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Abstract

Potential associations have been investigated between metabolic dysfunction-associated steatotic liver
disease (MASLD), formerly known as non-alcoholic fatty liver disease, and cannabis use. This study aimed to
determine the association between cannabis use frequency and MASLD. Up to January 2025, the evidence
from PubMed, Scopus, and Web of Science was synthesized in this systematic review and meta-analysis,
which was registered in PROSPERO (CRD42025025065) and followed the Preferred Reporting Items for
Systematic reviews and Meta-Analyses (PRISMA) guidelines. Of the 711 initial records, 11 observational
studies involving 5,968,702 individuals met the inclusion criteria. A pooled analysis revealed that cannabis
use was associated with a reduced risk of hepatic steatosis (OR = 0.58; 95% CI: 0.42-0.81; p = 0.002; 12 =
97%). The subgroup analysis revealed a protective association for past users (OR = 0.84; 95% CI: 0.77-0.93)
and occasional users (OR = 0.35; 95% CI: 0.20-0.64), with no significant association observed for frequent
users. The study revealed that cannabis users exhibited a decline in both the fatty liver index (mean
difference (MD) = -11.02) and the BMI (MD = -1.89 kg/m?). However, the findings did not show any
statistically significant changes in liver fat (%), transaminases (aspartate aminotransferase and alanine
aminotransferase), and triglycerides. A risk-of-bias assessment identified notable methodological
limitations. Overall, the findings suggest a strong association between cannabis use and MASLD, though
causality cannot be established.

Categories: Epidemiology/Public Health, Internal Medicine
Keywords: cannabis abuse, cannabis use, chronic cannabis use, fatty liver disease, metabolic dysfunction-associated
steatotic liver disease

Introduction And Background

Metabolic dysfunction-associated steatotic liver disease (MASLD), formerly known as non-alcoholic fatty
liver disease [1], is the most common chronic liver disease worldwide [2-4]. Its prevalence has increased due
to the popularity of Western diets and sedentary lifestyles [5]. The condition ranges from simple steatosis to
non-alcoholic steatohepatitis (NASH) [1-3]. As part of the pathophysiological progression of MASLD, NASH
represents a stage characterized by hepatic fat accumulation, sustained inflammation, and hepatocellular
injury [5,6]. This can eventually lead to cirrhosis and the need for a liver transplant [5,6].

The overall incidence of EHMA is 47 cases per 1,000 people, occurring more frequently in men [7]. There was
a significant 50.4% increase in its prevalence, rising from 25.26% between 1990 and 2006 to 38.00% between
2016 and 2019 (p < 0.001) [8]. The highest prevalence was observed in Latin America at 44.37% (30.66%-
59.00%) [8].

MASLD is increasingly affecting younger people, which increases the risk of serious complications [3]. Due to
changes in diet, urbanization, and the growth of obesity and type 2 diabetes, particularly in developing
countries, the number of cases is expected to rise worldwide [3]. It is a public health problem associated with
obesity, metabolic syndrome, and insulin resistance [9,10]. It results in the accumulation of fat in the liver
and inflammation [9,10]. It is the hepatic manifestation of a systemic disease associated with type 2 diabetes
and cardiovascular and renal disease [10].

Nowadays, it is understood that cannabis has emerged as a potential modulator of hepatic metabolism. The
hepatic endocannabinoid system plays a key role in the accumulation of fat in the liver through cannabinoid
receptor type 1 (CB1R) and cannabinoid receptor type 2 (CB2R) receptors [9]. Activation of the cannabinoid
system has been linked to conditions such as cirrhosis and steatosis and also influences appetite regulation
and energy metabolism [11]. The hepatic cannabinoid system is activated in MASLD, contributing to
steatosis and insulin resistance [12]. CBIR is involved in the development of obesity and hepatic steatosis by
stimulating de novo fatty acid synthesis [11]. CBIR expression is increased in fatty liver, and CB2R is
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involved in inflammation and hepatic fibrogenesis [11].

However, its management remains challenging due to its complexity [13]. Resmetirom is the first drug to be
approved for treating MASLD with fibrosis, while the efficacy of other drugs is still under evaluation [13].
Meanwhile, research [14,15] suggests that cannabis users are less likely to have diabetes, obesity, and
hyperlipidemia, which are closely related to MASLD.

Preclinical research, both in vivo and in vitro, has provided evidence supporting the therapeutic potential of
cannabidiol (CBD) in a wide range of liver disorders [1]. Nonetheless, the underlying mechanisms remain
insufficiently clarified, and the current scarcity of clinical data constrains their translation into routine
clinical practice [1]. Contradictory evidence on the impact of cannabis on liver disease has been reported
[16]. Cannabinoid receptors CB1 and CB2 are sparsely expressed in a healthy liver but overexpressed in
chronic liver disease, potentially influencing the progression of steatosis and fibrosis [16].

This study aimed to determine the association between cannabis use frequency and MASLD, based on
evidence obtained from a systematic review and meta-analysis of the literature.

Review
Methods

A systematic peer review and meta-analysis of the specialized academic literature was performed in the
PubMed/MEDLINE, Scopus, and Web of Science databases. This meta-analysis followed the Preferred
Reporting Items for Systematic reviews and Meta-Analyses (PRISMA) protocol.

Search Strategy

A systematic search was conducted using the Population, Intervention, Comparison, Outcome (PICO)
strategy, focusing on the following main question: What is the association between cannabis use and
metabolic dysfunction-associated steatotic liver disease?, based on evidence obtained from a systematic
review and meta-analysis of the literature. In April 2024, the first searches were conducted using a

combination of Medical Subject Headings (MeSH): “Cannabis”, “Cannabinoids”, “Marijuana Use”,
“Nonalcoholic Fatty Liver Disease”, and “Fatty Liver”.

