5 to 21.0 kg/m2 over 6 weeks of 15 mg treatment [31]. On the other hand, the non-randomized study did not find significant weight changes after 2 mg treatment lasting 4 weeks [30].
The non-randomized study and case report observed improved ED symptoms in participants with AN during cannabinoid treatment [30, 31]. Participants from the non-randomized study reported significantly reduced ascetism and increased body care using the Eating Disorder Inventory and Eating Attitude Test, and significantly reduced depression using Beck Depression Inventory during 4 weeks of 2 mg treatment [30]. The participant from the case report reported reduced ED symptoms from items included in the Eating Disorder Examination Questionnaire over 6 weeks of 15 mg treatment [31]. Contrary to these findings, the crossover RCT found no significant changes in ED symptoms using the Eating Disorder Inventory-2 and the non-randomized study reported no significant changes in anxiety using the Spielberger State-Trait Anxiety Inventory, one of which involved 5 mg treatment lasting 4 weeks [27], while the other involved 2 mg treatment lasting 4 weeks [27, 30].
PA levels are often elevated in those with AN and contribute to maintenance of low weight status [33]. The crossover RCT found significant differences in PA during 5 mg treatment lasting 4 weeks based upon whether participants were inpatients or outpatients [28]. Dronabinol resulted in significant increases in the duration of PA in outpatients and significant increases in the intensity of PA in inpatients [28]. Conversely, in the case report, the participant’s PA urge and number of steps taken per day decreased during 15 mg treatment lasting 6 weeks [31].
Altered adipose tissue hormones, including, low leptin levels, low cortisol levels, high adiponectin levels, and low insulin-like growth factor (IGF) proteins are common in individuals with AN [34]. Both the crossover RCT (5 mg treatment lasting 4 weeks) and case report (15 mg treatment lasting 6 weeks) found no changes in leptin and an increase in cortisol during dronabinol treatment [29, 31]. Only the crossover RCT (5 mg treatment lasting 4 weeks) measured adiponectin and IGF proteins and found significantly lowered adiponectin when controlling for leptin levels and no significant changes in IGF proteins [29].
Benefits of cannabinoid treatment included weight gain, reduced ED symptoms, and reduced PA [27, 30, 31]. However, null effects/harms were also observed, including no changes in weight, ED symptoms, or adipose tissue hormones, and increased PA [27–31].

Harms of cannabis use
Four reports from 4 studies (2 retrospective cohort studies and 2 case reports) reported harms associated with cannabis use in AN [35–38]. Both participants from the case reports identified as women while the gender/sex breakdown of participants with AN could not be determined from the data included in the retrospective cohort studies. Sample sizes ranged from 1 to 16,922 participants, although the exact sample size of participants with AN from one of study could not be determined [35]. Outcomes of interest included genetic factors related to cannabis use disorder (CUD) in AN and associations between compensatory behaviors and cannabis abuse/dependence. Further details about these reports can be found in Table 3.
Two retrospective cohort studies assessed polygenic risk scores (PRS) for AN and CUD, 1 of which found that the highest PRS for AN were significantly associated with a higher risk of CUD [35], while the other did not find significant associations between PRS for AN and PRS for CUD [36].
Two case reports, each involving 1 participant with binge/purge type AN reported compensatory behaviors following cannabis use [37, 38]. One of these participants was using cannabis daily for at least 7 years [37], while the other participant was using cannabis daily for at least 3 years [38]. One participant presented to a treatment facility and was found to be suffering from cannabinoid hyperemesis syndrome (CHS), a condition associated with long term cannabis use causing recurrent vomiting [13, 37]. Although the other participant did not have CHS, appetite stimulation from cannabis appeared to encourage the participant to engage in postprandial compensatory behaviors to maintain low weight status, which was supported by a reduced BMI over the span of 3 years of daily use [38].


