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eMethods 1. MOOSE Checklist for Meta-analyses of Observational Studies 

 

Item No Recommendation 
Reported on 

Page No 

Reporting of background should include 

1 Problem definition 5 

2 Hypothesis statement 5 

3 Description of study outcome(s) 6 

4 Type of exposure or intervention used 5,6 

5 Type of study designs used 
5-6, 

Supplementary 
Material 

6 Study population 5,6 

Reporting of search strategy should include 

7 Qualifications of searchers (eg, librarians and investigators) 
Supplementary 

Material 

8 
Search strategy, including time period included in the synthesis and key 
words 

5, Table 1 

9 Effort to include all available studies, including contact with authors 
6, 

Supplementary 
Material 

10 Databases and registries searched 
Abstract, 

Supplementary 
Material 

11 
Search software used, name and version, including special features used 
(eg, explosion) 

6, 7 

12 Use of hand searching (eg, reference lists of obtained articles) 6 

13 List of citations located and those excluded, including justification 
Supplementary 
Material, 
eTable1 

14 Method of addressing articles published in languages other than English 1 

15 Method of handling abstracts and unpublished studies - 

16 Description of any contact with authors 14 

Reporting of methods should include 

17 
Description of relevance or appropriateness of studies assembled for 
assessing the hypothesis to be tested 

6-7 

18 
Rationale for the selection and coding of data (eg, sound clinical principles 
or convenience) 

6-7 

19 
Documentation of how data were classified and coded (eg, multiple raters, 
blinding and interrater reliability) 

Suplplementary 
Material 

20 
Assessment of confounding (eg, comparability of cases and controls in 
studies where appropriate) 

6-7 

21 
Assessment of study quality, including blinding of quality assessors, 
stratification or regression on possible predictors of study results 

6-7, eTable2 

22 Assessment of heterogeneity eTable2 

23 

Description of statistical methods (eg, complete description of fixed or 
random effects models, justification of whether the chosen models account 
for predictors of study results, dose-response models, or cumulative meta-
analysis) in sufficient detail to be replicated 

6-7 
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From: Stroup DF, Berlin JA, Morton SC, et al, for the Meta-analysis Of Observational Studies in 
Epidemiology (MOOSE) Group. Meta-analysis of Observational Studies in Epidemiology. A Proposal for 
Reporting. JAMA. 2000;283(15):2008-2012. doi: 10.1001/jama.283.15.2008. 
	

 

 

 

 

 

 

 

 

 

 

 

 

24 Provision of appropriate tables and graphics 
Tables 1, Figs 

2-4 

Reporting of results should include 

25 Graphic summarizing individual study estimates and overall estimate Figs 2-4 

26 Table giving descriptive information for each study included Table 1 

27 Results of sensitivity testing (eg, subgroup analysis) - 

28 Indication of statistical uncertainty of findings 7-10 

Item No Recommendation 
Reported 
on Page 

No 

Reporting of discussion should include 

29 Quantitative assessment of bias (eg, publication bias) -, 7 

30 Justification for exclusion (eg, exclusion of non-English language citations) eTable1 

31 Assessment of quality of included studies eTable2 

Reporting of conclusions should include 

32 Consideration of alternative explanations for observed results 11 

33 
Generalization of the conclusions (ie, appropriate for the data presented and 
within the domain of the literature review) 

10-14 

34 Guidelines for future research 14 

35 Disclosure of funding source No funding 
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eMethods 2. Research Protocol (CRD42018099863) 

 
[Note: The protocol was originally planned to be an investigation of ECS abnormalities in schizophrenia spectrum 
disorders and depression. However, due to the limited amount of evidence on depression, we decided to focus our 
attention on SSD only]  

Review question 

The Endocannabinoid System (ECS) is a complex endogenous signaling network, which encompasses a number of 
endogenous mediators, their synthetizing and degrading enzymes and two cannabinoid receptors. In the brain, the ECS 
finely modulates the activation of a number of neurotransmitters systems and brain circuitries of relevance for the 
pathophysiology of psychiatric disorders. The majority of the literature on the topic pertains to schizophrenia and 
depression. 
Sparse evidence suggests that easy accessible (i.e., blood and cerebrospinal fluid - CSF) measurements of ECS activity 
might have a diagnostic and prognostic relevance for these two disorders.   

We want to explore if this hypothesis finds confirmation in a systematized review of the available evidence on blood- 
and CSF-markers of the ECS in schizophrenia and depression.   

