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Figures

Supplementary figure 1. Flow diagram showing results of literature search for BAD.
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Supplementary figure 2. Forest plots showing the estimated pooled prevalence of BAD in patients diagnosed with IBS, if the Rome III criteria were used by Shiha et al.
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Supplementary figure 3. Subgroup analyses of prevalence of BAD diagnosed with SeHCAT, if the Rome III criteria were used by Shiha et al.

a) 7-day retention <5% (severe BAD)
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Supplementary figure 3. Subgroup analyses of prevalence of BAD diagnosed with SeHCAT, if the Rome III criteria were used by Shiha et al.

b) 7-day retention <10% (moderate and severe BAD)
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Supplementary figure 3. Subgroup analyses of prevalence of BAD diagnosed with SeHCAT, if the Rome III criteria were used by Shiha et al.

c) 7-day retention <15% (mild, moderate and severe BAD)
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Supplementary  figure 4. Forest plots, after excluding one study with high risk of bias, showing the estimated pooled prevalence of BAD, if the Rome III criteria were used by Shiha et al.
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Supplementary figure 5. A Forest plot showing the estimated pooled prevalence of BAD based upon an elevated level of 48-hour faecal bile acids.
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Supplementary figure 6. A Forest plot showing the estimated pooled prevalence of BAD based upon an elevated level of 7α-C4.
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Supplementary figure 7. Flow diagram showing results of literature search for CM.
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Supplementary figure 8. Subgroup analyses of prevalence of lactose malabsorption diagnosed with breath testing using

a) studies with a sample size ≥100 and prospective studies
[image: Diagram

Description automatically generated]



Supplementary figure 8. Subgroup analyses of prevalence of lactose malabsorption diagnosed with breath testing using

b) the Rome criteria 
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Supplementary figure 8. Subgroup analyses of prevalence of lactose malabsorption diagnosed with breath testing using

c) [image: Diagram, box and whisker chart
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Supplementary figure 8. Subgroup analyses of prevalence of lactose malabsorption diagnosed with breath testing using

d) studies that used 25g and 50g lactose as the test substrate
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Supplementary figure 9. A funnel plot indicated substantial small-study effects or publication bias among included studies of lactose malabsorption.
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Supplementary figure 10. A Forest plot of the 22 studies, after excluding four studies with high risks of bias, showing the estimated pooled prevalence of lactose malabsorption using breath testing.

[image: Chart

Description automatically generated]

Supplementary figure11. Forest plots showing the estimated pooled prevalence of lactose intolerance using hydrogen breath testing (HBT) and genotyping.
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Supplementary figure 12. A Forest plot of the four studies, after excluding one study with high risk of bias, showing the estimated pooled prevalence of lactose malabsorption using genotyping (C/C-13910 gene).
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Supplementary figure 13. Subgroup analyses of prevalence of fructose malabsorption diagnosed with breath testing using 

a) studies with a sample size ≥100, prospective studies and studies that used 25g of fructose as the test substrate
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Supplementary figure 13. Subgroup analyses of prevalence of fructose malabsorption diagnosed with breath testing using 

b) the Rome criteria 
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Supplementary figure 13. Subgroup analyses of prevalence of fructose malabsorption diagnosed with breath testing using 

c) study location
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Supplementary figure 14. A funnel plot indicated substantial small-study effects or publication bias among included studies of fructose malabsorption.
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Supplementary figure 15. A Forest plot of the nine studies, after excluding four studies with high risks of bias, showing the estimated pooled prevalence of fructose malabsorption using breath testing.
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Supplementary figure 16. A Forest plot showing the estimated pooled prevalence of fructose intolerance.
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Supplementary figure 17. A Forest plot showing the estimated pooled prevalence of sorbitol malabsorption using breath testing.
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Supplementary figure 18. Flow diagram showing results of literature search for MC.
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Supplementary figure 19. A Forest plot of the 14 studies, after excluding three studies with high risks of bias, showing the estimated pooled prevalence of microscopic colitis.
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Supplementary figure 20. Subgroup analyses of prevalence of lymphocytic colitis using

a) studies with a sample size ≥100 and prospective studies
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Supplementary figure 20. Subgroup analyses of prevalence of lymphocytic colitis using

b) the Rome criteria
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Supplementary figure 20. Subgroup analyses of prevalence of lymphocytic colitis using

c) study location
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Supplementary figure 20. Subgroup analyses of prevalence of lymphocytic colitis using