Selection Criteria

Quantitative, prospective, and retrospective observational studies, as well as cross-sectional studies, were
included. Additionally, studies published in English or Spanish between 2005 and January 2025 should be
considered. People over 18 years of age who use or consume cannabinoids, in any form, dose, or frequency,
either for medical or recreational reasons, were included in the study. Editorials, letters to the editor, case
series, and studies with nonhuman samples and in vitro tissue were excluded. Studies that addressed
alcoholic fatty liver disease were also ruled out.

Primary and Secondary Outcomes

The primary outcomes of this review focused on the potential effect of cannabis use on the risk of hepatic
steatosis, with prevalence assessed through imaging techniques, biochemical markers, or liver biopsy. The
analysis also considered the fatty liver index (FLI) and BMI as additional indicators of liver health. Secondary
outcomes included measurements of hepatic fat percentage and serum levels of alanine aminotransferase
(ALT), aspartate aminotransferase (AST), and triglycerides.

Data Extraction and Synthesis

Data extraction was performed using a form based on the Cochrane Consumers and Communication Group
template for quality assessment and evidence synthesis. The form was adapted to collect all relevant
information on the included studies and their results. The following data were extracted: authors, years,
database consulted, journal of publication, date of publication, location of the study, type of article, DOI,
original title, full abstracts, methodology applied, and results obtained. Two reviewers (NQC and ABS)
independently extracted data, with disagreements resolved through consensus or consultation with an
expert.

Each outcome’s findings were described in a narrative in the data synthesis. The quality of evidence will be
assessed using the Grading of Recommendations Assessment, Development and Evaluation (GRADE)
method, considering characteristics such as risk of bias, inconsistency, indirectness, imprecision, and
publication bias.

Analysis Methods
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The exposure impact measures included ORs with 95% CIs for dichotomous data and mean difference (MD)
and standardized MD (SMD) for continuous data, depending on the consistency of the outcome measures.

The random-effects model was used for analyses with high heterogeneity (1% >50%) or interstudy variations
in design or population. Conversely, the fixed-effects model was used for subgroups with low heterogeneity,
analyses with few studies, or when a large, high-quality study predominated in the statistical weighting.
Heterogeneity was assessed using Tau?, Chi2, and 12 statistics. All analyses were performed using Review
Manager (RevMan) version 5.7.0 (The Cochrane Collaboration, Copenhagen, Denmark). The subgroup
analysis included the frequency of use, as well as current and past use of cannabis, in the meta-analysis.

Risk of Bias Assessment

Risk of bias was independently assessed by two reviewers (NQC and ABS), with disagreements resolved
through consensus or consultation with an expert. The Risk of Bias in Non-Randomized Exposure Studies
(ROBINS-E) tool was employed to evaluate the risk of bias in observational studies. The overall risk of bias
was classified as low, high, or uncertain.

Register

This systematic review is registered in PROSPERO under the registration number CRD42025025065.
Additionally, the findings were presented as a scientific poster at the ESCI 2025 Annual Scientific Meeting of
the European Society for Clinical Investigation, held on May 21-23, 2025.

Results

A total of 711 records were identified, 187 of which were eliminated due to duplication. Following an initial
evaluation of the remaining 524 records, 475 were excluded because they did not meet the inclusion criteria.
Of the 49 full texts reviewed, three could not be retrieved. Ultimately, 46 studies were evaluated, and 36 were
excluded due to methodological or eligibility issues. Finally, 11 eligible studies were included, published
across 10 scientific articles [17-26]. The process is detailed in the PRISMA diagram (Figure /).
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FIGURE 1: PRISMA flow diagram

PRISMA, Preferred Reporting Items for Systematic reviews and Meta-Analyses

Table I presents the characteristics of the included studies. The mean (SD) age of the 5,968,702 participants
was 41.29 (8.76) years. The studies were published between 2008 and 2023. Geographically, six of the 11
studies (55%) were conducted in North America [18,20,22,24,26], four (36%) in Europe [17,19,21,23], and one
(9%) in Oceania [25]. In terms of study design, most were cross-sectional (n = 7), followed by retrospective (n
= 2) and prospective (n = 2) studies.
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Diagnostic

Author(s) Country Year Study design thod Baseline BMI (kg/m?) Age (years) Sex
metho
Vazquez- .
. Prospective Nonusers: 33.7 (9.9); 217 males, 173
Bourgon et al. Spain 2019 FLI 30.4 (9.5)
(7] cohort users: 25.2 (6.0) females
. Users: 43.9 £ 9.1;
X Retrospective . X . 265 males, 112
Liuetal. [18] Canada 2014 Liver biopsy Not specified nonusers: 46.7 +
cohort females
8.1
Hézode et al. Cross- . . 223 males, 92
France 2008 ; Liver biopsy 24.8 (4.1) 45.1 (10.9)
[19] sectional females
Cross-
. - 1,287 males,
Duetal. [20] USA 2023 sectional, VCTE Not specified 39.97 £ 11.65
I 1,335 females
probabilistic
Barré et al Multicenter Nonusers: 22.0; users 69.7% males
. u :22.0;u X . s
France 2021 prospective FLI 478145 ’
[21] 20.9 30.3% females
cohort
Kim et al. [22] Cross Never: 29.2 £ 0.1; former: 7,040 males
I . - 3 3
USA 2017 k ALT threshold 28.8 £0.1; current: 27.3+ 39.6
(NHANES) sectional 03 7,040 females
Kim et al. [22] Cross Abdominal Never: 27.1 + 0.2; former: 4,002 males
I . = I 3 )
USA 2017 . 26.0 £0.2; current: 25.7+ 37.6
(NHANES I11) sectional ultrasound 0.4 4,284 females
Multicenter .
Nordmann et Abdominal » 44.9 (95% CI: 585 males, 253
France 2017 cross- Not specified
al. [23] . ultrasound 44.5-45.4) females
sectional
Adeiumo et Retrospective Discharge 2,373,361 males,
u Vi
I USA 2017 P diagnosis (ICD-  Not specified Not specified 3,459,451
al. [24] case-control
9:571.8) females
Stuartetal. N c Never: 26.8 | Never: 58;non- g3 males, 37
uart et al. ew ross- ever: 26.8; non-regular: males,
2020 ' MRS 9 regular: 52;
[25] Zealand sectional 27.9; regular: 34.3 females
regular: 54
Muni " Cross- 18 males, 12
uniyappa e
| [221 f2 USA 2013 sectional, MRS 2746 27+8 females per
al.
case-control group