Discussion
This scoping review presents results from literature examining differences in the ECS between those with AN and HC, the benefits/harms/null effects of cannabinoid treatment on AN symptoms, and harms of cannabis use for those with AN. A range of study designs were represented: crossover RCT, non-randomized trial, retrospective cohort, case control, combined cross-sectional longitudinal, pre-meal/post-meal, cross-sectional, and case report.
Endocannabinoid system
Studies that explored the ECS showed differences in genetic factors such as alleles that code for receptors within the ECS in AN, higher availability of the CB1 receptor in AN, and differences in levels of circulating endocannabinoids in AN compared to HC [17–24]. Furthermore, some studies found associations between abnormally elevated/lowered receptors and endocannabinoids and AN symptoms, such as lower weight and higher emotional dysregulation [20, 24]. Together, these findings propose the possibility that the ECS may be involved with the pathophysiology of AN (based on n = 14–763 participants with AN). Studies included in this review align with an existing review which propose that components of the ECS may serve as a possible biomarker for AN [10]. However, the current state of the research does not point to one particular biomarker in the ECS due to inconsistencies between studies and their results. For example, 1 study that explored circulating endocannabinoids found elevated levels of AEA [21] while others found lowered levels of AEA in AN compared to HC [22, 23]. This and other inconsistencies are likely attributable to differences in methodology, as some studies controlled for factors such as time since last meal or hedonic eating, both of which impact circulating endocannabinoid levels [26], while others did not. Therefore, controlling for these and other factors are important considerations for future research. Longitudinal designs that follow participants with AN throughout weight restoration are needed to understand changes in endocannabinoid levels, as data from 1 study proposed the possibility that endocannabinoids begin to approach levels similar to that of HC once weight is restored (based on n = 67 participants falling under the UWAN category) [21]. Given this proposed relationship between weight changes and endocannabinoids, future studies might consider measuring endocannabinoids in individuals with AN and atypical AN. Although individuals with atypical AN fall within BMI categories of normal or above, they have experienced significant weight loss, the same psychological symptoms, and may also experience physiological manifestations of AN [39]. The question of whether endocannabinoids in atypical AN differ from AN and HC, and if they change during recovery is a fertile avenue for future research.

Benefits/harms/null effects of cannabinoid treatment
Cannabinoid treatment was associated with beneficial effects for AN, including weight gain, improved ED symptoms, and reduced PA urge; however, harms/null effects such as increased PA, were also associated with treatment [27–31]. The dose range of cannabinoid treatment (2–15 mg), could be a contributor to inconsistencies between studies and their results. In some instances, both lower dosages and higher dosages showed similar results. Both a study that administered 2 mg [30] and a study that administered 15 mg [31] found reduced ED symptoms. In other instances, dosages within similar ranges showed different results. A study that administered 2 mg [30] found no changes in weight while a study that administered 5 mg [27] found significant weight gain. Sample sizes used in treatment studies ranged from 1–24 participants. Inconsistent findings could be attributable to insufficient power to detect an effect in the case of null findings, or a wide variability of individual differences in response to cannabinoids. It is possible that individualized dosing is needed to maximize beneficial effects and minimize harmful effects.
Individualized dosing should consider cannabinoids’ effects. THC is known to promote appetite which can be helpful for weight gain in individuals with AN [7]. However, in excess, THC can induce anxiety, which would be counterproductive for AN recovery [40]. This may lead to the assumption that low doses of THC/dronabinol would show the best results for AN (i.e., appetite stimulation without anxiety). Indeed, the lowest dose of THC/dronabinol used for AN was 2 mg, which was associated with reduced ED symptoms [30]. However, the highest dose of THC/dronabinol used for AN was 15 mg, which was also associated with reduced ED symptoms [31]. Given these data, the question of whether THC affects individuals differently based on characteristics that have not yet been explored is a fertile avenue for future research. Of note, none of the studies included in this scoping review administered the other major cannabinoid, CBD. CBD is known to reduce anxiety, which is a symptom of AN [40, 41]. In combination with CBD, THC may induce appetite without worsening anxiety, which would be ideal for AN. Future studies may wish to consider the benefits and risks of both THC and CBD, to optimize positive outcomes for AN.