d) studies that utilised >15 and >20 lymphocytes in 100 epithelial cells to define the condition
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Supplementary figure 21. Subgroup analyses of prevalence of collagenous colitis using

a) studies with a sample size ≥100, prospective studies and studies that utilised >10μm sub-epithelial collagenous band to define the condition
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Supplementary figure 21. Subgroup analyses of prevalence of collagenous colitis using

b) the Rome criteria
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Supplementary figure 21. Subgroup analyses of prevalence of collagenous colitis using

c) study location
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Supplementary figure 22. A funnel plot indicated substantial small-study effects or publication bias among included studies of lymphocytic colitis.
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Supplementary figure 23. A funnel plot indicated no small-study effects or publication bias among included studies of collagenous colitis.
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Supplementary figure 24. Flow diagram showing results of literature search for PEI.
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Supplementary figure 25. Flow diagram showing results of literature search for SIBO.
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Supplementary figure 26. Subgroup analyses of prevalence of SIBO diagnosed with lactulose breath test using

a) studies with a sample size ≥100
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Supplementary figure 26. Subgroup analyses of prevalence of SIBO diagnosed with lactulose breath test using

b) [image: Diagram
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Supplementary figure 26. Subgroup analyses of prevalence of SIBO diagnosed with lactulose breath test using

c) prospective studies
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Supplementary figure 26. Subgroup analyses of prevalence of SIBO diagnosed with lactulose breath test using

d) [image: Diagram
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Supplementary figure 26. Subgroup analyses of prevalence of SIBO diagnosed with lactulose breath test using

e) studies that utilised 10g lactulose as the test substrate
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Supplementary figure 27. A funnel plot indicated substantial small-study effects or publication bias among included studies of SIBO using lactulose breath testing.
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Supplementary figure 28. A Forest plot of the 24 studies, after excluding 12 studies with high risks of bias, showing the estimated pooled prevalence of small intestinal bacterial overgrowth using lactulose hydrogen breath testing.
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Supplementary figure 29. Subgroup analyses of prevalence of SIBO diagnosed with glucose breath test using

a) [image: Diagram

Description automatically generated]studies with a sample size ≥100 and the Rome criteria



Supplementary figure 29. Subgroup analyses of prevalence of SIBO diagnosed with glucose breath test using

b) study location
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Supplementary figure 29. Subgroup analyses of prevalence of SIBO diagnosed with glucose breath test using

c) studies that utilised 50g and 100g glucose as the test substrate
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Supplementary figure 30. A funnel plot indicated substantial small-study effects or publication bias among included studies of SIBO using glucose breath testing.
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Supplementary figure 31. A Forest plot of the 14 studies, after excluding eight studies with high risks of bias, showing the estimated pooled prevalence of small intestinal bacterial overgrowth using glucose hydrogen breath testing.
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Supplementary figure 32. A Forest plot of the seven studies showing the estimated pooled prevalence of SIBO, based on examination of the small bowel aspiration.
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Supplementary [image: Box and whisker chart

Description automatically generated with medium confidence]figure 33. Subgroup analyses of prevalence of SIBO diagnosed with small bowel aspiration.

Supplementary figure 34. A Forest plot of the five studies, after excluding two studies with high risks of bias, showing the estimated pooled prevalence of small intestinal bacterial overgrowth using small bowel aspirate.
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Tables


Supplementary table 1. Appraisal of studies evaluating prevalence of BAD

	Author (Year)
	Did the study address a clearly focused issue?
	Was the cohort recruited in an acceptable way?
	Was the exposure accurately measured to minimise bias?
	Was the outcome accurately measured to minimise bias?
	Have the authors identified all important confounding factors?
	Have they taken account of the confounding factors in the design and/or analysis?
	Do you believe the results?
	Can the results be applied to the local population?
	Do the results of this study fit with other available evidence?
	What are the implications of this study for practice?
	Total score