TABLE 1: Baseline characteristics of the included studies

ALT, alanine aminotransferase; FLI, fatty liver index; ICD-9: International Classification of Diseases, 9th Revision; MRS, magnetic resonance
spectroscopy; NHANES, National Health and Nutrition Examination Survey; VCTE, vibration-controlled transient elastography

Hepatic steatosis was assessed using imaging techniques, such as ultrasound, elastography, and magnetic
resonance spectroscopy [20,22,23,25,26]; biochemical indices, including the FLI, liver biopsy, and serum ALT
levels [18,19,21,22]; and diagnostic codes (ICD-9-MC 571.8) [24], as detailed in Table 1.

Primary Outcomes

MASLD: The nine studies [17-24] included in this meta-analysis indicated that individuals who used
cannabis had a lower likelihood of presenting hepatic steatosis compared with nonusers. The pooled OR was
0.58 (95% CI: 0.42-0.81; p = 0.002), as shown in Figure 2, suggesting a potential protective association
between cannabis use and this liver condition. Nonetheless, three individual studies crossed the null value,
introducing some inconsistency in the interpretation of the results.
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Cannabis users Non-users Odds ratio Odds ratio Risk of Bias
Study or Subgroup Events Total Events Total Weight IV, Random, 96% CI IV, Random, 95% CI A BCDETFG
Adejumo et al. [24] 84734 116579 5308769 5833812 13.7%  0.26[0.26,0.27] 0022000
Barré et al. [21] 40 234 187 620 11.7% 0.48[0.33, 0.70] —— 2202002
Du et al. [20] 159 501 546 1204 130%  056[0.45,0.70] - 27200202
Hézode et al. [19] 28 115 32 200 98%  169[0.96,299] —— e ® 2
Kim et al. (NHANES 1ll) [22] 129 556 1829 5227 131%  0.56[0.46,0.69] - 0 [ X J
Kim et al. (NHANES) [22] 512 1764 2669 6557 135%  0.60([0.53,0.67] - X [ X J
Liu et al. [18] a7 102 147 275 109%  0.74[0.47,1.17) e X @~
Nordmann et al. [23] 74 21 262 627 122% 0.75[0.54 , 1.04] — X J [ X J
Vazquez-Bourgon et al. [17] 1 14 28 104 22% 0.21[0.03,1.67] +————————— e 20
Total (Wald?) 120076 5848626 100.0%  0.58 [0.42,0.81] L 2
Total events: 85724 5314469
Test for overall effect: Z = 3.16 (P = 0.002) 01 02 05 1 2 5 10

Favours users Favours non-users

Heterogeneity: Tau? (REMLP) = 0.21; Chi? = 396.30, df = 8 (P < 0.00001); I* = 97%
Footnotes

aCl calculated by Wald-type method.
bTau? calculated by Restricted Maximum-Likelihood method

FIGURE 2: Forest plot and risk of bias: MASLD risk

Random, random-effects model; + Low risk of bias; ? Some concerns; - High/very high risk of bias; 2 Cl calculated
using the Wald-type method; b Tau? calculated using the restricted maximum-likelihood method

Risk of bias legend: (A) Risk of bias due to confounding; (B) Risk of bias arising from measurement of the
exposure; (C) Risk of bias in selection of participants into the study (or into the analysis); (D) Risk of bias due to
post-exposure interventions; (E) Risk of bias due to missing data; (F) Risk of bias arising from measurement of the
outcome; (G) Risk of bias in the selection of the reported result

1V, inverse variance; MASLD, metabolic dysfunction-associated steatotic liver disease

References: [17-24]

A high level of heterogeneity was observed among the studies (12 = 97%), reflecting substantial variability in
the findings. This heterogeneity may be explained by methodological differences, variations in study
populations, and clinical diversity. Furthermore, several studies exhibited high or unclear risks of bias,
particularly in domains related to participant selection and outcome assessment.

Subgroup analysis: The included studies [17-24] were classified according to the type and frequency of
cannabis use, encompassing current users, heavy users (>4 days/week), moderate users, and former users.
While some studies compared only current users with nonusers, others differentiated between levels of use
(moderate or heavy) or included multiple exposure categories, also accounting for past use.

