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Introduction: Canine osteoarthritis (OA) is a degenerative disease with chronic 
inflammation of internal and external joint structures in dogs. Cannabis spp. 
contains cannabidiol (CBD), a substance known for various potential indications, 
such as pain relief and anti-inflammatory in various types of animals, including 
dogs with OA. As CBD is increasingly in the spotlight for medical use, we aimed to 
perform a systematic review and meta-analysis to evaluate the efficacy and safety 
of CBD in treating canine OA.

Methods: We searched PubMed, Embase, Scopus, and CAB Direct for animal 
intervention studies investigating the effects of CBD for canine OA from database 
inception until February 28, 2023. Study characteristics and findings were 
summarized. A risk of bias in the included studies was assessed. Meta-analyses 
were performed using a random-effects model to estimate the effects of CBD 
on pain scores (0–10), expressed as mean difference (MD) and 95% confidence 
interval (95% CI). Certainty of evidence was assessed using GRADE.

Results: Five articles were included, which investigated the effects of CBD in 117 
dogs with OA. All studies were rated as having a high risk of bias. CBD products 
varied substantially, i.e., oral full-spectrum CBD oil in four studies, and isolated 
CBD oil and liposomal CBD oil in another study. Treatment duration varied from 
4–12  weeks. Meta-analyses of three studies found that, in dogs with OA, treatment 
with oral full-spectrum CBD oil may reduce pain severity scores (MD; −0.60, 95% 
CI; −1.51 to 0.31, I2 =  45.64%, p  =  0.19) and pain interference scores (MD; −1.52, 
95% CI; −3.84 to 0.80, I2 =  89.59%, p  =  0.20) but the certainty of evidence was very 
low. CBD is generally considered safe and well-tolerated in the short-run, with 
few mild adverse events observed, such as vomiting and asymptomatic increase 
in alkaline phosphatase level.

Conclusion: CBD is considered safe for treating canine OA. CBD may reduce pain 
scores, but the evidence is very uncertain to conclude its clinical efficacy. High-
quality clinical trials are needed to further evaluate the roles of CBD in canine OA.
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1. Introduction

Canine osteoarthritis (OA) is a degenerative disease of the joint in 
dogs expressed by chronic inflammation of internal and external joint 
structures. Pain, swelling, and joint deformity are usually observed 
among OA patients, which limits movement and eventually leads to 
irreversible disability (1). There are five stages (0–4) of canine OA 
according to the COAST system, including stage 0—preclinical dogs 
without apparent risk factors for OA, stage 1—preclinical dogs with 
risk factors for OA, stage 2—mild OA dogs, stage 3—moderate OA 
dogs, and stage 4—severe OA dogs (2). The prevalence of canine OA 
was reported to be up to 20% in the UK and the US. Canine OA is one 
of the leading chronic diseases affecting dogs’ quality of life (3, 4).

The cause of OA in dogs is still unknown. Risk factors associated 
with disease progression can be  classified into two categories: 
non-modifiable risk factors, such as age and large breeding, and 
modifiable risk factors, such as weight (1). OA is chronic and cannot 
be cured. The treatment goal is to slow the disease progression, relieve 
pain, and improve the dog’s quality of life (4).

Pain management can often be divided into two stages: acute and 
chronic stages. Mild to moderate pain in the acute OA stage can 
be well managed by analgesic drugs, whereas moderate to severe pain 
is managed by multimodal analgesia, which includes opioids, 
nonsteroidal anti-inflammatory drugs (NSAIDs), local anesthetics, 
N-methyl-D-aspartate (NMDA) receptor antagonists, and alpha 
2-adrenoceptor agonists. Short-term applications of NSAIDs are 
regarded as the mainstay of treatment for chronic stages, along with 
non-pharmacological interventions such as acupuncture or surgery 
(5). However, NSAIDs are not effective for chronic pain and for long-
term use. They increase the risk of peptic ulcer and renal failure, 
especially among the elderly and those with kidney and gastrointestinal 
diseases (6).

Dietary supplements using omega-3 fatty acids may aid in 
managing canine OA in the chronic phase. Studies showed that 
compared to the control group, dogs receiving omega-3 fatty acids had 
a significant decrease in carprofen dosage (7). Moreover, a recent 
systematic review and meta-analysis showed an evident clinical 
analgesic efficacy of omega-3 fatty acids in canine OA (8).

Cannabis spp. was previously strictly controlled because it 
contains delta-9-tetrahydrocannabinol (THC), a psychoactive 
compound (9). Because of THC’s addictive properties, previous 
clinical studies were quite limited. Besides THC, another key active 
ingredient in Cannabis spp. is cannabidiol (CBD). CBD is known for 
various potential indications such as pain relief, anti-inflammatory, 
anti-epilepsy, anti-neoplastic, and anti-depression properties (10–13). 
Because of the positive benefits of the CBD, the United  States 
Department of Agriculture (USDA) enacted the 2018 Farm Bill. This 
legislation removed hemp, defined as Cannabis sativa L., with a low 
THC content (less than 3% THC on a dry weight basis) from the list 
of controlled substances (14). As a result, hemp products and active 
compounds such as CBD extracts have emerged in both the human 
and animal healthcare markets.

Many studies investigate the pharmacological activity of CBD in 
various types of animals, including dogs. CBD is an allosteric 
non-competitive antagonist with an affinity to bind with cannabinoid 
receptors. These cannabinoid receptors are found in many locations 
of dogs, such as the central nervous system, peripheral nervous 
system, cardiovascular system, immune system, gastrointestinal 

system, reproductive system, skin, and synovial fluid (15–17). As a 
result, CBD could be used as a new alternative therapy to relieve pain 
in dogs suffering from OA. A pharmacokinetic study of CBD in dogs 
with OA revealed that the half-life (T1/2) of CBD were approximately 
4 h for both CBD 2 mg/kg and 8 mg/kg, which were given every 12 h 
(18). Many factors influence CBD bioavailability and metabolism, 
including product formulations, dosage forms, routes of 
administration, and whether they are administered fast or with food. 
It was found that co-administration of CBD with food might increase 
CBD absorption (19, 20). Individualized patients’ breed, age, fat 
percentage, and body condition all play a role in CBD 
pharmacokinetics (18, 21). However, the results of pharmacokinetic 
studies alone were inadequate to support clinical use.