	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	

	Galatola (1992)
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	10

	Sinha (1998)
	1
	1
	1
	1
	1
	1
	1
	0
	1
	1
	9

	Smith (2000)
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	10

	Fernandez-Banares (2007)
	1
	1
	1
	1
	1
	1
	0
	0
	1
	1
	8

	Gracie (2012)
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	10

	Bajor (2014)
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	10

	Camilleri (2014)
	1
	1
	1
	1
	1
	1
	1
	0
	1
	1
	9

	Aziz (2015)
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	10

	Fernandez-Banares (2015)
	1
	0
	1
	1
	1
	1
	0
	0
	1
	1
	7

	Dior (2016)
	1
	1
	1
	1
	1
	1
	0
	0
	1
	1
	8

	Donato (2018)
	1
	0
	0
	1
	0
	0
	1
	0
	1
	1
	5

	Vijayvargiya (2018)
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	10

	Jeffery (2020)
	1
	1
	1
	1
	1
	1
	1
	0
	1
	1
	9

	Shiha et al. (2020)
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	10

	Vijayvargiya (2020)
	1
	1
	1
	1
	1
	1
	1
	0
	1
	1
	9





Supplementary table 2. Appraisal of studies evaluating prevalence of CM

	Author (Year)
	Did the study address a clearly focused issue?
	Was the cohort recruited in an acceptable way?
	Was the exposure accurately measured to minimise bias?
	Was the outcome accurately measured to minimise bias?
	Have the authors identified all important confounding factors?
	Have they taken account of the confounding factors in the design and/or analysis?
	Do you believe the results?
	Can the results be applied to the local population?
	Do the results of this study fit with other available evidence?
	What are the implications of this study for practice?
	Total score

	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	

	Neils (1990)
	1
	1
	0
	1
	0
	0
	1
	0
	1
	1
	6

	Vernia (1995)
	1 
	1
	1
	1
	0 
	0 
	1 
	1 
	1 
	1 
	8 

	Böhmer (1996)
	1
	1
	0
	1
	1
	1
	1
	0
	1
	1
	8

	Hamm (1999)
	1
	1
	0
	1
	1
	1
	1
	1
	1
	1
	9

	Goldstein (2000)
	1 
	1 
	1 
	1 
	0 
	0 
	1 
	1 
	1 
	1 
	8

	Parker (2001)
	1
	1
	0
	1
	1
	1
	1
	1
	1
	1
	9

	Vernia (2001)
	1
	1
	0
	1
	1
	1
	1
	1
	1
	1
	9

	Pimentel (2003)
	1
	1
	1
	1
	1
	1
	1
	0
	1
	1
	9

	Farup (2004)
	1
	0
	0
	1
	1
	1
	1
	1
	1
	1
	8

	Vernia (2004)
	1
	0
	0
	1
	1
	1
	1
	1
	1
	1
	8

	Nucera (2005)
	1
	1
	1
	1
	1
	1
	1
	0
	1
	1
	9

	Bernardes-Silva (2007)
	1
	1
	1
	1
	1
	1
	1
	0
	1
	1
	9

	Fernandez-Banares (2007)
	1
	1
	0
	1
	0
	0
	1
	0
	0
	1
	5

	Gupta (2007)
	1
	1
	0
	0
	1
	1
	1
	1
	1
	1
	8

	Choi (2008)
	1
	1
	1
	1
	1
	1
	1
	0
	1
	1
	9

	Skoog (2008)
	1
	1
	0
	1
	1
	1
	1
	0
	1
	1
	8

	Author (Year)
	Did the study address a clearly focused issue?
	Was the cohort recruited in an acceptable way?
	Was the exposure accurately measured to minimise bias?
	Was the outcome accurately measured to minimise bias?
	Have the authors identified all important confounding factors?
	Have they taken account of the confounding factors in the design and/or analysis?
	Do you believe the results?
	Can the results be applied to the local population?
	Do the results of this study fit with other available evidence?
	What are the implications of this study for practice?
	Total score