The meta-analysis demonstrated that cannabis use was generally associated with a reduced likelihood of
developing hepatic steatosis. The pooled effect estimate indicated a statistically significant reduction in risk
among cannabis users compared with nonusers, with an OR of 0.59 (95% CI: 0.45-0.77; p < 0.00001), as
presented in Figure 3.
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Cannabis users Non-users 0Odds ratio 0Odds ratio Risk of Bias
Study or Subgroup Events Total Events Total Weight IV, Random, 956% ClI IV, Random, 956% CI ABCDETFG

1.1.1 Current Users

Du et al. [20] 159 501 546 1204 6.7% 0.5603 [0.4498 , 0.6979] = 20
Kim et al. (NHANES ll) [22] 129 556 1829 5227 6.8% 0.5613[0.4573, 0.6689] - ® 9
Liuetal. [18] 47 102 147 275 5.9% 0.7441[0.4717 ,1.1737] L ®0
Vazquez-Bourgon et al. [17] 1 14 28 104 1.4% 0.2088 [0.0261 , 1.6706] +——————1— ® 2
Subtotal (Wald?) 173 6810 20.7% 0.5738 [0.4978, 0.6613] ¢

Total events: 336 2550

Test for overall effect: Z = 7.67 (P < 0.00001)

Heterogeneity: Tau® (REMLP) = 0.00; Chi* = 2.25, df = 3 (P = 0.52); I = 0%

1.1.2 Heavy users (>4 days/week)

Adejumo et al. [24] 9936 12904 5308769 5833812  7.0% 0.3311[0.3178, 0.3450] .
Barré et al. [21] 40 234 187 620 62% 0.4774[0.3261, 06989 e

Hézode et al. [19] 25 76 2 200  52% 25735(1.3986 , 4.7356) —_—
Kim et al. (NHANES) [22] 296 1056 2669 6557 69% 05674 [0.4917,0.6546] -

Nordmann et al. [23] 36 17 262 627  60% 06192(0.4054,0.9456] |

Subtotal (Walda) 14387 6841816  31.3% 0.6621 [0.3421, 1.2431] -

Total events: 10333 5311919

Test for overall effect Z = 1.30 (P = 0.19)
Heterogeneity: Tau® (REMLY) = 0.51; Chi? = 101.45, df = 4 (P < 0.00001); I* = 98%

1.1.3 Light users

Adejumo et al. [24] 79830 103675 5308769 5833812 7.0% 0.3311[0.3263 , 0.3360]

Hézode et al. [19] 3 39 32 200 29% 0.4375[0.1270,1.5073] ————1—
Kim et al. (NHANES) [22] 216 708 2669 6557 6.8% 0.6395([0.5410,0.7561] -
Nordmann et al. [23] 38 336 262 627 6.2% 0.1776[0.1223 , 0.2580] —

Subtotal (Wald3) 104768 5841196 22.9% 0.3525[0.1951,0.6372] ’

Total events: 80087 5311732

Test for overall effect: Z = 3.45 (P = 0.0006)
Heterogeneity: Tau? (REMLP) = 0.30; Chi? = 70.00, df = 3 (P < 0.00001); I* = 97%

1.1.4 Past users

Du et al. [20] 380 917 546 1204 6.8% 0.8528[0.7169, 1.0145] =1 @0
Kim et al. (NHANES 1) [22] 736 2503 1829 5227 6.9% 0.7738[0.6981, 0.8579] 5= 20
Kim et al. (NHANES) [22] 2188 5759 2669 6557 7.0% 0.8926[0.8301, 0.9597] | ??
Vazquez-Bourgon et al. [17] 12 40 28 104 4.4% 1.1633[0.5210, 2.5971] e — [
Subtotal (Walda) 9219 13092 25.1% 0.8447 [0.7677 , 0.9294] ‘

Total events: 3316 5072

Test for overall effect: Z = 3.46 (P = 0.0005)
Heterogeneity: Tau? (REMLDP) = 0.00; Chi* = .50, df = 3 (P = 0.14); I* = 48%

Total (Wald?) 129537 11702914 100.0% 0.5900 [0.4494 , 0.7746] ‘

Total events: 94072 10631273

Test for overall effect: Z = 3.80 (P = 0.0001) 01 oz o5 1 3 10
Test for subgroup differences: Chi? = 25.85, df = 3 (P < 0.0001), I* = 88.4% Favours users Favours non-users

Heterogeneity: Tau® (REMLD) = 0.27; Chi* = 1241.36, df = 16 (P < 0.00001); I* = 99%

FIGURE 3: Forest plot and risk of bias: subgroup analysis of MASLD
risk

Random: random-effects model; + Low risk of bias; ? Some concerns; - High/very high risk of bias; 2 Cl calculated
using the Wald-type method; b Tau? calculated using the restricted maximum-likelihood method

Risk of bias legend: (A) Risk of bias due to confounding; (B) Risk of bias arising from measurement of the
exposure; (C) Risk of bias in selection of participants into the study (or into the analysis); (D) Risk of bias due to
post-exposure interventions; (E) Risk of bias due to missing data; (F) Risk of bias arising from measurement of the
outcome; (G) Risk of bias in the selection of the reported result

1V, inverse variance; MASLD, metabolic dysfunction-associated steatotic liver disease

References: [17-24]

Subgroup analyses based on frequency and timing of cannabis use revealed that current users experienced a
significant reduction in the risk of hepatic steatosis (OR = 0.57; 95% CI: 0.5-0.66), with no observed
heterogeneity between studies (12 = 0%). Light users also demonstrated a protective effect, with an OR of
0.35 (95% CI: 0.20-0.64); however, substantial heterogeneity was present (12 = 97%). Among heavy users (>4
days per week), no statistically significant association was identified (OR = 0.65; 95% CI: 0.34-1.24), and
high heterogeneity (12 = 98%) limited the interpretability of results for this subgroup. Ex-users exhibited a
modestly reduced risk of steatosis (OR = 0.84; 95% CI: 0.77-0.93), although moderate heterogeneity was
observed (1% = 48%).

Overall, a high degree of heterogeneity was present across all studies (12 = 99%), likely attributable to
methodological, clinical, and population differences. The risk of bias assessment further highlighted
important limitations, particularly in domains related to participant selection and exposure measurement.