Harms of cannabis use
Literature regarding harms associated with cannabis use puts forth the possibility that individuals who are genetically predisposed to developing AN may also be genetically predisposed to developing CUD [35]. Additionally, cannabis use may contribute to engagement in compensatory behaviors in some individuals with binge/purge type AN [35, 37, 38]. As established by an existing review, cannabis abuse/dependence is more common in binge/purge type AN [12]. The present review expands upon this finding as it reports additional harms of cannabis use from 2 individuals with binge/purge type AN [37, 38]. While limited by sample size and study design, these case reports proposed the possibility that cannabis use may coincide with compensatory behaviors. While 1 study suggested that the appetite-inducing effects of cannabis encouraged compensatory behaviors [38], the other suggested that CHS could be overlooked in those with binge/purge type AN due to similarities in symptoms [37]. If these results are replicated in future studies, it is important to track whether cannabis use may lead to weight loss, or other counterproductive situations for AN recovery. Future studies exploring cannabinoid treatment may wish to consider including measures for compensatory behaviors and problems associated with use.

Future research/clinical implications
Further investigation with consistent methodology may provide a clearer understanding of how endocannabinoids present in AN and the associations they may have with psychological and physiological symptoms of AN. Furthermore, understanding how endocannabinoids are affected throughout recovery may provide guidance for how to best target the ECS using exogeneous cannabinoids. Dose–response studies exploring THC/dronabinol should be conducted to determine the most appropriate dose for individuals with AN, or if an individualized approach is needed to maximize beneficial effects and minimize harmful effects. Furthermore, RCTs may wish to add CBD to their cannabinoid regimens to better approximate the effects of the major cannabinoids found in the marijuana plant, as each plays a unique role.

Strengths and limitations
Because research on cannabis and AN is rather new, it is important to consider all levels of evidence, which the present scoping review did. At the same time, factors influencing bias, such as study design were not evaluated, as this level of assessment is not consistent with the aims of a scoping review [15]. Since this review excluded reports published in languages other than English, it is possible that pertinent evidence was excluded. It is also important to note that conclusions drawn in this review were based upon studies that included sample sizes ranging from 1- 16,992 participants, which limits generalizability in cases of small sample sizes. Lastly, none of the reports included participants with atypical AN, making it difficult to understand whether results included in this review also apply to those with atypical AN.


Conclusion
This scoping review provides an overview of studies exploring the ECS, benefits/harms/null effects of cannabinoid treatment, and harms of cannabis use for those with AN. Although results between studies exploring the ECS were inconsistent, circulating endocannabinoids appear to be different in those with AN compared to HC and may be associated with psychological and physiological AN symptoms. While these results propose biological justification for cannabinoid treatment for AN, and some results from treatment studies showed beneficial outcomes such as weight gain and reduced ED symptoms, other results suggested ineffectiveness of cannabinoid treatment for AN, and some propose potential harms. This body of research is limited in scope, presenting avenues for further investigation including relationships between circulating endocannabinoids and AN recovery, and individualized dosing that may include both THC and CBD, to maximize benefits and minimize potential harms.

Acknowledgements
We acknowledge the support and assistance we received from Sarah Katz, the Health Science Librarian at the University of Delaware during the development of our search strategy.

Author contributions
CIR prepared the manuscript, supporting figures and tables, and the supplementary files. CRP supported and assisted with the development of the research questions and revisions of both the manuscript and the supporting figures, tables, and supplementary files. Both authors approved of the final manuscript.

Funding
The first author received a fellowship from The University of Delaware’s 2022 Summer Fellows Undergraduate Research Program for her time conducting a portion of the work.

Availability of data and materials
Not applicable.