At present, only a limited number of studies have evaluated the 
efficacy and safety of CBD in dogs with OA. These prior studies 
unanimously reported a few adverse events, which were not serious 
ones (18, 22–27). The literature contains several review articles; 
however, those previous reviews did not perform meta-analysis (9, 28, 
29). Hence, this study aimed to perform a systematic review and meta-
analysis of available clinical trials to investigate the efficacy and safety 
of CBD in the treatment of canine OA, as CBD is increasingly in the 
spotlight for medical use.

2. Materials and methods

The protocol of this systematic review was registered with 
PROSPERO (CRD42023381113) (30). This study was conducted 
following the Cochrane handbook for systematic reviews of 
interventions (31) and reported following the 2020 preferred reporting 
items for systematic reviews and meta-analyses (PRISMA) reporting 
guideline as shown in Supplementary Table S1 (32).

2.1. Eligibility criteria

Animal intervention studies that met the eligibility criteria 
described in the population, intervention, control, outcome (PICO) 
framework were included. Population: dogs with OA regardless of 
breed, age, weight, comorbidity, and pre-existing treatment. 
Intervention: any forms (route of administration, dose, and duration) 
of CBD. CBD products were categorized based on the molecular 
content, including (1) full-spectrum; a product that contains CBD and 
all-natural compounds found in the Cannabis plant, (2) broad-
spectrum; a product that contains CBD and all-natural compounds 
except for tetrahydrocannabinol (THC), and (3) isolated; a product 
contains only natural CBD compound. Comparators: any comparators. 
Outcomes: any efficacy outcomes of the articles, such as pain 
measurement, positions, and movement, and safety outcomes, such as 
adverse events. We  excluded articles that have no full-text 
article available.

2.2. Search strategy

We searched PubMed, Embase, Scopus, and CAB Direct for 
studies relevant to eligibility criteria from database inception until 
February 28, 2023. Our search terms were; (Cannabis OR hemp OR 
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hempseed OR hemp seed OR Cannabis OR marijuana OR Cannabis 
sativa OR cannabinoids OR delta-9-tetrahydrocannabinol OR 
cannabidiol OR cannabinol OR weed OR CBD OR THC) AND (dogs 
OR dog OR canine OR canines) AND (arthritis OR osteoarthritis OR 
OA), that was adapted to match the search techniques of each 
database. A full search strategy is shown in Supplementary Table S2. 
For this systematic review, there were no limitations on language. 
Additionally, we  conducted a supplementary search by tracking 
citations and examining the reference lists of relevant articles.

2.3. Study selection

Articles retrieved using the mentioned search strategy were 
imported to EndNote version 20. Duplicates were removed. Two 
reviewers independently assessed the titles and abstracts of the studies 
to see if they met the inclusion criteria. We then retrieved the full text 
of potentially eligible studies and had two reviewers independently 
assess their eligibility. If the reviewers disagreed on a study’s eligibility, 
a third reviewer was consulted to resolve the issue.

2.4. Data extraction

A standardized, pre-piloted form was used to extract data from 
the included studies. Two reviewers independently extracted data 
from each article. The following data were extracted; first author, 
publication year, study design, study duration, participant 
characteristics, dosage form, strength, dosing regimen, route of 
administration, and components of CBD products, efficacy measures, 
and adverse events.

2.5. Quality assessment

Randomized controlled trials (RCTs) were assessed for risk of bias 
using a risk of bias tool for animal intervention studies (SYRCLE’s 
RoB tool) (33), which addressed six types of bias: (1) selection bias; 
(2) performance bias; (3) detection bias; (4) attrition bias; (5) reporting 
bias; and (6) other, across 10 domains. Each domain was categorized 
as “high,” “unclear,” or “low” risk of bias.

Non-randomized studies were evaluated by the 
methodological index for non-randomized studies (MINORS) 
(34), which defined eight specific domains: (1) clearly stated aim; 
(2) inclusion of consecutive patients; (3) prospective data 
collection; (4) endpoints appropriate to study aim; (5) unbiased 
assessment of study endpoint; (6) follow-up period appropriate 
to study aim; (7) <5% lost to follow-up; (8) prospective 
calculation of study size.

2.6. Data analysis

A narrative descriptive analysis was performed to summarize the 
characteristics of the included studies. We performed meta-analyses 
using a random-effects model under Dersimonian and Laird method 
to estimate the effects of CBD on efficacy measures (35). Mean and 
standard deviation (SD) at the last visit of treatment and control 

groups of the included studies were used to calculate the pooled effects 
of CBD. Effect sizes were reported as mean difference (MD) and its 
95% confidence interval (95% CI) and presented in a forest plot. 
Type-I error was fixed at 5% and two-sided.

We tested for heterogeneity assessed by χ2 and I2 statistic index. 
The I2 value ranges between 0% and 100% and is typically determined 
low when <40%, modest when 30%–60%, substantial when 50%–90%, 
and considerable when 75%–100% (31). Sensitivity meta-analyses 
were performed by removing studies assessed as high risk of bias to 
evaluate the robustness of the findings. Publication bias was assessed 
using the Egger regression asymmetry test (36). Statistical analyses 
were performed using STATA version 18.0.

2.7. Certainty assessment

We assessed the certainty of the evidence (CoE) of the meta-
analyzed effects of CBD on pain outcomes. The CoE was assessed 
using the grading of recommendations, assessment, development and 
evaluation (GRADE) approach, which included the assessment of the 
risk of bias, inconsistency, indirectness, imprecision, and publication 
bias. GRADE has four levels of CoE, including very low, low, moderate, 
and high (37).

3. Results

3.1. Study selection

A total of 73 articles were identified from the search. Five studies 
investigating the efficacy and safety of CBD products were included 
(18, 22, 24, 26, 27). The study selection flow is presented in Figure 1. 
A list of excluded studies with reasons is presented in 
Supplementary Table S3. We exclude a clinical trial investigating oral 
tablet containing full-spectrum CBD oil and Boswellia serrata Roxb. 
and Zingiber officinale phytosomized because the effects observed 
might not be from CBD (23, 25).