	Corlew-Roath (2009)
	1 
	1 
	0 
	0 
	0 
	0 
	1 
	1 
	1 
	1 
	6

	Ghoshal (2009)
	1
	1
	1
	0
	1
	1
	1
	1
	1
	1
	9

	Yakoob (2011)
	1
	1
	1
	0
	1
	1
	0
	1
	1
	1
	8

	Kumar (2012)
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	10

	Berg (2013)
	1
	1
	0
	1
	0
	0
	1
	1
	1
	1
	7

	De Roest (2013)
	1
	1
	0
	1
	0
	1
	1
	1
	1
	1
	8

	Ghoshal (2013)
	1
	1
	0
	1
	1
	1
	1
	1
	1
	1
	9

	Yang (2013)
	1
	1
	0
	1
	1
	1
	1
	0
	1
	1
	8

	Zhu (2013)
	1
	1
	0
	1
	1
	1
	1
	1
	1
	1
	9

	Dainese (2014)
	1
	1
	0
	1
	1
	1
	1
	0
	1
	1
	8

	Goebel-Stengel (2014)
	1
	1
	0
	1
	1
	1
	1
	0
	1
	1
	8

	Jafari (2014)
	1
	0
	0
	0
	0
	0
	1
	1
	1
	1
	5

	Melchoir (2014)
	1
	1
	1
	1
	1
	1
	1
	0
	1
	1
	9

	Sharma (2014)
	1
	1
	0
	1
	0
	0
	1
	0
	1
	1
	6

	Yang (2014)
	1
	1
	0
	1
	1
	1
	1
	0
	1
	1
	8

	Yao (2014)
	1
	1
	0
	1
	0
	0
	1
	0
	1
	1
	6

	Wang (2015)
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	10

	Dabak (2017)
	1
	1
	0
	1
	1
	1
	1
	0
	1
	1
	8

	Xiong (2017)
	1
	1
	0
	1
	1
	1
	1
	0
	1
	1
	8



	Author (Year)
	Did the study address a clearly focused issue?
	Was the cohort recruited in an acceptable way?
	Was the exposure accurately measured to minimise bias?
	Was the outcome accurately measured to minimise bias?
	Have the authors identified all important confounding factors?
	Have they taken account of the confounding factors in the design and/or analysis?
	Do you believe the results?
	Can the results be applied to the local population?
	Do the results of this study fit with other available evidence?
	What are the implications of this study for practice?
	Total score

	Almazar (2018)
	1
	1
	0
	1
	1
	1
	0
	0
	1
	1
	7

	Jung (2018)
	1
	1
	1
	1
	1
	1
	1
	0
	1
	1
	9

	Melchoir (2019)
	1
	1
	1
	1
	1
	1
	1
	0
	1
	1
	9

	Mack (2020)
	1
	1
	1
	1
	1
	1
	0
	0
	0
	1
	7




Supplementary table 3. Appraisal of studies evaluating prevalence of MC

	Author (Year)
	Did the study address a clearly focused issue?
	Was the cohort recruited in an acceptable way?
	Was the exposure accurately measured to minimise bias?
	Was the outcome accurately measured to minimise bias?
	Have the authors identified all important confounding factors?
	Have they taken account of the confounding factors in the design and/or analysis?
	Do you believe the results?
	Can the results be applied to the local population?
	Do the results of this study fit with other available evidence?
	What are the implications of this study for practice?
	Total score

	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	

	Chadwick (2002)
	1
	1
	1
	1
	1
	1
	1
	0
	1
	1
	9

	Tuncer (2003)
	1 
	1 
	1 
	1 
	1 
	1 
	0 
	0 
	1 
	1 
	8

	Tavakkoli (2008)
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	10

	Chey (2010)
	1
	1
	1
	0
	1
	1
	1
	1
	1
	1
	9

	El-Salhy (2011)
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	10

	Ozdil (2011)
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	10

	Rahman (2012)
	1
	1
	1
	1
	1
	1
	1
	0
	1
	1
	9

	Stoicescu (2012)
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	10

	Hilmi (2013)
	1
	1
	0
	1
	1
	1
	1
	0
	1
	1
	8

	Patel (2015)
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	10

	Simsek (2015)
	1
	1
	1
	1
	1
	1
	1
	0
	1
	1
	9

	Ucmak (2015)
	1
	1
	1
	1
	1
	1
	1
	0
	1
	1
	9

	Hilpusch (2017)
	1
	1
	1
	1
	1
	1
	1
	0
	1
	1
	9

	Johnsen (2018)
	1
	1
	0
	1
	0
	0
	1
	0
	1
	1
	6

	Paudel (2018)
	1
	1
	0
	0
	0
	0
	0
	0
	0
	1
	3




	Author (Year)
	Did the study address a clearly focused issue?
	Was the cohort recruited in an acceptable way?
	Was the exposure accurately measured to minimise bias?
	Was the outcome accurately measured to minimise bias?
	Have the authors identified all important confounding factors?
	Have they taken account of the confounding factors in the design and/or analysis?
	Do you believe the results?
	Can the results be applied to the local population?
	Do the results of this study fit with other available evidence?
	What are the implications of this study for practice?
	Total score