Declarations
Ethics approval and consent to participate
Not applicable.

Consent for publication
Not applicable.

Competing interests
The authors have no competing interests to disclose.


References
	1.
Khalsa SS, Portnoff LC, McCurdy-McKinnon D, Feusner JD. What happens after treatment? A systematic review of relapse, remission, and recovery in anorexia nervosa. J Eat Disord. 2017;5(1):20. https://​doi.​org/​10.​1186/​s40337-017-0145-3CrossrefPubMedPubMedCentral

	2.
van den Berg E, Houtzager L, de Vos J, Daemen I, Katsaragaki G, Karyotaki E, et al. Meta-analysis on the efficacy of psychological treatments for anorexia nervosa. Eur Eat Disord Rev J Eat Disord Assoc. 2019;27(4):331–51. https://​doi.​org/​10.​1002/​erv.​2683Crossref

	3.
Muratore AF, Attia E. Current therapeutic approaches to anorexia nervosa: State of the art. Clin Ther. 2021;43(1):85–94. https://​doi.​org/​10.​1016/​j.​clinthera.​2020.​11.​006.CrossrefPubMed

	4.
Klastrup C, Frølich J, Winkler LA-D, Støving RK. Hunger and satiety perception in patients with severe anorexia nervosa. Eating Weight Disorders Studi Anorexia Bulimia Obes. 2019;25(5):1347–55. https://​doi.​org/​10.​1007/​s40519-019-00769-7.Crossref

	5.
Aulinas A, Plessow F, Pulumo RL, Asanza E, Mancuso CJ, Slattery M, et al. Disrupted Oxytocin-Appetite Signaling in Females With Anorexia Nervosa. J Clin Endocrinol Metab. 2019;104(10):4931–40. https://​doi.​org/​10.​1210/​jc.​2019-00926

	6.
Banister SD, Arnold JC, Connor M, Glass M, McGregor IS. Dark classics in chemical neuroscience: Δ(9)-tetrahydrocannabinol. ACS Chem Neurosci. 2019;10(5):2160–75. https://​doi.​org/​10.​1021/​acschemneuro.​8b00651CrossrefPubMed

	7.
Hoch E, Niemann D, von Keller R, Schneider M, Friemel CM, Preuss UW, et al. How effective and safe is medical cannabis as a treatment of mental disorders? A systematic review. Eur Arch Psychiatry Clin Neurosci. 2019;269(1):87–105. https://​doi.​org/​10.​1007/​s00406-019-00999-x.CrossrefPubMedPubMedCentral

	8.
Scherma M, Satta V, Collu R, Boi MF, Usai P, Fratta W, et al. Cannabinoid CB(1)/CB(2) receptor agonists attenuate hyperactivity and body weight loss in a rat model of activity-based anorexia. Br J Pharmacol. 2017;174(16):2682–95. https://​doi.​org/​10.​1111/​bph.​13892CrossrefPubMedPubMedCentral

	9.
Lu HC, Mackie K. Review of the Endocannabinoid System. Biol Psychiatry Cogn Neurosci Neuroimaging. 2021;6(6):607-615. https://​doi.​org/​10.​1016/​j.​bpsc.​2020.​07.​016.

	10.
Navarrete F, García-Gutiérrez MS, Jurado-Barba R, Rubio G, Gasparyan A, Austrich-Olivares A, et al. Endocannabinoid system components as potential biomarkers in psychiatry. Front Psychiatry. 2020;11:315. https://​doi.​org/​10.​3389/​fpsyt.​2020.​00315CrossrefPubMedPubMedCentral

	11.
Marco EM, García-Gutiérrez MS, Bermúdez-Silva FJ, Moreira FA, Guimarães F, Manzanares J, et al. Endocannabinoid system and psychiatry: in search of a neurobiological basis for detrimental and potential therapeutic effects. Front Behav Neurosci. 2011;5:63. https://​doi.​org/​10.​3389/​fnbeh.​2011.​00063CrossrefPubMedPubMedCentral