3.2. Study characteristics

Table 1 summarizes the characteristics of the included studies, 
which involved 117 dogs with OA. Two studies were parallel RCTs (22, 
27), while the other two were cross-over RCTs (18, 26). One study was 
a single-arm study (24). Participating dogs were client-owned dogs 
with OA, of which three studies specifically included only dogs with 
radiographic-confirmed OA (18, 22, 26). Affected joints were reported 
in 63 dogs in three studies (18, 22, 26), of which the most commonly 
affected joints were the elbow (57%), hip (32%), stifle (27%), shoulder 
(8%), antebrachiocarpal (2%), and coxofemeral (2%).

Dog breed was reported in five studies (18, 22, 24, 26, 27), with 
the most common dog breed being large dog breeds, such as Labrador 
Retriever (n = 19), German shepherd (n = 8), and Australian shepherd 
(n = 5). The average weight of dogs reported in four articles was 
28.14 kg (SD 11.99) (18, 22, 24, 27). The average age of dogs reported 
in five studies was 10.9 years (SD 2.86) (18, 22, 24, 26, 27).

CBD products investigated in the included studies varied 
substantially, i.e., full-spectrum CBD oil (n = 4) (18, 22, 24, 26), 
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isolated CBD oil (n = 1) (27), and liposomal CBD oil (n = 1) (27). The 
route of administration was oral (n = 4) (18, 24, 26, 27), or oral 
transmucosal (n = 1) (22). CBD products were either used alone (n = 2) 
(26, 27) or as part of a multimodal treatment (n = 3) (18, 22, 24).

The commonly used dose of CBD was 2–2.5 mg/kg every 12 h 
(n = 3) (18, 22, 26). One study investigated the effects of oral full-
spectrum CBD oil 0.25 mg/kg once daily with dose escalation to 0.50–
0.75 mg/kg every 12 h (24). Treatment duration varied from 4–12 weeks.

3.3. Quality assessment

Quality assessment is presented in Supplementary Table S4. 
Overall, all five studies were considered as having a high risk of bias, 
as at least one domain was rated as having a high risk of bias. Cross-
over RCTs were primarily rated as having a high risk of bias arising 
from the washout period and carryover effects, and unequal 
distribution of baseline characteristics (18, 26). Parallel RCTs were 
primarily rated as having a high risk of bias due to the selection of the 
reported result, unequal distribution of baseline, and lack of blinding 
(22, 27). The single-arm study was rated as having a high risk of bias 
(11/12 points) due to a biased assessment of the study endpoint and 
unreported prospective calculation of the study size (24).

3.4. Efficacy and safety of CBD products

We provided a summary of the efficacy and safety findings of CBD 
products in Supplementary Table S5. Overall outcome measures of the 

included studies were grouped into four domains: (1) pain, (2) activity 
and locomotion, (3) quality of life, and (4) safety.

3.4.1. Pain
Various pain assessment tools were selected across the studies; 

pain severity score (n = 1) (24), canine brief pain inventory (CBPI) 
(n = 3) (18, 22, 26), Liverpool osteoarthritis in dogs (LOAD) (n = 1) 
(26), and pain scores assessed by veterinarians (n = 1) (18).

Meta-analyses were performed to pool the effect sizes of CBD 
products on pain scores from the same measurement reported in 
two or more studies. The analysis was only possible for CBPI pain 
severity score (PSS) and CBPI pain interference score (PIS) 
reported in three studies (18, 22, 26), as shown in Figures 2, 3. The 
results of the assessment of the CoE are shown in Table 2. CBPI 
contained 11 domains that questioned dog owners to assess their 
dogs in the last 7 days. CBPI can be divided into three main groups 
of the question; pain severity (PSS; 0–10): four domains to assess 
the pet’s pain, pain interference with function (PIS; 0–10): six 
domains to assess general activity, and quality of life (0–5): one 
domain to assess the dog’s overall quality of life (38). The reported 
CBPI PSS and CBPI PIS on a scale of 0–40 and 0–60 were 
converted into a scale of 0–10 by dividing the scores by 4 and 6, 
respectively.

3.4.1.1. Pain severity scores
Three studies were included in the meta-analysis (18, 22, 26). CBD 

may reduce pain severity scores, but the evidence is very uncertain 
(very low CoE; MD of CBPI PSS; −0.60, 95% CI; −1.51 to 0.31, 
I2 = 45.64%, p = 0.19, Figure 2). Egger’s test (p = 0.06) indicated no 
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Study selection flow diagram (32).

https://doi.org/10.3389/fvets.2023.1248417
https://www.frontiersin.org/journals/veterinary-science
https://www.frontiersin.org


Patikorn et al. 10.3389/fvets.2023.1248417

Frontiers in Veterinary Science 05 frontiersin.org

TABLE 1 Characteristics of included studies.

First author, 
year

Study design Study 
population

Intervention (n) Control (n) Treatment 
duration

Funding 
source

Single arm study

Kogan, 2020 (24) Single arm Client-owned dogs 

with osteoarthritis

Oral full-spectrum CBD 

oil 0.25 mg/kg once daily 

for 3 days, then escalated 

to 0.50–0.75 mg/kg every 

12 h until pain severity 

score (0–10) was 0–1 

(n = 37) (dogs were 

allowed to continue 

using gabapentin, 

polysulfated 

aminoglycan, and 

acupuncture)

No control group 12 weeks Not reported

Parallel randomized controlled study

Brioschi, 2020 

(22)

- Parallel

- Randomized

- Owner blinded

Client-owned dogs 

with radiographic-

confirmed 

osteoarthritis

Oral transmucosal full-

spectrum CBD oil 2 mg/

kg every 12 h plus 

standard of care 

[combination of NSAIDs 

(or corticosteroid if 

NSAIDs were 

contraindicated), 

gabapentin, and 

amitriptyline] (n = 9)

Standard of care 

[combination of 

NSAIDs (or 

corticosteroid if 

NSAIDs were 

contraindicated), 

gabapentin, and 

amitriptyline] (n = 12)

12 weeks No external 

funding received

Verrico, 2020 (27) - Parallel

- Randomized

- Placebo-

controlled

- Veterinarian and 

owner blinded

Client-owned dogs 

with osteoarthritis

- Oral isolated CBD oil 

0.5 mg/kg every 12 h 

(n = 5)

- Oral isolated CBD oil 

1.2 mg/kg every 12 h 

(n = 5)

- Oral liposomal CBD oil 

0.5 mg/kg every 12 h 

(n = 5)

Placebo oil 

(fractionated coconut 

oil) (n = 5)

4 weeks -Medterra CBD, 

Inc.