	El-Salhy (2019)
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	10

	Asghar (2020)
	1
	1
	0
	0
	0
	0
	1
	1
	1
	1
	6





Supplementary table 4. Appraisal of studies evaluating prevalence of PEI

	Author (Year)
	Did the study address a clearly focused issue?
	Was the cohort recruited in an acceptable way?
	Was the exposure accurately measured to minimise bias?
	Was the outcome accurately measured to minimise bias?
	Have the authors identified all important confounding factors?
	Have they taken account of the confounding factors in the design and/or analysis?
	Do you believe the results?
	Can the results be applied to the local population?
	Do the results of this study fit with other available evidence?
	What are the implications of this study for practice?
	Total score

	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	

	Leeds (2010)
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	10

	Talley (2017)
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	10





Supplementary table 5. Appraisal of studies evaluating prevalence of SIBO

	Author (Year)
	Did the study address a clearly focused issue?
	Was the cohort recruited in an acceptable way?
	Was the exposure accurately measured to minimise bias?
	Was the outcome accurately measured to minimise bias?
	Have the authors identified all important confounding factors?
	Have they taken account of the confounding factors in the design and/or analysis?
	Do you believe the results?
	Can the results be applied to the local population?
	Do the results of this study fit with other available evidence?
	What are the implications of this study for practice?
	Total score

	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	

	Pimentel (2000)
	1
	1
	1
	1
	0
	0
	1
	1
	1
	1
	8

	Ghoshal (2003)
	1
	1
	1
	1
	1
	1
	0
	0
	0
	1
	7

	Pimentel (2003)
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	10

	Pimentel (2003)
	1
	1
	1
	1
	0
	0
	1
	0
	1
	1
	7

	Pimentel (2004)
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	10

	Lupascu (2005)
	1
	1
	1
	1
	1
	1
	1
	0
	1
	1
	9

	Nucera (2005)
	1
	1
	1
	1
	1
	1
	1
	0
	1
	1
	9

	Sharara (2006)
	1
	1
	1
	1
	1
	1
	0
	0
	1
	1
	8

	Esposito (2007)
	1
	1
	1
	1
	0
	1
	1
	0
	1
	1
	8

	Gupta (2007)
	1
	1
	0
	0
	1
	1
	1
	0
	1
	1
	7

	Majewski (2007)
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	10

	Posserud (2007)
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	10

	Carrara (2008)
	1
	1
	1
	1
	0
	1
	1
	1
	1
	1
	9

	
Author (Year)
	Did the study address a clearly focused issue?
	Was the cohort recruited in an acceptable way?
	Was the exposure accurately measured to minimise bias?
	Was the outcome accurately measured to minimise bias?
	Have the authors identified all important confounding factors?
	Have they taken account of the confounding factors in the design and/or analysis?
	Do you believe the results?
	Can the results be applied to the local population?
	Do the results of this study fit with other available evidence?
	What are the implications of this study for practice?
	Total score

	Grover (2008)
	1
	1
	1
	0
	1
	1
	1
	1
	1
	1
	9

	Rana (2008)
	1
	1
	1
	1
	0
	0
	1
	1
	1
	1
	8

	Jung (2009)
	1
	1
	1
	1
	0
	0
	1
	0
	1
	1
	7

	Ghoshal (2009)
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	10

	Koza (2009)
	1
	1
	1
	0
	0
	0
	0
	0
	0
	0
	3

	Mann (2009)
	1
	1
	1
	0
	0
	0
	0
	0
	0
	0
	3

	Peralta (2009)
	1
	1
	1
	0
	0
	0
	1
	0
	1
	1
	6

	Rana (2009)
	1
	1
	1
	0
	1
	1
	1
	0
	0
	1
	7

	Hwang (2010)
	1
	1
	1
	0
	0
	1
	0
	0
	0
	1
	5

	Law (2010)
	1
	1
	1
	1
	1
	0
	1
	1
	1
	1
	9

	Lombardo (2010)
	1
	1
	1
	0
	1
	1
	1
	1
	1
	1
	9

	Reddymasu (2010)
	1
	1
	1
	1
	1
	1
	1
	0
	1
	1
	9

	Kim (2011)
	1
	1
	1
	1
	1
	1
	1
	0
	1
	1
	9

	Sachdeva (2011)
	1
	1
	1
	1
	1
	1
	1
	0
	1
	1
	9

	Yakoob (2011)
	1
	1
	1
	0
	0
	0
	0
	0
	0
	1
	4

	Youn (2011)
	1
	1
	1
	1
	1
	1
	1
	0
	1
	1
	9

	Meyrat (2012)
	1
	1
	1
	1
	0
	1
	1
	1
	1
	1
	9




	Author (Year)
	Did the study address a clearly focused issue?
	Was the cohort recruited in an acceptable way?
	Was the exposure accurately measured to minimise bias?
	Was the outcome accurately measured to minimise bias?
	Have the authors identified all important confounding factors?
	Have they taken account of the confounding factors in the design and/or analysis?
	Do you believe the results?
	Can the results be applied to the local population?
	Do the results of this study fit with other available evidence?
	What are the implications of this study for practice?
	Total score