	12.
Devoe DJ, Dimitropoulos G, Anderson A, Bahji A, Flanagan J, Soumbasis A, et al. The prevalence of substance use disorders and substance use in anorexia nervosa: a systematic review and meta-analysis. J Eat Disord. 2021;9(1):161. https://​doi.​org/​10.​1186/​s40337-021-00516-3.CrossrefPubMedPubMedCentral

	13.
Sorensen CJ, DeSanto K, Borgelt L, Phillips KT, Monte AA. Cannabinoid hyperemesis syndrome: diagnosis, pathophysiology, and treatment-a systematic review. J Med Toxicol Off J Am Coll Med Toxicol. 2017;13(1):71–87. https://​doi.​org/​10.​1007/​s13181-016-0595-zCrossref

	14.
Rosager EV, Møller C, Sjögren M. Treatment studies with cannabinoids in anorexia nervosa: a systematic review. Eat Weight Disord EWD. 2021;26(2):407–15. https://​doi.​org/​10.​1007/​s40519-020-00891-xCrossrefPubMed

	15.
Peters MDJ, Marnie C, Tricco AC, Pollock D, Munn Z, Alexander L, et al. Updated methodological guidance for the conduct of scoping reviews. JBI Evid Synth. 2020;18(10):2119. https://​doi.​org/​10.​11124/​JBIES-20-00167CrossrefPubMed

	16.
Tricco AC, Lillie E, Zarin W, O’Brien KK, Colquhoun H, Levac D, et al. PRISMA extension for scoping reviews (PRISMA-ScR): checklist and explanation. Ann Intern Med. 2018;169(7):467–73. https://​doi.​org/​10.​7326/​M18-0850CrossrefPubMed

	17.
Ishiguro H, Onaivi ES, Horiuchi Y, Imai K, Komaki G, Ishikawa T, et al. Functional polymorphism in the GPR55 gene is associated with anorexia nervosa. Synap N Y N. 2011;65(2):103–8. https://​doi.​org/​10.​1002/​syn.​20821Crossref

	18.
Ando T, Tamura N, Mera T, Morita C, Takei M, Nakamoto C, et al. Association of the c.385C>A (p.Pro129Thr) polymorphism of the fatty acid amide hydrolase gene with anorexia nervosa in the Japanese population. Mol Genet Genomic Med. 2014;2(4):313–8. https://​doi.​org/​10.​1002/​mgg3.​69CrossrefPubMedPubMedCentral

	19.
González LM, García-Herráiz A, Mota-Zamorano S, Flores I, Albuquerque D, Gervasini G. Variability in cannabinoid receptor genes is associated with psychiatric comorbidities in anorexia nervosa. Eat Weight Disord EWD. 2021;26(8):2597–606. https://​doi.​org/​10.​1007/​s40519-021-01106-7CrossrefPubMed

	20.
Gérard N, Pieters G, Goffin K, Bormans G, Van Laere K. Brain type 1 cannabinoid receptor availability in patients with anorexia and bulimia nervosa. Biol Psychiatry. 2011;70(8):777–84. https://​doi.​org/​10.​1016/​j.​biopsych.​2011.​05.​010CrossrefPubMed

	21.
Tam FI, Steding J, Steinhäuser JL, Ritschel F, Gao W, Weidner K, et al. Hair endocannabinoid concentrations in individuals with acute and weight-recovered anorexia nervosa. Prog Neuropsychopharmacol Biol Psychiatry. 2021;20(107): 110243. https://​doi.​org/​10.​1016/​j.​pnpbp.​2021.​110243Crossref

	22.
Monteleone AM, Di Marzo V, Aveta T, Piscitelli F, Dalle Grave R, Scognamiglio P, et al. Deranged endocannabinoid responses to hedonic eating in underweight and recently weight-restored patients with anorexia nervosa. Am J Clin Nutr. 2015;101(2):262–9. https://​doi.​org/​10.​3945/​ajcn.​114.​096164CrossrefPubMed