- Baylor College of 

Medicine—NIH

Cross-over randomized controlled study

Gamble, 2018 

(18)

- Cross-over

- Randomized

- Placebo-

controlled

- Veterinarian and 

owner blinded

Client-owned dogs 

with radiographic-

confirmed 

osteoarthritis

Oral full-spectrum CBD 

oil 2 mg/kg every 12 h 

plus standard of care 

(NSAIDs, fish oil, and/or 

glucosamine sulfate, 

chondroitin sulfate) 

(n = 16)

Placebo oil (olive oil 

with 10 PPT anise oil 

and 5 PPT peppermint 

oil) plus standard of 

care (NSAIDs, fish oil, 

and/or glucosamine 

sulfate, chondroitin 

sulfate) (n = 16)

10 weeks (4-2-4)* Ellevet LLC

Mejia, 2021 (26) - Cross-over

- Randomized

- Placebo-

controlled

- Veterinarian and 

owner blinded

Client-owned dogs 

with radiographic-

confirmed 

osteoarthritis

Oral full-spectrum CBD 

oil 2.5 mg/kg every 12 h 

(n = 23)

Placebo oil (n = 23) 12 weeks (6-0-6)* Not reported

*Three numbers in parenthesis indicate (1) duration of treatment A, (2) wash-out period before cross-over, and (3) duration of treatment B. CBD, cannabidiol; NSAIDs, nonsteroidal anti-
inflammatory drugs; PPT, parts per thousands.
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evidence of small-study effects. The I2 value indicated modest 
heterogeneity among the three studies. Sensitivity meta-analyses were 
not performed as all three studies were rated as having a high risk 
of bias.

The effects of CBD products on other pain severity scores were as 
follows. Gamble et al. revealed that dogs with OA in the full-spectrum 
CBD oil with the standard of care group did not show a significant 
improvement in the pain scores assessed by veterinarians, compared 
to the standard of care group (18). Kogan et al. (24) found that full-
spectrum CBD oil significantly reduced pain severity scores by 
2.23 units (SD 2.3) from baseline. Mejia et al. (26) found that dogs with 
OA in the full-spectrum CBD oil group compared to the placebo 
group did not show a statistically significant difference in terms 
of LOADs.

3.4.1.2. Pain interference scores
Three studies were included in the meta-analysis (18, 22, 26). CBD 

may reduce pain interference scores, but the evidence is very uncertain 
(very low CoE: MD of CBPI PIS; −1.52, 95% CI; −3.84 to 0.80, 

I2 = 89.59%, p = 0.20, Figure 3). Egger’s test (p = 0.44) indicated no 
evidence of small-study effects. The I2 value indicated considerable 
heterogeneity. Sensitivity meta-analyses were not performed as all 
three studies were rated as having a high risk of bias.

3.4.2. Activity and locomotion
Activity and locomotion were measured as total activity count and 

objective gait analysis (measured as % peak vertical force normalized 
by body weight and % body weight distribution) in one study (26), 
veterinarian-assessed lameness scores and weight-bearing scores in 
one study (18). However, no statistically significant change in activity 
and locomotion was observed between the CBD group and the control 
group in these studies.

3.4.3. Quality of life
Quality of life was reported in one study, which found that dogs 

with OA in the oral transmucosal full-spectrum CBD oil plus standard 
of care group had higher quality of life index than the standard of care 
group. However, this difference was not statistically significant (22).

FIGURE 2

Effects of CBD on pain severity using CBPI—PSS (0–10). CBD, cannabidiol; CBPI, canine brief pain inventory; PSS, pain severity score.

FIGURE 3

Effects of CBD on pain interference using CBPI—PIS (0–10). CBD, cannabidiol; CBPI, canine brief pain inventory; PIS, pain interference score.
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3.4.4. Safety

3.4.4.1. Laboratory parameters
There were no significant changes to the laboratory parameters, 

such as complete blood count, renal function test, or metabolic panel, 
between dogs with OA in the CBD group and the control group in 
four studies (18, 22, 27).

There was no change in liver enzymes observed in three studies 
(22, 27). However, significant elevation in liver enzymes was observed 
in three studies (18, 24, 26). Full-spectrum CBD oil significantly 
increased alkaline phosphatase (ALP) levels from 133.3 U/L at 
baseline to 264 U/L at week 12, which was higher than the normal 
values (24). Full-spectrum CBD oil plus standard of care group had 
higher ALP levels than the standard of care group at week 4 (323 U/L 
vs. 175 U/L) (18). Lastly, 14 dogs in the full-spectrum CBD oil group 
experienced an elevation in ALP levels compared to one dog in the 
placebo group (61% vs. 4%). Among the 14 dogs, six had increased 
alanine aminotransferase (ALT) levels, and three had increased 
aspartate aminotransferase (AST) levels. None of these dogs displayed 
clinical symptoms, and concomitant treatment was continued without 
further owner-reported adverse events (26).

3.4.4.2. Adverse events
Adverse events were reported in three studies (22, 26). CBD 

products were generally well tolerated, with mild or absent 
gastrointestinal side effects reported. Brioschi et al. (22) reported dogs 
experiencing minimal ptyalism (2/9, 22%), somnolence and mild 
ataxia (1/9, 11%), from receiving oral transmucosal full-spectrum 
CBD oil plus standard of care (22). Mild vomiting (1/24, 4%) and 
vomiting leading to treatment discontinuation (1/24, 4%) were 
reported in dogs receiving full-spectrum CBD oil (26).

4. Discussion

CBD, a non-psychotropic compound found in the Cannabis sativa 
L. plant, has been studied with the hope of finding an alternative 
treatment for canine OA. We  performed a systematic review and 
meta-analysis to evaluate the efficacy and safety of CBD products in 

dogs with OA. A total of five studies were identified, which evaluated 
a wide range of CBD products, including oral full-spectrum CBD oil, 
oral transmucosal full-spectrum CBD oil, isolated CBD oil, and 
liposomal CBD oil. The duration of treatment for these products 
ranged from 4–12 weeks.