	Pyleris (2012)
	1
	1
	1
	0
	1
	1
	1
	1
	1
	1
	9

	Rana (2012)
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	10

	Stoicescu (2012)
	1
	1
	1
	0
	0
	0
	0
	0
	1
	1
	5

	De Roest  (2013)
	1
	1
	1
	1
	0
	0
	1
	1
	1
	1
	8

	Lee (2013)
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	10

	Moraru (2013)
	1
	1
	1
	1
	0
	0
	1
	0
	1
	1
	7

	Dupont (2014)
	1
	1
	1
	1
	1
	1
	1
	0
	1
	1
	9

	Ghoshal (2014)
	1
	1
	1
	1
	1
	1
	1
	0
	1
	1
	9

	Melchior (2014)
	1
	1
	1
	1
	1
	1
	1
	0
	1
	1
	9

	Srivastava (2014)
	1
	1
	1
	1
	0
	1
	1
	0
	1
	1
	8

	Zhao (2014)
	1
	1
	1
	1
	0
	1
	1
	0
	1
	1
	8

	Abbasi (2015)
	1
	1
	1
	0
	1
	1
	1
	0
	1
	1
	8

	Lasa  (2015)
	1
	1
	1
	0
	0
	0
	0
	0
	0
	1
	4

	Soldi (2015)
	1
	1
	1
	0
	0
	0
	0
	0
	0
	1
	4

	Chu (2016)
	1
	1
	1
	1
	0
	1
	1
	0
	1
	1
	8

	Nagasako (2016)
	1
	1
	1
	1
	1
	1
	1
	0
	1
	1
	9




	Author (Year)
	Did the study address a clearly focused issue?
	Was the cohort recruited in an acceptable way?
	Was the exposure accurately measured to minimise bias?
	Was the outcome accurately measured to minimise bias?
	Have the authors identified all important confounding factors?
	Have they taken account of the confounding factors in the design and/or analysis?
	Do you believe the results?
	Can the results be applied to the local population?
	Do the results of this study fit with other available evidence?
	What are the implications of this study for practice?
	Total score

	Shimura (2016)
	1
	1
	1
	1
	1
	1
	1
	0
	0
	1
	8

	Ding (2017)
	1
	1
	1
	0
	0
	0
	1
	0
	1
	1
	6

	Jung (2017)
	1
	1
	1
	1
	0
	1
	1
	1
	1
	1
	9

	Moraru (2017)
	1
	1
	1
	1
	0
	0
	1
	0
	0
	1
	6

	Jung (2018)
	1
	1
	1
	1
	0
	1
	1
	1
	1
	1
	9

	Lee (2018)
	1
	1
	1
	1
	0
	1
	0
	0
	1
	1
	7

	Huang (2019)
	1
	1
	1
	1
	1
	1
	0
	0
	1
	1
	8

	Lee (2019)
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	10

	Leventogiannis (2019)
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	10

	Rezaie (2019)
	1
	1
	1
	1
	1
	1
	1
	0
	1
	1
	9

	Wu (2019)
	1
	1
	1
	1
	1
	1
	1
	0
	1
	1
	9

	Li (2020)
	1
	1
	0
	0
	1
	1
	1
	0
	1
	1
	7

	Sundin (2020)
	1
	1
	0
	0
	1
	1
	0
	0
	0
	1
	5

	Yang (2020)
	1
	1
	0
	0
	1
	1
	0
	0
	0
	1
	5

	Zhuang (2020)
	1
	1
	1
	1
	1
	1
	1
	0
	1
	1
	9



Supplementary table 6. Summary of the studies that reported the prevalence of BAD based upon a positive SeHCAT study in patients fulfilling IBS criteria, ordered by year of publication.