FLI: The findings [17,21] demonstrated that individuals who currently used cannabis exhibited a substantial
reduction in FLI values compared to nonusers (MD: -11.02 points), as illustrated in Figure 4. This association
was statistically significant and consistent across studies (I* = 0%). However, these results should be
interpreted with caution due to the potential for high or uncertain risk of bias across multiple
methodological domains, particularly in one of the included studies.
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Cannabis users Non-users Mean difference Mean difference Risk of Bias
Study or Subgroup Mean sD Total  Mean sD Total Weight IV, Fixed, 85% CI IV, Fixed, 95% CI ABCDEFG®G
Barré et al. [21] 276 23 234 381 36 620 920% -10.50([-14.59 ,6.41] E 3
Vazquez-Bourgon et al. [17] 2267 278 17 3963 308 205 8.0% -16.96 [-30.83, -3.09]
Total 251 825 100.0% -11.02[-14.94, -7.09] .
Test for overall effect: Z = 5.51 (P < 0.00001)

Heterogeneity: Chi* = 0.77, df = 1 (P = 0.38); I = 0%

-20 -10 10 20
Favours users Favours non-users

FIGURE 4: Forest plot and risk of bias: MDs in FLI

Fixed: fixed-effects model; + Low risk of bias; ? Some concerns; - High/very high risk of bias

Risk of bias legend: (A) Risk of bias due to confounding; (B) Risk of bias arising from measurement of the
exposure; (C) Risk of bias in selection of participants into the study (or into the analysis); (D) Risk of bias due to
post-exposure interventions; (E) Risk of bias due to missing data; (F) Risk of bias arising from measurement of the
outcome; (G) Risk of bias in the selection of the reported result

FLI, fatty liver index; IV, inverse variance; MD, mean difference

References: [17,21]

BMI: A meta-analysis [17,19,22,26] was performed to evaluate differences in BMI between current cannabis
users and nonusers, based on data from five observational studies. Cannabis users exhibited a significantly
lower mean BMI, with a pooled MD of -1.85 kg/m? (95% CI: -2.38 to -1.32; p < 0.00001), as illustrated in

Figure 5. High heterogeneity was observed across studies (I> = 100%), reflecting substantial methodological

and population variability. Several studies also presented potential risks of selection and measurement bias.

Consequently, while a significant association between cannabis use and lower BMI was identified, causality

cannot be inferred.

Cannabis users Non-users Mean difference Mean difference Risk of Bias

Study or Subgroup Mean SD  Total Mean SD  Total Weight IV, Random, 95% ClI IV, Random, 95% CI ABCDEFG
Hézode et al. [19] 23 25 39 255 42 200 163% -2.50[-3.48,-152] 2

Kim et al. (NHANES 11l) [22] 257 04 556 271 02 5227 369% -1.40[-1.43,-137] ] ?

Kim et al. (NHANES) [22] 27 02 1056 291 01 6557 369% -210[-2.11,-2.09] ] ?

Muniyappa et al. [26] 27 6 30 27 6 30  28%  0.00[-3.04,304] —— 2
Vazquez-Bourgonetal. [17] 2519 518 36 2732 486 336 72% -2.13[-3.90,-036] [ ]

Total (Walda) 77 12350 100.0% -1.85[-2.38,-1.32] <&

Test for overall effect: Z = 6.88 (P < 0.00001)

Heterogeneity: Tau? (REMLP) = 0.20; Chi* = 1466.09, df = 4 (P < 0.00001); I* = 100%

-4

-2 2 4
Favours users Favours non-users

FIGURE 5: Forest plot and risk of bias: MDs in BMI (kg/m?)

1V, inverse variance; Random, random-effects model; + Low risk of bias; ? Some concerns; - High/very high risk
of bias; 2 Cl calculated using the Wald-type method; b Tau? calculated using the restricted maximum-likelihood

method

Risk of bias legend: (A) Risk of bias due to confounding; (B) Risk of bias arising from measurement of the
exposure; (C) Risk of bias in selection of participants into the study (or into the analysis); (D) Risk of bias due to
post-exposure interventions; (E) Risk of bias due to missing data; (F) Risk of bias arising from measurement of the
outcome; (G) Risk of bias in the selection of the reported result

MD, mean difference

References: [17,19,22,26]

Secondary Results

Liver fat (%): A meta-analysis [25,26] was conducted to evaluate the difference in liver fat levels between
current cannabis users and nonusers, using data from two observational studies. The combined results
revealed an SMD of 0.30, 95%CI (-0.12 to 0.71), which did not reach statistical significance (p = 0.16), as
shown in Figure 6. Additionally, the included studies showed no heterogeneity (12 = 0%).
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Cannabis users Non-users Std. mean difference Std. mean difference Risk of Bias
Study or Subgroup  Mean sD Total Mean sD Total Weight IV, Fixed, 95% CI IV, Fixed, 95% CI ABCDETFG
Muniyappa et al. [26] 15 19 30 11 13 30 67.1% 0.24[-0.27,0.75] —-l— 2200002
Stuart et al. [25] 126 7.8 8 9.2 8.4 91 32.9% 0.40[-0.32, 1.13] —_—— 220008 2
Total 38 121 100.0%  0.30[-0.12,0.71] >
Test for overall effect: Z = 1.39 (P = 0.16) 05 1
Favours users Favours non-users

Heterogeneity: Chi* = 0.13, df = 1 (P = 0.72); 2= 0%

FIGURE 6: Forest plot and risk of bias of liver fat

1V, inverse variance; Fixed, fixed-effects model; Std., standardized; + Low risk of bias; ? Some concerns; -
High/very high risk of bias

References: [25,26]

Although there is an apparent trend toward higher values in cannabis users, the current evidence does not
allow us to conclude that there is a significant difference between the groups. The risk of bias analysis
revealed minimal overall concern in most domains, though a high risk was identified in the selection of
participants in one study and an uncertain risk in the measurement of exposure. The limited number of
studies and small sample size limit the strength of the conclusions.