CBD products can differ greatly. The CBD products used in the 
study varied from the full-spectrum CBD formulations, which contain 
other active substances with synergistic effect (39). This is in contrast 
to isolated CBD formulations that only contain CBD (18). Moreover, 
the different routes of CBD administration may affect its bioavailability 
and absorption. Compared with the oral route, the oral transmucosal 
route may reduce first-pass metabolism of CBD and raise CBD plasma 
levels in participating dogs which increases its anti-inflammatory 
effect on injured joints and is associated with improvements in the 
pain control (22).

The meta-analyses of three studies found that CBD may reduce 
pain scores, but the evidence is very uncertain. There was a high risk 
of bias from selecting the reported results and carryover effects and a 
relatively small number of samples, limiting the precision of the pooled 
estimates. These indicated the need for high-quality clinical trials to 
further investigate the role of CBD on pain control in dogs with OA.

According to the treatment of canine OA in clinical practice, it needs 
multimodal treatment, including physiotherapy, NSAIDs (for acute pain 
in chronic OA patients), gabapentin/amitriptyline (for allodynia 
treatment and as adjuvant treatment for pain), and nutraceuticals 
(omega-3 fatty acids) (5). In some studies, dogs were allowed to 
be treated with multimodal therapy (18, 22, 24). These co-interventions 
may impact the treatment outcomes. As shown in the meta-analyses in 
Figures  2, 3, studies of CBD with a multimodal treatment (18, 22) 
showed a trend that there was a relatively higher magnitude of the 
reduction of pain scores than a study of CBD oil monotherapy (26). The 
concomitant administration of CBD and NSAIDs may result in a 
prolonged duration of the effects of CBD. This is due to the involvement 
of cyclooxygenase type-2 (COX-2) in the metabolism of CBD. Therefore, 
NSAIDs that selectively inhibit COX-2 may impede the breakdown of 
CBD, leading to a longer duration of its pharmacological activity (40). 
Nonetheless, to the best of our knowledge, there was no study in dogs 
investigating the interaction between CBD and gabapentin, 
amitriptyline, fish oil, glucosamine sulfate, and chondroitin sulfate.

TABLE 2 Grading the certainty of the evidence of the effects of cannabidiol on pain.

Certainty assessment Summary of 
findings

Participants 
(studies) 
follow-up

Risk of 
bias

Inconsistency Indirectness Imprecision Publication 
bias

Overall 
certainty of 
evidence

Mean 
difference 
(95% CI)

Pain severity score (follow-up: range 6 weeks to 12 weeks; assessed with: CBPI—PSS; scale from: 0 to 10)

99 (3 RCTs) Very 

seriousa

Not serious Not serious Seriousb None ⨁ ◯◯◯  

very low

−0.60 [−1.51, 0.31]

Pain interference score (follow-up: range 6 weeks to 12 weeks; assessed with: CBPI—PIS; scale from: 0 to 10)

99 (3 RCTs) Very 

seriousa

Not serious Not serious Seriousb None ⨁ ◯◯◯  

very low

−1.52 [−3.84, 0.80]

The certainty of the evidence was assessed using the grading of recommendations, assessment, development and evaluation (GRADE) approach. CI, confidence interval; CBPI, canine brief 
pain inventory; PIS, pain interference score; PSS, pain severity score.
aThere was a high risk of bias from selecting the reported results and carryover effects.
bThere was a relatively small number of samples, limiting the precision of the pooled estimates.
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CBD is generally considered safe and well-tolerated, with few mild 
adverse events observed such as vomiting. Although the ALP levels 
had abnormally risen, the clinical adverse symptoms related to that 
abnormal value were not observed. Furthermore, ALT levels remained 
unchanged, supporting the lack of hepatocellular damage. Therefore, 
hepatotoxic potential of CBD cannot be  determined (18, 24, 26). 
Increased ALP levels might be  associated with the induction of 
cytochrome P-450 mediated oxidative metabolism of the liver as a 
result from receiving Cannabis spp. extract (41, 42).

Due to increase in ALP levels without increased ALT, other 
associated causes, such as cholestasis or a progression of regenerative 
nodular hyperplasia of the live cannot be ruled out (18). On the other 
hand, concurrent use of NSAIDs also might play a role in the ALP 
elevation. Eight of thirteen dogs receiving concomitant NSAIDs 
therapy throughout the study period had significantly risen in ALP 
levels during CBD administration (26). Even though the interaction 
between CBD and NSAIDs has not been studied in dogs, NSAIDs 
were found to be associated with liver enzyme elevation in dogs (6). 
Future studies should focus on liver function enzymes over a 
longer period.

The findings of this systematic review and meta-analysis should 
be interpreted under the following limitations. There was a relatively 
small number of participating dogs in the clinical studies which 
might not be enough to fully establish the clinical efficacy of CBD 
in treating canine OA. There was heterogeneity in terms of the 
different research designs across the included studies. Different 
study designs (cross-over, parallel, single arm), no run-in before 
starting the trial, varying washout period in cross-over study (no 
washout period and 2 weeks), using different strengths of CBD (less 
than 1 mg/kg, 2 mg/kg, and 2.5 mg/kg), using different dosage form 
(oral oil, transmucosal, and tablet), allow co-existing treatment 
(NSAIDs, corticosteroid, gabapentin, amitriptyline, fish oil, 
polysulfated glycosaminoglycan, glucosamine sulfate, chondroitin 
sulfate, and acupuncture), length of study (from 4–12 weeks) and 
using a different approach to quantify the primary outcome 
(subjective report of pain scores by dog owners, objective gait 
analysis, using different pain measurement) were observed among 
five included studies. Moreover, all the included studies were rated 
as having a high risk of bias, thus affecting the credibility of the 
findings of individual studies.

Findings from this study may encourage potential clinical use 
and endorse the commercialization of CBD in the future. However, 
further research with appropriate design is needed to better provide 
stronger evidence of the efficacy and safety of CBD and facilitate 
conducting an updated meta-analysis in the future. Therefore, 
we proposed some features to be considered in the clinical studies 
of CBD products. Firstly, a parallel trial is preferred over a crossover 
trial to avoid the carryover effect. Because there were still no long-
term steady-state pharmacokinetics studies in dogs to determine an 
appropriate washout period to ensure the elimination of CBD, 
conducting the crossover trial may pose a higher risk of carryover 
effect than the parallel trial. Secondly, attempts should be made to 
mask the unique smell of CBD to ensure treatment blinding to 
avoid ascertainment bias. Lastly, objective measures, such as force 
plate gait analysis (43) and infrared thermal imaging (44), are 
preferred over subjective measures to demonstrate the clinical 
efficacy of CBD.