	23.
Piccolo M, Claussen MC, Bluemel S, Schumacher S, Cronin A, Fried M, et al. Altered circulating endocannabinoids in anorexia nervosa during acute and weight-restored phases: a pilot study. Eur Eat Disord Rev J Eat Disord Assoc. 2020;28(1):46–54. https://​doi.​org/​10.​1002/​erv.​2709.Crossref

	24.
Baenas I, Miranda-Olivos R, Granero R, Solé-Morata N, Sánchez I, Pastor A, et al. Association of anandamide and 2-arachidonoylglycerol concentrations with clinical features and body mass index in eating disorders and obesity. Eur Psychiatry J Assoc Eur Psychiatr. 2023;66(1): e49. https://​doi.​org/​10.​1192/​j.​eurpsy.​2023.​2411Crossref

	25.
Hillard CJ. Circulating endocannabinoids: from whence do they come and where are they going? Neuropsychopharmacology. 2018;43(1):155–72. https://​doi.​org/​10.​1038/​npp.​2017.​130CrossrefPubMed

	26.
Aguilera Vasquez N, Nielsen DE. The endocannabinoid system and eating behaviours: a review of the current state of the evidence. Curr Nutr Rep. 2022;11(4):665–74. https://​doi.​org/​10.​1007/​s13668-022-00436-x.CrossrefPubMedPubMedCentral

	27.
Andries A, Frystyk J, Flyvbjerg A, Støving RK. Dronabinol in severe, enduring anorexia nervosa: a randomized controlled trial. Int J Eat Disord. 2014;47(1):18–23. https://​doi.​org/​10.​1002/​eat.​22173.CrossrefPubMed

	28.
Andries A, Gram B, Støving RK. Effect of dronabinol therapy on physical activity in anorexia nervosa: a randomised, controlled trial. Eat Weight Disord EWD. 2015;20(1):13–21. https://​doi.​org/​10.​1007/​s40519-014-0132-5.CrossrefPubMed

	29.
Andries A, Frystyk J, Flyvbjerg A, Støving RK. Changes in IGF-I, urinary free cortisol and adipokines during dronabinol therapy in anorexia nervosa: Results from a randomised, controlled trial. Growth Horm IGF Res Off J Growth Horm Res Soc Int IGF Res Soc. 2015;25(5):247–52. https://​doi.​org/​10.​1016/​j.​ghir.​2015.​07.​006Crossref

	30.
Avraham Y, Latzer Y, Hasid D, Berry EM. The impact of Δ9-THC on the psychological symptoms of anorexia nervosa: a pilot study. Isr J Psychiatry. 2017;54(3):44–51.PubMed

	31.
Graap H, Erim Y, Paslakis G. The effect of dronabinol in a male patient with anorexia nervosa suffering from severe acute urge to be physically active. Int J Eat Disord. 2018;51(2):180–3. https://​doi.​org/​10.​1002/​eat.​22804CrossrefPubMed

	32.
Vandrey R, Stitzer ML, Mintzer MZ, Huestis MA, Murray JA, Lee D. The dose effects of short-term dronabinol (oral THC) maintenance in daily cannabis users. Drug Alcohol Depend. 2013;128(1–2):64–70. https://​doi.​org/​10.​1016/​j.​drugalcdep.​2012.​08.​001CrossrefPubMed

	33.
Melissa R, Lama M, Laurence K, Sylvie B, Jeanne D, Odile V, et al. Physical activity in eating disorders: a systematic review. Nutrients. 2020;12(1):183. https://​doi.​org/​10.​3390/​nu12010183CrossrefPubMedCentral

