Online supplement 1, PRISMA protocol 
PRISMA-P (Preferred Reporting Items for Systematic review and Meta-Analysis Protocols) 2015 checklist: recommended items to address in a systematic review protocol 


1 ADDIN EN.CITE 
	Section and topic
	Item No
	Checklist item

	ADMINISTRATIVE INFORMATION

	Title:
	
	Determining the intestinal permeability in chronic kidney disease patients; a systematic review on methods and results 

	Registration
	2
	Prospero CRD42015025101

	Authors:
	
	

	 Contact
	3a
	Terpstra ML, Singh R, Geerlings SE, Bemelman FJ

Division of Nephrology, Renal Transplant Unit Division of Infectious Diseases, Department of Internal Medicine, Academic Medical Center, University of Amsterdam, the Netherlands.

Contact e-mail address: m.terpstra@amc.uva.nl 

	 Contributions
	3b
	Describe contributions of protocol authors and identify the guarantor of the review

Terpstra (MLT) and Singh (RS) will perform the electronic search. They will independently screen the articles for inclusion. In case of discussion about inclusion Bemelman (FJB) will be consulted. All authors will contribute to writing the manuscript. 

	Amendments
	4
	Not applicable 

	Support:
	
	

	 Sources
	5a
	Indicate sources of financial or other support for the review

Astellas Pharma

	 Sponsor
	5b
	Provide name for the review funder and/or sponsor

Astellas Pharma

	 Role of sponsor or funder
	5c
	Describe roles of funder(s), sponsor(s), and/or institution(s), if any, in developing the protocol

Unrestricted grant

	INTRODUCTION

	Rationale
	6
	Within the last three decades increasing amount of research has been performed evaluating the intestinal permeability. Many studies about altered intestinal permeability have been published in the gastroenterology field for instance  in inflammatory bowel disease (IBD), celiac disease and liver cirrhosis. Recently,  the loss of intestinal barrier integrity has been linked to various disorders such as diabetes type I,  sepsis and chronic kidney disease  (CKD). 


2, 3 ADDIN EN.CITE 
As result of this there is increasing interest in non-invasive methods of intestinal integrity assessment in humans.  However, at this moment there is no golden standard. 

Presently the most commonly used method is the sugar absorption test. It has been used for many years according to different protocols and is a generally accepted way to assess the intestinal integrity.  


4 ADDIN EN.CITE 
Besides the sugar absorption tests there are various other methods that have been used to evaluate the intestinal barrier integrity and function.  In 2010 Grootjans 5 and colleagues outlined the currently available methods for evaluating loss of human intestinal barrier integrity and function in general. 

As mentioned earlier, there is an association between altered intestinal permeability and CKD. The ideal test for assessing intestinal integrity in CKD should be readily reproducible,  easy to perform, with a small inter- and intra-individual variability and most importantly independent of renal function. There are numerous animal studies that have shown a relationship between loss of the intestinal integrity and CKD using different models and methods. 6 


7 ADDIN EN.CITE   Vaziri  recently discussed the current theories considering the altered intestinal permeability in CKD, mostly supported by animal models. 


8 ADDIN EN.CITE 
Despite the increasing interest towards the intestinal integrity in CKD, a clear overview on which non-invasive methods have been used in human studies is lacking. 

In this systematic review we aim to provide a systematic overview on which non-invasive methods have been used to assess the intestinal permeability  in chronic kidney disease in humans. In addition to this, we will give an overview of the advantages and disadvantage of the used  methods, their deliverables in the different studies and we will summarize their conclusions. Furthermore we will outline the field that  needs to be explored and provide clear goals for future research.  