5. Conclusion

CBD is considered safe for treating dogs with OA in the short run. 
CBD may reduce pain scores, but the evidence is very uncertain to 
conclude its clinical efficacy. High-quality randomized controlled 
trials are needed to further evaluate the roles of CBD in treating 
canine OA, especially the long-term efficacy. Pharmacovigilance is 
recommended after the initial product launch to monitor the safety 
profile of CBD products.

Data availability statement

The original contributions presented in the study are included in 
the article/Supplementary material, further inquiries can be directed 
to the corresponding author.

Author contributions

CP and PA conceptualized the study. KL, KM, and KW developed 
the review protocol and performed the systematic review under CP, 
ON, KS, and PA supervision. CP performed statistical analyses. CP, KL, 
KM, and KW wrote the first draft of the manuscript. PA, ON, and KS 
reviewed, revised, and approved the publication of the manuscript. All 
authors contributed to the article and approved the submitted version.

Funding

This study is funded by the Ratchadapiseksompotch Fund 
Chulalongkorn University, ReinUni_65_01_33_29. The funders had no 
role in study design, data collection, data analysis, data interpretation, 
writing of the report, or the decision to submit for publication.

Conflict of interest

The authors declare that the research was conducted in the 
absence of any commercial or financial relationships that could 
be construed as a potential conflict of interest.

Publisher’s note

All claims expressed in this article are solely those of the authors 
and do not necessarily represent those of their affiliated organizations, 
or those of the publisher, the editors and the reviewers. Any product 
that may be evaluated in this article, or claim that may be made by its 
manufacturer, is not guaranteed or endorsed by the publisher.

Supplementary material

The Supplementary material for this article can be found online 
at: https://www.frontiersin.org/articles/10.3389/fvets.2023.1248417/
full#supplementary-material

https://doi.org/10.3389/fvets.2023.1248417
https://www.frontiersin.org/journals/veterinary-science
https://www.frontiersin.org
https://www.frontiersin.org/articles/10.3389/fvets.2023.1248417/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fvets.2023.1248417/full#supplementary-material


Patikorn et al. 10.3389/fvets.2023.1248417

Frontiers in Veterinary Science 09 frontiersin.org

References
 1. Anderson KL, Zulch H, O’Neill DG, Meeson RL, Collins LM. Risk factors for 

canine osteoarthritis and its predisposing arthropathies: a systematic review. Front Vet 
Sci. (2020) 7:220. doi: 10.3389/fvets.2020.00220

 2. Cachon T, Frykman O, Innes J, Lascelles B, Okumura M, Sousa P, et al. Face validity 
of a proposed tool for staging canine osteoarthritis: Canine OsteoArthritis Staging Tool 
(COAST). Vet J. (2018) 235:1–8. doi: 10.1016/j.tvjl.2018.02.017

 3. Clements DN, Carter SD, Innes JF, Ollier WE. Genetic basis of secondary 
osteoarthritis in dogs with joint dysplasia. Am J Vet Res. (2006) 67:909–18. doi: 10.2460/
ajvr.67.5.909

 4. Pettitt RA, German AJ. Investigation and management of canine osteoarthritis. In 
Pract. (2015) 37:1–8. doi: 10.1136/inp.h5763

 5. Monteiro B, Lascelles B, Murrell J, Robertson S, Steagall P, Wright B. 2022 WSAVA 
guidelines for the recognition, assessment and treatment of pain. J Small Anim Pract. 
(2023) 64:177–254. doi: 10.1111/jsap.13566

 6. Monteiro-Steagall B, Steagall P, Lascelles B. Systematic review of nonsteroidal anti-
inflammatory drug-induced adverse effects in dogs. J Vet Intern Med. (2013) 27:1011–9. 
doi: 10.1111/jvim.12127

 7. Fritsch DA, Allen TA, Dodd CE, Jewell DE, Sixby KA, Leventhal PS, et al. A 
multicenter study of the effect of dietary supplementation with fish oil omega-3 fatty 
acids on carprofen dosage in dogs with osteoarthritis. J Am Vet Med Assoc. (2010) 
236:535–9. doi: 10.2460/javma.236.5.535

 8. Barbeau-Grégoire M, Otis C, Cournoyer A, Moreau M, Lussier B, Troncy E. A 2022 
systematic review and meta-analysis of enriched therapeutic diets and nutraceuticals in canine 
and feline osteoarthritis. Int J Mol Sci. (2022) 23:10384. doi: 10.3390/ijms231810384

 9. Hazzah T, André CM, Richter G, Mcgrath S Cannabis in veterinary medicine: a 
critical review. AHVMA. (2020). 61:25.

 10. Atwood BK, Mackie K. CB2: a cannabinoid receptor with an identity crisis. Br J 
Pharmacol. (2010) 160:467–79. doi: 10.1111/j.1476-5381.2010.00729.x

 11. Hinz B, Ramer R. Anti-tumour actions of cannabinoids. Br J Pharmacol. (2019) 
176:1384–94. doi: 10.1111/bph.14426

 12. Mcgrath S, Bartner LR, Rao S, Packer RA, Gustafson DL. Randomized blinded 
controlled clinical trial to assess the effect of oral cannabidiol administration in addition to 
conventional antiepileptic treatment on seizure frequency in dogs with intractable idiopathic 
epilepsy. J Am Vet Med Assoc. (2019) 254:1301–8. doi: 10.2460/javma.254.11.1301

 13. Zanelati T, Biojone C, Moreira F, Guimarães FS, Joca SRL. Antidepressant-like 
effects of cannabidiol in mice: possible involvement of 5-HT1A receptors. Br J 
Pharmacol. (2010) 159:122–8. doi: 10.1111/j.1476-5381.2009.00521.x

 14. Association of American Feed Control Officials. (2020). AAFCO guideline on 
hemp in animal food. Available at: https://www.aafco.org/Portals/0/SiteContent/
Announcements/Guidelines_on_Hemp_in_Animal_Food_July_2020.pdf

 15. Herkenham M, Lynn AB, Little MD, Johnson MR, Melvin LS, De Costa BR, et al. 
Cannabinoid receptor localization in brain. Proc Natl Acad Sci. (1990) 87:1932–6. doi: 
10.1073/pnas.87.5.1932