	Author
	Year
	Country
	Study design
	Total number of IBS patients
	Number of patients with a SeHCAT retention rate at 7 days
	Crude pooled rate(s)
	Diagnostic criteria for IBS

	
	
	
	
	
	<5%
	<10%
	<11%
	<11·7%
	<15%
	
	

	Galatola et al.[32]
	1992
	Italy
	Cross-sectional study
	98
	··
	··
	··
	56
	··
	57·1%
	Rome I

	Sinha et al.[33]
	1998
	UK
	Retrospective cross-sectional study
	17
	··
	··
	··
	··
	9
	52·9%
	Manning

	Smith et al.[34]
	2000
	UK
	Cross-sectional study
	197
	··
	65
	··
	··
	··
	33·0%
	Rome I

	Fernandez-Banares et al.[35]
	2007
	Spain
	Cross-sectional study
	32
	··
	··
	14
	··
	··
	43·8%
	Rome II

	Gracie et al.[36]
	2012
	UK
	Retrospective cross-sectional study
	77
	2
	6
	··
	··
	21
	2·6%, 7·8%, 27·3%
	Rome III

	Bajor et al.[37]
	2014
	Sweden
	Prospective case-control study 
	141
	14
	26
	··
	··
	45
	9·9%, 18·4%, 31·9%
	Rome II

	Aziz et al.[38]
	2015
	UK
	Cross-sectional study
	118
	12
	20
	··
	··
	28
	10·2%, 16·9%, 23·7%
	Rome III

	Fernandez-Banares et al.[39] 
	2015
	Spain
	Randomised control trial
	26
	14
	17
	··
	··
	22
	53·8%, 65·3%, 84·6%
	Rome III

	Jeffery et al.[40]
	2020
	Ireland
	Prospective case-control study
	45
	4
	11
	··
	··
	18
	8·9%, 24·4%, 40·0%
	Rome IV

	Shiha et al.[41]
	2020
	UK
	Cross-sectional study
	173
139
	16
15
	32
27
	··
··
	··
··
	63
53
	9·2%, 18·4%, 36·4%
10·8%, 19·4%, 38·1%
	Rome III
Rome IV



Supplementary table 7. Summary of the studies that reported the prevalence of BAD based upon an elevated level of 48-hour faecal bile acids in patients fulfilling IBS criteria, ordered by year of publication.

	Author
	Year
	Country
	Study design
	Definition for an elevated level of total faecal bile acids over 48 hours
	Total number of patients
	Number of patients with an elevated level of total faecal bile acids
	Crude pooled rate
	Diagnostic criteria used for IBS

	Camilleri et al.[42]
	2014
	US
	Cross-sectional study
	>2,337 μmol
	54
	19
	35·2%
	Rome III

	Donato et al.[43]
	2018
	US
	Cross-sectional study
	>2,619 μmol
	55
	17
	30·9%
	Rome III

	Vijayvargiya et al.[44]
	2018
	US
	Prospective case-control study 
	>2,337 μmol
	938
	69
	7·4%
	Rome III

	Vijayvargiya et al.[45]
	2020
	US
	Randomised control study
	>2,337 μmol
	30
	9
	30·0%
	Rome III





Supplementary table 8. Summary of the studies that reported the prevalence of BAD based upon an elevated level of 7α-C4 in patients fulfilling IBS criteria, ordered by year of publication.

	Author
	Year
	Country
	Study design
	Definition for an elevated 7α-C4 level
	Total number of patients
	Number of patients with an elevated 7α-C4 level
	Crude pooled rate
	Diagnostic criteria used for IBS

	Bajor et al.[37]
	2014
	Sweden
	Prospective case-control study 
	>8·0 mg/mol for men 
>6·0 mg/mol for women
	133
	30
	22·6%
	Rome II

	Camilleri et al.[42] 
	2014
	US
	Cross-sectional study
	>47·1 ng/mL
	54
	13
	24·1%
	Rome III

	Dior et al.[46]
	2016
	France
	Prospective case-control study 
	>13·63 ng/mL
	15
	5
	33·3%
	Rome III

	Vijayvargiya et al.[45]
	2020
	US
	Randomised control study
	>52·5 ng/mL
	30
	4
	13·3%
	Rome III




Supplementary table 9. Summary of the studies that reported the prevalence of lactose malabsorption +/- intolerance based upon a positive hydrogen breath test in patients fulfilling IBS criteria, ordered by year of publication.