	Objectives
	7
	1. Provide an overview of non-invasive methods that have been used to assess the intestinal permeability in patients with chronic kidney disease 
2. Point out the advantages and disadvantages of each test and whether the test results are influenced by renal function 
3. Provide an overview of the results of the published data considering the intestinal permeability in patients with chronic kidney disease 
4. To outline the field(s) that have to be explored considering the intestinal permeability in chronic kidney disease patients 

	METHODS

	Eligibility criteria
	8
	Data source and study selection

This review will be performed according to the PRISMA (Preferred Reporting Items for Systematic Reviews and Meta-Analyses) protocol. A systematic literature search through MEDline and EMBASE will be performed, combined with a search through personal databases of all co-authors. Furthermore, the cited articles in the analyzed publications will be assessed on their relevance and included if meeting the eligibility criteria. The references obtained after the search will be stored within Endnote X7 file. Each reference will be categorized according to the inclusion/exclusion criteria. 
Each title and abstract of the articles conducted through the search will be screened by two independent researchers, MLT and RS. If case of discussion about inclusion, a third investigator will be consulted. (FJB) 
We will include all controlled trials and cohort studies using non-invasive methods to assess intestinal permeability in chronic kidney disease patients. Exclusion criteria are: conference abstracts, not written in English, animal studies and pediatric studies. 
Data extraction and quality assessment 

From each included study, the following data will be retrieved: data on CKD etiology, sample size of the subgroups, description of control group, method(s) used to assess the permeability, part of the intestine that is evaluated by this method,  mean or median levels of used marker per subgroup (if provided) and p value of the statistical test that was used to compare the groups. 
If applicable, the interaction between the measurement outcome and renal function will be evaluated; whether or not the measurement outcome was corrected for the renal function.  
The methodological quality assessment will be conducted using the 

Newcastle – Ottowa quality assessment scale case control studies .9 

	Information sources
Search strategy
	9
10


	Described above; ‘8:  Data source and study selection”

Present draft of search strategy to be used for at least one electronic database, including planned limits, such that it could be repeated

We did not restrict searches by date. We searched the following electronic databases:

MEDline (OvicSP) (1946 to 22th of June 2015)

Embase classic + Embase (OvidSP) (1947 to 22th of June 2015)

Search terms in Embase will be: 

((exp kidney disease/ OR ((kidney or renal) adj3 (disease or failure or insufficiency)).mp. OR exp kidney transplantation/ or exp renal replacement therapy/ OR ((kidney or renal) adj3 (transplant* or allotransplat*)).mp. OR (dialysis or he?modialysis).mp. OR (PD or capd or ccpd or apd).ti,ab,kw. OR (esrf or eskf or esrd or eskd).ti,ab,kw. OR (ckd or ckf or crf).ti,ab,kw. OR uremia.mp.) AND ((mucosal adj3 (integrity or permeability or function)).mp. OR((bowel or gut or intestin*) adj3 (permeability or integrity or barrier or leaky or hyperpermeability or dysfunction)).mp. OR intestine mucosa permeability/)) NOT (exp animal/ or animal.hw. or nonhuman/) not (exp human/ or human cell/ or (human or humans).ti.)

This search strategy will be adapted for the MEDline database. 

As mentioned above, we will check the reference lists of all relevant studies retrieved from our search to identify other possible relevant studies for inclusion.

	Study records:
	
	

	Data management
	11a
	Describe the mechanism(s) that will be used to manage records and data throughout the review

Described above ‘8:  Data source and study selection’

	Selection process
	11b
	State the process that will be used for selecting studies (such as two independent reviewers) through each phase of the review (that is, screening, eligibility and inclusion in meta-analysis)

Described above ‘8:  Data source and study selection’

	Data collection process
	11c
	Describe planned method of extracting data from reports (such as piloting forms, done independently, in duplicate), any processes for obtaining and confirming data from investigators

Described above ‘8: Data extraction and quality assessment’

	Data items
	12
	List and define all variables for which data will be sought (such as PICO items, funding sources), any pre-planned data assumptions and simplifications

P: chronic kidney disease patients 
I: measuring the intestinal permeability 
C: healthy controls or patients as its own control in course of time 
O: comparison of the intestinal permeability between the two groups or in course of time within one individual  

	Outcomes and prioritization
	13
	List and define all outcomes for which data will be sought, including prioritization of main and additional outcomes, with rationale

- Methods used to assess the intestinal permeability   

- Results conducted by these methods considering the permeability: between groups (patients vs healthy controls) and in course of time within one individual 
- Interference of the used method with renal function

	Risk of bias in individual studies
	14
	Describe anticipated methods for assessing risk of bias of individual studies, including whether this will be done at the outcome or study level, or both; state how this information will be used in data synthesis

Not applicable 

	Data synthesis
	15a
	Describe criteria under which study data will be quantitatively synthesized
Not applicable 

	
	15b
	If data are appropriate for quantitative synthesis, describe planned summary measures, methods of handling data and methods of combining data from studies, including any planned exploration of consistency (such as I2, Kendall’s τ)

Not applicable

	
	15c
	Describe any proposed additional analyses (such as sensitivity or subgroup analyses, meta-regression)

Not applicable.