Searches 
The search will be conducted from inception to June 2018 in Web of Science and PubMed. Articles not in English will 
be excluded.  

Search terms: 

Depression OR depressed OR depressive OR bipolar OR “clinical high risk psychosis” OR “ultra high risk” OR CHR-P 
OR UHR-P OR “prodrome” OR schizophren* OR schizoaffect* OR schizotyp* OR psychotic OR psychosis OR 
delusion* 

AND 

endocannab* OR anandamide OR 2-AG OR 2-arachidonoyl glycerol OR N palmitoylethanolamine OR 
palmitoylethanolamine OR N-oleoylethanolamine OR OEA OR N-stearoylethanolamine OR stearoylethanolamine OR 
N-linoleylethanolamine OR linolenoylethanolamine OR linolenoylethanolamide OR palmitoylglycerol OR 2-PG OR 
oleoylglycerol OR 2-OG OR “cannabinoid receptor” OR CB1 OR cnr2 OR CB2 OR cnr1 OR Monoacylglycerol-lipase 
OR MAGL OR Diacylglycerol-lipase OR DAGL OR “n-acylphosphatidylethanolamine phospholipase” OR NAPE-PL* 
OR “fatty acid amide hydrolase” OR FAAH* OR PPAR OR “α-β-hydrolase domain-containing protein 4” OR ABHD* 
OR n acylethanolamine hydrolyzing acid amidase OR N-acylethanolamine-hydrolising acid amidase OR NAAA 

Types of study to be included 

Inclusion criteria: 

• Studies including participants with a diagnosis of depression and/or schizophrenia according to internationally 
validated criteria1. We will include studies reporting data on patients at any stage of their illness (prodromal, first-
episode, multi-episode/chronic) both with active or remitted symptomatology.  

• Studies reporting data on blood and/or CSF-based ECS markers in patients with schizophrenia and/or depression  

• Studies published in English  

Exclusion criteria:  

• Review, studies published in conference abstracts, letters to the editor  

																																																								
1	DSM- and ICD-based diagnoses. We will also include studies reporting data on participants diagnosed with a 
“prodromal syndrome” for psychosis, defined by internationally validated criteria, such as the comprehensive 
assessment of at risk mental state (CAARMS), the structured interview for psychosis risk (SIPS), Bonn scale for the 
assessment of basic symptoms (BSABS), the schizophrenia proneness instrument (SPI).	
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Condition or domain being studied 

1) Schizophrenia. We will include studies reporting data on patients diagnosed with schizophrenia spectrum disorders 
(i.e., schizophrenia, schizoaffective disorders, schizophreniform disorder) at any stage of illness (prodromal, first-
episode, multi-episode/chronic) both with active or remitted symptomatology.  

2) Depression. We will include studies reporting data on patients diagnosed with depression (i.e., major depressive 
disorder, dysthymic disorder, adjustment disorder with depressed mood and depression NOS). As for schizophrenia 
spectrum disorders, we will select studies investigating blood and CSF-based ECS markers in patients with depression 
at any stage of illness both with active or remitted symptomatology. 

Intervention(s), exposure(s) 
Blood and CSF-based markers of the ECS in patients with schizophrenia and depression. 

Comparator(s)/control 
Blood and CSF-based markers of the ECS in healthy controls. 

Main outcome(s) 
To investigate the diagnostic and prognostic relevance of blood- and CSF-based ECS markers in schizophrenia and 
depression.  

Diagnostic relevance  

To highlight the diagnostic relevance of blood- and CSF-based ECS markers in schizophrenia and depression, we will 
summarize the evidence from studies: 

a. Comparing differences in blood and CSF-based ECS markers between patients and healthy controls; 
b. Reporting and summarising data on correlation analyses between symptoms and blood and CSF-based ECS 

markers in patients; 
c. Reporting data on early stage modifications (prodromal/first-episode) of blood and CSF-based ECS markers in 

patients vs healthy controls. 
 

Prognostic relevance  

To highlight the prognostic relevance of blood- and CSF-based ECS markers in schizophrenia and depression, we will 
summarize the evidence from studies: 

d. Comparing cross-sectional studies investigating modifications of blood and CSF-ECS markers during different 
phases of schizophrenia and depression (acutely ill vs clinically stable/remitted) 

e. Reporting the relationship between modifications of blood and CSF-based ECS markers and response to 
treatment in schizophrenia and depression. 