 16. Pertwee RG. Cannabinoid receptors and pain. Prog Neurobiol. (2001) 63:569–611. 
doi: 10.1016/S0301-0082(00)00031-9

 17. Valastro C, Campanile D, Marinaro M, Franchini D, Piscitelli F, Verde R, et al. 
Characterization of endocannabinoids and related acylethanolamides in the synovial 
fluid of dogs with osteoarthritis: a pilot study. BMC Vet Res. (2017) 13:309. doi: 10.1186/
s12917-017-1245-7

 18. Gamble LJ, Boesch JM, Frye CW, Schwark WS, Mann S, Wolfe L, et al. 
Pharmacokinetics, safety, and clinical efficacy of cannabidiol treatment in osteoarthritic 
dogs. Front Vet Sci. (2018) 5:165. doi: 10.3389/fvets.2018.00165

 19. Garrett ER, Hunt CA. Physicochemical properties, solubility, and protein binding of 
Δ9-tetrahydrocannabinol. J Pharm Sci. (1974) 63:1056–64. doi: 10.1002/jps.2600630705

 20. Samara E, Bialer M, Mechoulam R. Pharmacokinetics of cannabidiol in dogs. Drug 
Metab Dispos. (1988) 16:469–72.

 21. Di Salvo A, Conti MB, Della Rocca G. Pharmacokinetics, efficacy, and safety of 
cannabidiol in dogs: an update of current knowledge. Front Vet Sci. (2023) 10:1204526. 
doi: 10.3389/fvets.2023.1204526

 22. Brioschi FA, Di Cesare F, Gioeni D, Rabbogliatti V, Ferrari F, D’urso ES, et al. Oral 
transmucosal cannabidiol oil formulation as part of a multimodal analgesic regimen: 
effects on pain relief and quality of life improvement in dogs affected by spontaneous 
osteoarthritis. Animals. (2020) 10:10. doi: 10.3390/ani10091505

 23. Gabriele V, Bisanzio D, Riva A, Meineri G, Adami R, Martello E. Long-term effects 
of a diet supplement containing Cannabis sativa oil and Boswellia serrata in dogs with 
osteoarthritis following physiotherapy treatments: a randomised, placebo-controlled 
and double-blind clinical trial. Nat Prod Res. (2022) 37:1782–6. doi: 10.1080/14786 
419.2022.2119967

 24. Kogan L, Hellyer P, Downing R. The use of cannabidiol-rich hemp oil extract to 
treat canine osteoarthritis-related pain: a pilot study. J Am Holist Vet Med Assoc. (2020) 
58:35–45.

 25. Martello E, Biasibetti E, Bigliati M, Meineri G, Bruni N. Preliminary results on the 
efficacy of a dietary supplement combined with physiotherapy in dogs with osteoarthritis 
on biomarkers of oxidative stress and inflammation. Ital J Anim Sci. (2021) 20:2131–3. 
doi: 10.1080/1828051X.2021.2004249

 26. Mejia S, Duerr FM, Griffenhagen G, Mcgrath S. Evaluation of the effect of 
cannabidiol on naturally occurring osteoarthritis-associated pain: a pilot study in dogs. 
J Am Anim Hosp Assoc. (2021) 57:81–90. doi: 10.5326/JAAHA-MS-7119

 27. Verrico CD, Wesson S, Konduri V, Hofferek CJ, Vazquez-Perez J, Blair E, et al. A 
randomized, double-blind, placebo-controlled study of daily cannabidiol for the 
treatment of canine osteoarthritis pain. Pain. (2020) 161:2191–202. doi: 10.1097/j.
pain.0000000000001896

 28. De Briyne N, Holmes D, Sandler I, Stiles E, Szymanski D, Moody S, et al. Cannabis, 
cannabidiol oils and tetrahydrocannabinol—what do veterinarians need to know? 
Animals. (2021) 11:892. doi: 10.3390/ani11030892

 29. Hartsel JA, Boyar K, Pham A, Silver RJ, Makriyannis A (2019). Cannabis in 
Veterinary Medicine: Cannabinoid Therapies for Animals. In: Gupta R,  Srivastava A, 
Lall R editors. Nutraceuticals in veterinary medicine. Springer: Cham. 121–155  doi: 
10.1007/978-3-030-04624-8_10

 30. Patikorn C, Anantachoti P, Nerapusee O, Soontornvipart K, Waleethanaphan K, 
Lawonyawut K, et al. (2023). Efficacy and safety of cannabidiol for the treatment of 
canine osteoarthritis: a systematic review and meta-analysis of animal intervention 
studies. PROSPERO Available at: https://www.crd.york.ac.uk/prospero/display_record.
php?RecordID=381113. (Accessed June 5, 2023).

 31. Higgins JP, Thomas J, Chandler J, Cumpston M, Li T, Page MJ, et al. (editors). 
Cochrane Handbook for Systematic Reviews of Interventions version 6.4. Cochrane 
(2023). Available at: https://www.training.cochrane.org/handbook

 32. Page MJ, Mckenzie JE, Bossuyt PM, Boutron I, Hoffmann TC, Mulrow CD, et al. 
The PRISMA 2020 statement: an updated guideline for reporting systematic reviews. 
BMJ. (2021) 372:n71. doi: 10.1136/bmj.n71

 33. Hooijmans CR, Rovers MM, De Vries RB, Leenaars M, Ritskes-Hoitinga M, 
Langendam MW. SYRCLE’s risk of bias tool for animal studies. BMC Med Res Methodol. 
(2014) 14:43. doi: 10.1186/1471-2288-14-43

 34. Slim K, Nini E, Forestier D, Kwiatkowski F, Panis Y, Chipponi J. Methodological 
index for non-randomized studies (MINORS): development and validation of a new 
instrument. ANZ J Surg. (2003) 73:712–6. doi: 10.1046/j.1445-2197.2003.02748.x

 35. Dersimonian R, Laird N. Meta-analysis in clinical trials. Control Clin Trials. (1986) 
7:177–88. doi: 10.1016/0197-2456(86)90046-2

 36. Egger M, Davey Smith G, Schneider M, Minder C. Bias in meta-analysis detected 
by a simple, graphical test. BMJ. (1997) 315:629–34. doi: 10.1136/bmj.315.7109.629