AST and ALT: For AST, the estimated MD was 1.86 units (95% CI: -0.84 to 4.57; p = 0.18) [17,26]. For ALT, the
MD was -0.82 units (95% CI: -6.07 to 4.43; p = 0.76) [17,18,26], as shown in Figure 7. In both analyses, the CIs
included the null value, indicating no statistically significant association. No heterogeneity was observed
between studies (I? = 0%), supporting the consistency of these findings.

Cannabis users Non-users Mean difference Mean difference Risk of Bias
Study or Subgroup Mean sD Total  Mean sD Total Weight IV, Fixed, 95% CI IV, Fixed, 95% CI ABCDETFG
Liu et al. [18] 90.3 695 102 98 9.9 275 88% -7.70[-2539,9.99] ——T—
Muniyappa et al. [26] 26 16 30 28 1" 30 571% -2.00[-895,4.95] ——
Vazquez-Bourgon et al. [17] 3284 269 37 2992 222 337 341% 292[-6.07,11.91] —_—t
Total 169 642 100.0% -0.82[-6.07,4.43]

Test for overall eflect: Z = 0.31 (P = 0.76) -10 5 0 5 10

Favours users Favours non-users
Cannabis users Non-users Mean difference Mean difference Risk of Bias
Study or Subgroup Mean sD Total Mean sD Total Weight IV, Fixed, 85% CI IV, Fixed, 95% CI ABCDETFG
Muniyappa et al. [26] 18 10 30 17 7 30 384% 1.00[-3.37,5.37] —_—T— 2720000 2
Vazquez-Bourgon etal. [17] 2678  9.96 36 2438 1065 337 616% 2.40[-1.05,5.85] B e [ RN ENX RN )
Total 66 367 100.0% 1.86 [-0.84,4.57] B g
: e
Test for overall effect: Z = 1.35 (P = 0.18) 4 2 2 4
Favours users Favours non-users

Heterogenelty: Chi* = 0.24, df = 1 (P = 0.62); I*= 0%

FIGURE 7: Forest plot and risk of bias: AST (1) and ALT (2)

1V, inverse variance; Fixed, fixed-effects model; + Low risk of bias; ? Some concerns; - High/very high risk of bias
ALT, alanine aminotransferase; AST, aspartate aminotransferase

References: [17,18,26]

Overall, the results suggest that current cannabis use is not associated with significant changes in AST or
ALT levels. However, some of the included studies presented risks of bias in specific domains, particularly
regarding participant selection and exposure measurement.

Triglycerides: A fixed-effects meta-analysis [17,26] was conducted to assess differences in triglyceride levels
between current cannabis users and nonusers, based on two primary studies. The pooled MD was 1.30 mg/dL
(95% CI: -18.72 to 21.32; p = 0.90), as shown in Figure 8, indicating no statistically significant differences
between the groups.
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Cannabis users Non-users Mean difference Mean difference Risk of Bias
Study or Subgroup Mean sD Total  Mean sD Total Weight IV, Fixed, 96% CI IV, Fixed, 86% CI ABCDETFG
Munlyappa et al. [26] 100 70 30 80 40 30 482% 2000(-885,4885] —_—
Vazquez-Bourgon el al. [17] 10209 78 35 11815 96.1 337 51.8% -16.06[-43.86, 11.74] ——
Total 66 367 100.0% 1.30[-18.72,21.32]
Test for overall effect Z =013 (P = 0.90) 50 25 0 25 50
Favours users Favours non-users

Helerogenelty: ChF = 3.11, df = 1 (P = 0.08); IF = 68%

FIGURE 8: Forest plot and risk of bias of triglycerides

1V, inverse variance; Fixed, fixed-effects model; + Low risk of bias; ? Some concerns; - High/very high risk of bias

References: [17,25,26]

Moderate heterogeneity was observed (12 = 68%), reflecting variability between the included studies.
Furthermore, potential risks of bias were noted, particularly related to confounding factors and participant
selection, which may have affected the internal validity of the results.

Sensitivity Analysis

A sensitivity analysis was conducted to evaluate the robustness of the findings and reduce the influence of
studies with a high risk of bias. Excluding the studies by Vazquez-Bourgon et al. [17] and Adejumo et al. [24]
yielded an OR of 0.66 (95% CI: 0.53-0.82; p = 0.0002), closely matching the initial estimate but indicating a
slight attenuation of the effect on MASLD risk (Appendix A), thereby confirming the consistency of the
results. A subgroup sensitivity analysis produced an overall OR of 0.64 (95% CI: 0.48-0.86; p = 0.0005), also
consistent with the initial estimate, further supporting the robustness of the findings (Appendix B).

Publication Bias

The funnel plot (Figure 9) demonstrated an asymmetric distribution of studies, suggesting the potential
presence of publication bias or substantial heterogeneity in the results. Most studies, particularly those
involving current, light, and past cannabis users, reported ORs below 1, supporting the hypothesis that
cannabis use may confer a protective effect against hepatic steatosis. Nevertheless, the observed dispersion,
especially among studies with lower precision, indicates that these findings should be interpreted with
caution.
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FIGURE 9: Funnel plot: subgroup MASLD risk

MASLD, metabolic dysfunction-associated steatotic liver disease

References: [17-24]

Risk of Bias

The risk of bias analysis (Figure 10) revealed significant methodological limitations in several domains,
particularly regarding the control of confounding factors, the measurement of exposure, and participant
selection. A substantial proportion of the included studies were classified as having a high or unclear risk of
bias in these areas. In contrast, the domains related to subsequent interventions, missing data, and outcome
measurement predominantly exhibited a low risk of bias; however, certain methodological uncertainties
persisted.