Additional outcome(s) 
To compare blood- and CSF-based ECS markers in schizophrenia and depression.  

Data extraction (selection and coding) 

Following an initial literature search as described above, two authors (MS and SZ) will examine study titles and 
abstracts to assess eligibility for inclusion, where there is doubt about eligibility the full text of the article will be 
reviewed and if doubt remains there will be discussion between researchers. Where there are disagreements between the 
two authors responsible for initial abstract screening, AM will arbitrate. Data will be extracted on the patients group, 
controls group and on potential confounding factors as described below. We will extract data on the type of ECS 
markers analyzed (i.e., endogenous ligands and/or enzymes and/or receptors), type of bodily fluid from where these 
markers were obtained (whole blood, plasma, serum, peripheral immune cells, CSF), magnitude of difference between 
patients and control, statistical significance of any between group difference and any statistically significant correlation 
observed between ECS levels, symptoms and outcomes. We will also extract data relevant for interpretation of results, 
such as no. of participants, gender, medication status and type of medication received, duration of illness, cannabis use, 
and duration of follow-up for longitudinal studies. 
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Risk of bias (quality) assessment 
Risk of bias will be assessed for individual papers based on an adapted form of the Newcastle-Ottawa scale, assessing 
selection of participants, comparability of study groups and methods of data collection for key outcomes and 
confounders.  

Strategy for data synthesis 
We will try to perform a quantitative synthesis of results of all relevant studies. If not possible, a qualitative synthesis 
will be provided. 

Analysis of confounding factors 
Based on previous evidence suggesting that gender, cannabis use and medications might influence findings on blood 
and CSF-based markers of the ECS components. We will analyze the effect of these variables on the overall findings. 
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eMethods 3. AMSTAR-2 Checklist
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Shea BJ, Reeves BC, Wells G, Thuku M, Hamel C, Moran J, Moher D, Tugwell P, Welch V, 
Kristjansson E, Henry DA. AMSTAR 2: a critical appraisal tool for systematic reviews that include 
randomised or non-randomised studies of healthcare interventions, or both. BMJ. 2017 Sep 
21;358:j4008. 
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eFigure. PRISMA Flow Diagram	
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eResults 1. AEA Levels in the CSF: Stage, Antipsychotic Medications, Cannabis Use 

 
Stage 

Forest plot of AEA findings in CSF of patients with schizophrenia  

Note: Giuffrida et al. (2004) report data on 114 patients with SSD, 67 of which are multi-episode SCZ and 47 FEP 

 

Antipsychotic medications 
 
Antipsychotic free/naïve: SMD 1.12; 95 % CI (0.77-1.48); I2: 48.2% 
Antipsychotic treatment: SMD 0.61; 95 % CI (0.22-0.99); I2: NA 
 

Cannabis use 

Current use: SMD 0.84; 95 % CI (0.60-1.08); I2: 0% 
No current use: SMD 1.46; 95 % CI (1.05-1.87); I2: NA 
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eResults 2. AEA Levels in the	Blood: Stage, Phase, Antipsychotic Medications, Cannabis Use	

 

Stage  
Forest plot of AEA findings in blood of patients with schizophrenia  

 

Note: Giuffrida et. al 2004 report blood AEA levels for FEP only (N=47) 
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Phase 
Forest plot of AEA findings in blood of patients with schizophrenia 

 
Note: Giuffrida et. al 2004 report blood AEA levels for FEP only (N=47) 
 

 

Antipsychotic treatment  
Forest plot of AEA findings in blood of patients with schizophrenia 

 

Note: Giuffrida et. al 2004 report blood AEA levels for FEP only (N=47) 
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Current cannabis use  
Forest plot of AEA findings in blood of patients with schizophrenia 

 

Note: Giuffrida et. al 2004 report blood AEA levels for FEP only (N=47) 

 

Notes:  

Wang et al. (2018)7 did not assess cannabis use; for this reason, it has not been included in the 
analysis on cannabis-users.  
Koethe et al. (2009)4 reported data on prodromal individuals only; for this reason, this study is not 
included in clinical descriptive analyses on illness phase, antipsychotic treatment, and cannabis use.  