	34.
Brambilla F, Santonastaso P, Caregaro L, Favaro A. Growth hormone and insulin-like growth factor 1 secretions in eating disorders: Correlations with psychopathological aspects of the disorders. Psychiatry Res. 2018;1(263):233–7. https://​doi.​org/​10.​1016/​j.​psychres.​2017.​07.​049Crossref

	35.
Hjorthøj C, Uddin MJ, Wimberley T, Dalsgaard S, Hougaard DM, Børglum A, et al. No evidence of associations between genetic liability for schizophrenia and development of cannabis use disorder. Psychol Med. 2021;51(3):479–84. https://​doi.​org/​10.​1017/​S003329171900336​2.CrossrefPubMed

	36.
Ihm HK, Kim H, Kim J, Park WY, Kang HS, Park J, et al. Genetic network structure of 13 psychiatric disorders in the general population. Eur Arch Psychiatry Clin Neurosci. 2023. https://​doi.​org/​10.​1007/​s00406-023-01601-1.

	37.
Brewerton TD, Anderson O. Cannabinoid hyperemesis syndrome masquerading as an eating disorder. Int J Eat Disord. 2016;49(8):826–9. https://​doi.​org/​10.​1002/​eat.​22515CrossrefPubMed

	38.
Karayilan S, Erol A. Anorexia nervosa and cannabis abuse: a case report. Klin Psikofarmakol Bül Bull Clin Psychopharmacol. 2013;23(3):272–5. https://​doi.​org/​10.​5455/​bcp.​20121130090627.Crossref

	39.
Feeding and Eating Disorders. In: Diagnostic and Statistical Manual of Mental Disorders [Internet]. American Psychiatric Association Publishing; 2022 [cited 2023 Aug 24]. (DSM Library). https://​doi.​org/​10.​1176/​appi.​books.​9780890425787.​x10_​Feeding_​and_​Eating_​Disorders

	40.
Niesink RJM, van Laar M. Does cannabidiol protect against adverse psychological effects of THC? Front Psychiatry. 2013. https://​doi.​org/​10.​3389/​fpsyt.​2013.​00130.CrossrefPubMedPubMedCentral

	41.
Frank GKW, Shott ME, DeGuzman MC. Recent advances in understanding anorexia nervosa. F1000Research. 2019;8:F1000 Faculty Rev-504. https://​doi.​org/​10.​12688/​f1000research.​17789.​1.



Publisher's Note
Springer Nature remains neutral with regard to jurisdictional claims in published maps and institutional affiliations.


OEBPS/navigation.xhtml

    
      Contents


      
        		The relationship between cannabis and anorexia nervosa: a scoping review


      


    
    
      Landmarks


      
        		Body Matter


      


    
  

OEBPS/css/envelope.png





OEBPS/css/sidebar.gif





OEBPS/images/40337_2023_887_Fig1_HTML.png
Total records identified (n = 748)
PubMed (n = 287)

PsycINFO (n = 89)

Cochrane (n = 49)

Web of Science (n = 323)

Duplicate records removed (n =317)

!

Records screened
(n=431)

!

Reports sought for retrieval
(n=238)

Total records excluded (n =393):
Studies that do not explore
cannabinoid treatment, the ECS,
or harms of cannabis use in AN
(n=7)

Abstracts missing keyword(s) for
cannabis and or AN (n=91)
Studies describing secondary
anorexia (n=142)

Reviews (n=83)

Studies using animal models
(n=52)

Studies not available in English
(n=9)

Grey literature (n=9)

Reports assessed for eligibility
(n=238)

Reports included in review
(n=17)

Total reports excluded (n = 21):
Studies that do not explore
cannabinoid treatment, the ECS,
or harms of cannabis use in AN
(n=5)

Studies describing secondary
anorexia (n=2)

Reviews (n=5)

Studies using animal models (n=1)
Studies not available in English
(n=1)

Data available for AN is combined
with other disorders (n=3)

Studies only reporting prevalence
of cannabis abuse/dependence
(n=4)