Risk of bias due to confounding [ |
Risk of bias arising from measurement of the exposure [ =)

Risk of bias in selection of participants into the study (or into the analysis): All outcomes [N
Risk of bias due to post-exposure interventions: All outcomes (N

Risk of bias due to missing data: All outcomes (NS

Risk of bias arising from measurement of the outcome [N

Risk of bias in selection of the reported result [ ]

0% 25% 50% 75% 100%

[[E tow riskof bias [ Unclear risk of bias Wl High risk of bias ]

FIGURE 10: Risk of bias: each factor is presented as percentages
overall among the included studies

References: [17-26]

Discussion

Cannabis use was associated with a lower risk of hepatic steatosis, as well as reduced FLI scores and BMI
values. Light cannabis use demonstrated a significant protective effect against MASLD, whereas heavy use
showed no significant association. Former users exhibited a modest reduction in risk. No statistically
significant differences were observed in liver fat content, ALT, AST, or triglyceride levels, likely reflecting the
limited number of studies included in these meta-analyses.
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A study [27] revealed that, overall, cannabis use was not linked to liver stiffness. However, it was associated
with a reduced risk of MASLD in women. A further meta-analysis [28] revealed that individuals who use
cannabis have a lower BMI (25.5 vs. 27.5 kg/m?) and a reduced risk of obesity (AOR = 0.68). Individuals who
are obese are particularly susceptible to MASLD, with a prevalence rate of 80% [29]. These results are similar
to ours.

CBD may play a protective role in preventing hepatic steatosis through several molecular mechanisms.
Suppression of NLRP3 inflammasome activation by deactivation of the NF-kB pathway in macrophages has
been proposed as one of the most relevant anti-inflammatory mechanisms of CBD at the hepatic level [30].

Studies in vitro and in mouse models suggest that CBD and indole-3-carbinol can reduce fat accumulation

in the liver by inhibiting lipogenesis and lipid storage, thereby helping to alleviate hepatic steatosis [31].
Furthermore, CBD has been found to reduce oxidative stress and selectively regulate intracellular signaling
pathways that are involved in liver damage, such as JNK, without affecting p38 MAPK [32]. This suggests that
it may have a hepatoprotective and metabolically beneficial effect.

Although public discourse often focuses on the potential therapeutic benefits of cannabis, the main
scientific concerns are directed towards the physical, psychological, and social risks associated with its use,
particularly when inhaled [33]. Cannabis smoke contains carcinogenic compounds at concentrations similar
to or higher than those found in tobacco smoke, and cannabis use has been associated with respiratory
conditions such as chronic bronchitis and epithelial damage [33]. Furthermore, the impact of the drug on the
immune system has been observed, which is especially relevant for individuals with HIV/AIDS [33], as well as
changes in cardiovascular [34] and reproductive functions [35].

Limitations

The review’s main limitation was the heterogeneity of methodology among the studies it included.
Furthermore, the populations studied differed significantly. This variability introduced substantial
differences in clinical and sociodemographic characteristics, which limited the generalizability of the
findings.

Additional methodological limitations were identified, including the lack of standardization in the
assessment of cannabis use, the absence of adequate control for relevant confounding variables, and the
heterogeneity in diagnostic approaches for liver disease. Moreover, the potential influence of publication
bias could not be excluded. These methodological constraints highlight the imperative need for well-
designed longitudinal studies and rigorously conducted clinical trials to accurately evaluate the potential
causal relationship between metabolic dysfunction and fatty liver disease.

Conclusions

The results of this review indicate a potential relationship between cannabis use and the presence of fatty
liver disease associated with metabolic dysfunction. However, such an association should be interpreted
with caution for several reasons. First, there is methodological heterogeneity among the studies. Second,
there is high variability in the populations analyzed. Third, there are inherent limitations of the
predominant cross-sectional and retrospective observational designs.

While some studies report that cannabis may protect against hepatic steatosis, a direct causal relationship
cannot be established. The lack of standardization in the diagnostic tools used, as well as differences in
frequency, duration, and modality of use, limits the robustness of the conclusions.

Appendices
Appendix A
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Cannabis users Non-users Odds ratio Odds ratio Risk of Bias
Study or Subgroup Events Total Events Total Weight IV, Random, 95% CI IV, Random, 95% CI ABCDETFG
x Adejumo et al. [24] 84734 116579 5308769 5833812 0.0%  0.26[0.26,0.27] [ X
v Barré et al. [21] 40 234 187 620 12.7% 0.48[0.33,0.70] —_— 220
v Duetal. [20] 159 501 546 1204 17.0% 0.56 [0.45, 0.70] - 2?20
v Hézode et al. [19] 28 115 32 200 8.6% 1.69[0.96 , 2.99] —— 2?20
v Kim et al. (NHANES IIl) [22] 129 556 1829 5227 17.4% 0.56 [0.46 , 0.69] - 220
v Kim et al. (NHANES) [22] 512 1764 2669 6557 19.4%  0.60[0.53,0.67] - 2720
v Liuetal. [18] 47 102 147 275 10.9% 0.74[0.47 ,1.17] —et ® e
v Nordmann et al. [23] 74 21 262 627 14.1% 0.75[0.54 , 1.04] —e— X J
% Vazquez-Bourgon et al. [17] 1 14 28 104 0.0% 0.21[0.03, 1.67] o
Total (Wald®) 3483 14710 100.0%  0.66 [0.53, 0.82] ‘
Total events: 989 5672
Test for overall effect: Z = 3.75 (P = 0.0002) 0102 05 1 5 & 10