 

 

 

 

 

 

 

 

 

 

 



©	2019	American	Medical	Association.	All	rights	reserved.	

eTable 1. Excluded Studies and Reasons for Exclusion 

Reference Reason(s) for exclusion  
Sundram et al. (2001) No peripheral ECS components reported. 
Leweke et al. (2002)  Conference abstract 
Yao et al. (2002) Conference abstract 
Leweke et al. (2003) Conference abstract 
Leweke et al. (2004a) Conference abstract 
Leweke et al. (2004b) Conference abstract 
Guliani et al. (2005) Conference abstract 
Koethe et al. (2005) Conference abstract 
Leweke et al. (2005) Conference abstract 
Giuffrida et al. (2006) Review 
Leweke et al. (2006) Conference abstract 
Irmish et al. (2007) No peripheral ECS components reported. 
Prabakam et al. (2007) No ECS components reported 
Gafoor et al. (2008) Conference abstract 
Koethe et al. (2008a) Conference abstract 
Koethe et al. (2008b) Conference abstract 
Martines Gras et al. (2011) No peripheral ECS components reported. 
Schwarz et al. (2011) No peripheral ECS components reported. 
Lewis et al. (2011) No peripheral ECS components reported. 
Zuardi et al. (2011) Review 
Xenos et al. (2011) Conference abstract 
Bioque et al. (2012) Conference abstract 
Leweke et al. (2012) Conference abstract 
Zakharyan et al. (2012) No peripheral ECS components reported. 
Wong et al. (2012) Conference abstract 
Deng et al. (2013) No peripheral ECS components reported. 
Herberth et al. (2014) No peripheral ECS components reported. 
Schwarz et al. (2014) Conference abstract 
Skosnik et al. (2014) Conference abstract 
Chase et al. (2015) No peripheral ECS components reported. 
Potvin et al. (2015) Letter to the editor 
Malki et al. (2016) No peripheral ECS components reported. 
Dell’Osso et al. (2017) Conference abstract 
Grancini et al. (2017) Conference abstract 
Kalelogliu et al. (2017) No peripheral ECS components reported. 
Reuter et al. (2017) Conference abstract 
Galindo et al. (2017) Conference abstract 
Meyer et al. (2017) Conference abstract 
Coccaro et al. (2018) The large majority of participants are healthy subjects with 

mood dysregulation (only a minority with a diagnosis of 
personality and mood disorder) 

Garcia-Alvarez et al. (2018) No peripheral ECS components reported. 
 



©	2019	American	Medical	Association.	All	rights	reserved.	

 

eTable 2. Risk of Bias 

Risk of Bias – adapted version of Newcastle-Ottawa quality assessment Scale (NOS)11  

SELECTION (range from 0 to 4) 

1) Is the case definition adequate?  Yes, with independent validation (1 point) 
2) Representativeness of the cases Consecutive or obviously representative series of cases (1 point) 
3) Selection of Controls Community controls (1 point) 
4) Definition of Controls No history of disease (1 point) 

COMPARABILITY 

1) Comparability of cases and controls based on the design or analysis (range from 0 to 2) 
a) study controls for age (1 point) 
b) study controls for cannabis use (1 point) 

EXPOSURE 

1) Ascertainment of exposure  
a) secure record (1 point) 
2) Same method of ascertainment for cases and controls  
a) yes (1 point) 

Risk of Bias – adapted version of Newcastle-Ottawa quality assessment Scale (NOS) 

Study Selection Comparability Exposure 

 
Overall 
Score 

Leweke et al. 1999 4 2 2 8 
De Marchi et al. 2003 4 1 2 7 
Giuffrida et al., 2004 4 2 2 8 
Leweke et al., 2007 4 2 2 8 
Hill et al., 2008 4 1 2 7 
Potvin et al., 2008 4 2 2 8 
Hill et al., 2009 4 1 2 8 
Koethe et al., 2009 4 2 2 8 
Desfosses et al., 2012 4 2 2 8 
Leweke et al., 2012 4 2 2 8 
Bioque et al., 2013 4 2 2 8 
Ferretjans et al., 2014 4 1 2 7 
Ogawa et al., 2015 4 1 2 7 
Bioque et al., 2016 4 2 2 8 
Chase et al., 2016 4 1 2 7 
D’Addario et al., 2017 4 1 2 8 
Kranaster et al., 2017 4 1 2 7 
Reuter et al., 2017 4 2 2 8 
Koethe et al., 2018 4 1 2 7 
Moretti et al., 2018 4 1 2 7 
Wang et al., 2018 4 1 2 7 

 

A NOS score of 6/7 can be considered a “good” study (see McPheeters et al. 2012)12 
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