 37. Atkins D, Best D, Briss PA, Eccles M, Falck-Ytter Y, Flottorp S, et al. Grading 
quality of evidence and strength of recommendations. BMJ. (2004) 328:1490. doi: 
10.1136/bmj.328.7454.1490

 38. Brown DC, Boston RC, Coyne JC, Farrar JT. Ability of the canine brief pain 
inventory to detect response to treatment in dogs with osteoarthritis. J Am Vet Med 
Assoc. (2008) 233:1278–83. doi: 10.2460/javma.233.8.1278

 39. Marinotti O, Sarill M. Differentiating full-spectrum hemp extracts from CBD 
isolates: implications for policy, safety and science. J Diet Suppl. (2020) 17:517–26. doi: 
10.1080/19390211.2020.1776806

 40. Kozak KR, Crews BC, Morrow JD, Wang L-H, Ma YH, Weinander R, et al. 
Metabolism of the endocannabinoids, 2-arachidonylglycerol and anandamide, into 
prostaglandin, thromboxane, and prostacyclin glycerol esters and ethanolamides. J Biol 
Chem. (2002) 277:44877–85. doi: 10.1074/jbc.M206788200

 41. Bornheim LM, Correia MA. Effect of cannabidiol on cytochrome P-450 isozymes. 
Biochem Pharmacol. (1989) 38:2789–94. doi: 10.1016/0006-2952(89)90432-2

 42. Khanna P, Gupta M, Gupta G, Sanwal G, Ali B. Influence of chronic oral intake of 
Cannabis extract on oxidative and hydrolytic metabolism of xenobiotics in rat. Biochem 
Pharmacol. (1991) 41:109–13. doi: 10.1016/0006-2952(91)90017-Y

 43. Brown D, Boston R, Farrar J. Comparison of force plate gait analysis and owner 
assessment of pain using the canine brief pain inventory in dogs with osteoarthritis. J 
Vet Intern Med. (2013) 27:22–30. doi: 10.1111/jvim.12004

 44. Freeman E, Johnson JF, Godbold JC Jr, Riegel RJ. Comparison of infrared thermal 
imaging with two canine pain assessment tools in dogs undergoing treatment for 
chronic back pain. Preprints. (2021) 2021:2021120010. doi: 10.20944/
preprints202112.0010.v2

https://doi.org/10.3389/fvets.2023.1248417
https://www.frontiersin.org/journals/veterinary-science
https://www.frontiersin.org
https://doi.org/10.3389/fvets.2020.00220
https://doi.org/10.1016/j.tvjl.2018.02.017
https://doi.org/10.2460/ajvr.67.5.909
https://doi.org/10.2460/ajvr.67.5.909
https://doi.org/10.1136/inp.h5763
https://doi.org/10.1111/jsap.13566
https://doi.org/10.1111/jvim.12127
https://doi.org/10.2460/javma.236.5.535
https://doi.org/10.3390/ijms231810384
https://doi.org/10.1111/j.1476-5381.2010.00729.x
https://doi.org/10.1111/bph.14426
https://doi.org/10.2460/javma.254.11.1301
https://doi.org/10.1111/j.1476-5381.2009.00521.x
https://www.aafco.org/Portals/0/SiteContent/Announcements/Guidelines_on_Hemp_in_Animal_Food_July_2020.pdf
https://www.aafco.org/Portals/0/SiteContent/Announcements/Guidelines_on_Hemp_in_Animal_Food_July_2020.pdf
https://doi.org/10.1073/pnas.87.5.1932
https://doi.org/10.1016/S0301-0082(00)00031-9
https://doi.org/10.1186/s12917-017-1245-7
https://doi.org/10.1186/s12917-017-1245-7
https://doi.org/10.3389/fvets.2018.00165
https://doi.org/10.1002/jps.2600630705
https://doi.org/10.3389/fvets.2023.1204526
https://doi.org/10.3390/ani10091505
https://doi.org/10.1080/14786419.2022.2119967
https://doi.org/10.1080/14786419.2022.2119967
https://doi.org/10.1080/1828051X.2021.2004249
https://doi.org/10.5326/JAAHA-MS-7119
https://doi.org/10.1097/j.pain.0000000000001896
https://doi.org/10.1097/j.pain.0000000000001896
https://doi.org/10.3390/ani11030892
https://doi.org/10.1007/978-3-030-04624-8_10
https://www.crd.york.ac.uk/prospero/display_record.php?RecordID=381113
https://www.crd.york.ac.uk/prospero/display_record.php?RecordID=381113
https://www.training.cochrane.org/handbook
https://doi.org/10.1136/bmj.n71
https://doi.org/10.1186/1471-2288-14-43
https://doi.org/10.1046/j.1445-2197.2003.02748.x
https://doi.org/10.1016/0197-2456(86)90046-2
https://doi.org/10.1136/bmj.315.7109.629
https://doi.org/10.1136/bmj.328.7454.1490
https://doi.org/10.2460/javma.233.8.1278
https://doi.org/10.1080/19390211.2020.1776806
https://doi.org/10.1074/jbc.M206788200
https://doi.org/10.1016/0006-2952(89)90432-2
https://doi.org/10.1016/0006-2952(91)90017-Y
https://doi.org/10.1111/jvim.12004
https://doi.org/10.20944/preprints202112.0010.v2
https://doi.org/10.20944/preprints202112.0010.v2

	Efficacy and safety of cannabidiol for the treatment of canine osteoarthritis: a systematic review and meta-analysis of animal intervention studies
	1. Introduction
	2. Materials and methods
	2.1. Eligibility criteria
	2.2. Search strategy
	2.3. Study selection
	2.4. Data extraction
	2.5. Quality assessment
	2.6. Data analysis
	2.7. Certainty assessment

	3. Results
	3.1. Study selection
	3.2. Study characteristics
	3.3. Quality assessment
	3.4. Efficacy and safety of CBD products
	3.4.1. Pain
	3.4.1.1. Pain severity scores
	3.4.1.2. Pain interference scores
	3.4.2. Activity and locomotion
	3.4.3. Quality of life
	3.4.4. Safety
	3.4.4.1. Laboratory parameters
	3.4.4.2. Adverse events

	4. Discussion
	5. Conclusion
	Data availability statement
	Author contributions

	References