Favours users Favours non-users

Heterogeneity: Tau? (REML®) = 0.06; Chi? = 17.57, df = 6 (P = 0.007); I* = 79%

FIGURE 11: Forest plot and risk of bias: sensitivity analysis of MASLD
risk

1V, inverse variance; Random, random-effects model; + Low risk of bias; ? Some concerns; - High/very high risk
of bias; 2 Cl calculated using the Wald-type method; b Tau? calculated using the restricted maximum-likelihood
method

Risk of bias legend: (A) Risk of bias due to confounding; (B) Risk of bias arising from measurement of the
exposure; (C) Risk of bias in selection of participants into the study (or into the analysis); (D) Risk of bias due to
post-exposure interventions; (E) Risk of bias due to missing data; (F) Risk of bias arising from measurement of the
outcome; (G) Risk of bias in selection of the reported result

MASLD, metabolic dysfunction-associated steatotic liver disease

References: [17-24]
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Cannabis users Non-users Odds ratio Odds ratio Risk of Bias
Study or Subgroup Events Total Events Total Weight IV, Random, 95% CI IV, Random, 95% CI ABCDETFG
1.1.1 Current Users
v Du etal. [20] 159 501 546 1204  84%  0.56[0.45,0.70] - 0
v Kim et al. (NHANES IIl) [22] 129 556 1829 5227  8.5% 0.56 [0.46 , 0.69] - ® @
v Liuetal. [18] 47 102 147 275 7.3% 0.74[0.47 ,1.17] — 0
% Vazquez-Bourgon et al. [17] 1 14 28 104 0.0% 0.21[0.03, 1.67] @
Subtotal (Wald®) 1159 6706 24.1%  0.58 [0.50, 0.66] ’
Total events: 335 2522

Test for overall effect: Z = 7.58 (P < 0.00001)
Heterogeneity: Tau? (REML®) = 0.00; Chi? = 1.33, df =2 (P = 0.51); I = 0%

1.1.2 Heavy users (>4 days/week)

% Adejumo et al. [24] 9936 12904 5308769 5833812 0.0% 0.33[0.32,0.34]
v Barré et al. [21] 40 234 187 620 7.7% 0.48[0.33, 0.70]
v Hézode et al. [19] 25 76 32 200 64%  2.57[1.40,4.74]
v Kim et al. (NHANES) [22] 296 1056 2669 6557 8.6%  0.57[0.49,0.65]
v Nordmann et al. [23] 36 17 262 627 74%  0.62[0.41,0.95]
Subtotal (Wald®) 1483 8004 30.1%  0.78[0.38,1.60]
Total events: 397 3150

Test for overall effect: Z = 0.67 (P = 0.50)
Heterogeneity: Tau? (REML®) = 0.49; Chi? = 23.89, df = 3 (P < 0.0001); I = 94%

1.1.3 Light users

% Adejumo et al. [24] 79830 103675 5308769 5833812 0.0% 0.33[0.33,0.34]
v Hézode et al. [19] 3 39 32 200 3.4% 0.44[0.13,1.51]
v Kim et al. (NHANES) [22] 216 708 2669 6557  8.6% 0.64[0.54, 0.76]
v Nordmann et al. [23] 38 336 262 627 7.7% 0.18[0.12, 0.26]
Subtotal (Wald®) 1083 7384 19.7%  0.36 [0.15,0.86]
Total events: 257 2963

Test for overall effect: Z = 2.30 (P = 0.02)
Heterogeneity: Tau? (REML®) = 0.48; Chi? = 37.77, df = 2 (P < 0.00001); I* = 92%

1.1.4 Past users

v Duetal. [20] 380 917 546 1204  8.6% 0.85[0.72,1.01] - e
v Kim et al. (NHANES IIl) [22] 736 2503 1829 5227  8.7% 0.77[0.70, 0.86] - N
v Kim et al. (NHANES) [22] 2188 5759 2669 6557 8.8%  0.89[0.83,0.96] * X
% Vazquez-Bourgon et al. [17] 12 40 28 104 00% 1.16[0.52,2.60] e~
Subtotal (Wald®) 9179 12988 26.0%  0.84[0.76,0.93] ’

Total events: 3304 5044

Test for overall effect: Z = 3.50 (P = 0.0005)

Heterogeneity: Tau? (REML®) = 0.00; Chi* = 4.93, df = 2 (P = 0.09); I* = 58%

Total (Wald®) 12904 35082 100.0%  0.64[0.48, 0.86] L 2

Total events: 4293 13679

Test for overall effect: Z = 2.99 (P = 0.003) 01 02 05 1

Test for subgroup differences: Chi? = 21.09, df = 3 (P = 0.0001), I = 85.8% Favours users Favours non-users

Heterogeneity: Tau? (REML®) = 0.25; Chiz = 136.91, df = 12 (P < 0.00001); I = 97%

FIGURE 12: Forest plot and risk of bias: subgroup sensitivity analysis of
MASLD risk

1V, inverse variance; Random, random-effects model; + Low risk of bias; ? Some concerns; - High/very high risk
of bias; 2 Cl calculated using the Wald-type method; P Tau? calculated using the restricted maximum-likelihood
method

Risk of bias legend: (A) Risk of bias due to confounding; (B) Risk of bias arising from measurement of the
exposure; (C) Risk of bias in selection of participants into the study (or into the analysis); (D) Risk of bias due to
post-exposure interventions; (E) Risk of bias due to missing data; (F) Risk of bias arising from measurement of the
outcome; (G) Risk of bias in selection of the reported result

MASLD, metabolic dysfunction-associated steatotic liver disease

References: [17-24]
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