	
	15d
	If quantitative synthesis is not appropriate, describe the type of summary planned

Extracted data will be summarized in a table. Results will be discussed in detail throughout the article. 

	Meta-bias(es)
	16
	Specify any planned assessment of meta-bias(es) (such as publication bias across studies, selective reporting within studies)

Not applicable.

	Confidence in cumulative evidence
	17
	Describe how the strength of the body of evidence will be assessed (such as GRADE)

The methodological quality assessment will be conducted using the 
Newcastle – Ottowa quality assessment scale case control studies 9
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Online supplement 2. Search strategies.
	Ovid MEDLINE(R) In-Process & Other Non-Indexed Citations and Ovid MEDLINE(R) 1946 to 2015 June 19 

	#
	Searches

	1
	exp Renal Insufficiency, Chronic/

	2
	((kidney or renal) adj3 (disease or failure or insufficiency)).mp.

	3
	exp Renal Replacement Therapy/

	4
	((kidney or renal) adj3 (transplant* or allotransplat*)).mp.

	5
	(dialysis or he?modialysis).mp.

	6
	(PD or capd or ccpd or apd).ti,ab,kw.

	7
	(esrf or eskf or esrd or eskd).ti,ab,kw.

	8
	(ckd or ckf or crf).ti,ab,kw.

	9
	uremia.mp.

	10
	or/1-9

	11
	(mucosal adj3 (integrity or permeability or function)).mp.

	12
	((bowel or gut or intestin*) adj3 (permeability or integrity or barrier or leaky or hyperpermeability or dysfunction)).mp.

	3
	Permeability/ and exp Intestines/

	14
	11 or 12 or 13

	15
	10 and 14

	16
	animals/ not humans/

	17
	15 not 16

	
	

	Embase Classic+Embase 1947 to 2015 June 19

	#
	Searches

	1
	exp kidney disease/

	2
	((kidney or renal) adj3 (disease or failure or insufficiency)).mp.

	3
	exp kidney transplantation/ or exp renal replacement therapy/

	4
	((kidney or renal) adj3 (transplant* or allotransplat*)).mp.

	5
	(dialysis or he?modialysis).mp.

	6
	(PD or capd or ccpd or apd).ti,ab,kw.

	7
	(esrf or eskf or esrd or eskd).ti,ab,kw.

	8
	(ckd or ckf or crf).ti,ab,kw.

	9
	uremia.mp.

	10
	or/1-9

	11
	(mucosal adj3 (integrity or permeability or function)).mp.

	12
	((bowel or gut or intestin*) adj3 (permeability or integrity or barrier or leaky or hyperpermeability or dysfunction)).mp.

	13
	intestine mucosa permeability/

	14
	11 or 12 or 13

	15
	10 and 14

	16
	(exp animal/ or animal.hw. or nonhuman/) not (exp human/ or human cell/ or (human or humans).ti.)

	17
	15 not 16

	
	

	
	


	Study
	Selection 
	Comparability
	Outcome

	Shi et al. 2014
	***
	-
	*

	Wang et al. 2012
	***
	-
	*

	Bossola et al. 2009
	***
	-
	*

	McIntyre et al. 2011
	***
	*
	*

	Feroze et al. 2012
	***
	*
	**

	Zuckerman et al. 1994
	***
	-
	*

	Szeto et al. 2008
	***
	-
	*

	Cobden et al. 1985
	***
	-
	*

	Magnusson et al. 1991
	***
	*
	*

	Kovacs et al. 1996
	***
	-
	*

	Rostoker et al.  1993
	***
	-
	*

	Layward et al. 1990
	***
	-
	*

	De Maar et al. 1996
	***
	-
	***

	Ponda et al. 2013
	***
	*
	*


Online supplement 3: Quality assessment Newscastle – Ottowa quality assessment scale