	Author
	Year
	Country
	Study design
	Mode of diagnosis of lactose malabsorption/intolerance
	Dose of lactose for HBT
	Test duration of HBT
	Sample intervals of HBT
	Cut-off criteria for diagnosis of lactose malabsorption
	Total number of IBS patients
	Number of IBS patients with lactose malabsorption
	Crude pooled rate for lactose malabsorption
	Number of IBS patients with lactose intolerance
	Crude pooled rate for lactose intolerance
	Diagnostic criteria used for IBS

	Vernia et al.[47]
	1995
	Italy
	Cross-sectional study
	HBT
	0·5 g/kg body weight up to a maximum of 25g
	4 h
	30 min
	An increase of H2 > 20 ppm above the basal value in ≥ 2 samples
	230
	157
	68·2%
	··
	··
	Manning

	Böhmer et al.[48]
	1996
	Holland
	Prospective case-control study
	HBT + glucose blood test
	50 g in 100 mL of water
	1.5 h
	at 15, 30, 60, 120, 150 and 180 min
	An increase of H2 ≥ 20 ppm above the basal value, and a positive glucose blood test, defined as a flat curve with a maximum rise in glucose of 1·1 mmol/L
	70
	17
	24·3%
	··
	··
	Manning

	Hamm et al.[49]
	1999
	Multi-national (Canada, Germany, Netherlands, UK, US)
	Cross-sectional study
	HBT
	25 g
	3 h
	Not mentioned
	An increase of H2 > 20 ppm, or
CH4 > 12 ppm, or 
a combined increase of > 15 ppm for both H2 and CH4 above the basal value
	1122
	256
	22·8%
	··
	··
	Rome I

	Goldstein et al.[50]
	2000
	Israel
	Prospective case-control study
	HBT
	18 g
	4 h
	30 min
	An increase of H2 ≥ 20 ppm, or
CH4 ≥ 5 ppm
	94
	77
	81·9%
	··
	··
	Rome I

	Parker et al.[51]
	2001
	UK
	Prospective case-control study
	HBT
	50 g
	1.5 h
	at 30, 60, 90, 120, 150 min
	An increase of H2 > 20 ppm above the basal value
	122
	33
	27·0%
	··
	··
	Rome I

	Vernia et al.[52]
	2001
	Italy
	Prospective case-control study
	HBT
	0·5 g/kg body weight up to a maximum of 25g
	4 h
	30 min
	An increase of H2 > 20 ppm above the basal value in ≥ 2 samples
	503
	337
	67·0%
	··
	··
	Rome I

	Pimentel et al.[53]
	2003
	US
	Cross-sectional study
	HBT
	50 g in 250 mL of water
	3 h
	15 min
	A rise in H2 or CH4 > 20 ppm within 3 h
	19
	10
	52·6%
	8
	42·1%
	Rome II




	Author
	Year
	Country
	Study design
	Mode of diagnosis of lactose malabsorption/intolerance
	Dose of lactose for HBT
	Test duration of HBT
	Sample intervals of HBT
	Cut-off criteria for diagnosis of lactose malabsorption
	Total number of IBS patients
	Number of IBS patients with lactose malabsorption
	Crude pooled rate for lactose malabsorption
	Number of IBS patients with lactose intolerance
	Crude pooled rate for lactose intolerance
	Diagnostic criteria used for IBS

	Farup et al.[54]
	2004
	Norway
	Prospective case-control study
	HBT
	25 g
	1.5 h
	at 30, 60, 120 and 180 min
	An increase of H2 >20 ppm above the lowest preceding value, or
peak CH4 excretion >12 ppm above baseline, or an increase of combined H2 and CH4 >15 ppm
	74
	3
	4·1%
	··
	··
	Rome II

	Vernia et al.[55]
	2004
	Italy
	Prospective case-control study
	HBT
	0·5 g/kg body weight up to a maximum of 25g
	4 h
	30 min
	An increase of H2 > 20 ppm above the basal value in ≥ 2 samples
	402
	290
	72·1%
	··
	··
	Rome I

	Nucera et al.[56]
	2005
	Italy
	Cross-sectional study
	HBT
	20 g
	4 h
	30 min
	An increase of H2 > 20 ppm above the basal value
	34
	22
	64·7%
	··
	··
	Rome II

	Bernardes-Silva et al.[57]
	2007
	Brazil
	Prospective case-control study
	HBT
	25 g in 250 mL of water
	1.5 h
	at 60, 90, 120, 150 and 180 min
	An increase of H2 ≥ 20 ppm above the basal value
	75
	31
	41·3%
	28
	37·3%
	Rome II

	Gupta et al.[25] 
	2007
	India
	Prospective case-control study
	HBT
	50 g of lactose in 200 mL of water
	4 h
	15 min
	A persistent rise in H2 of ≥ 12 ppm and ≥ 20 pm above basal level in ≥ 2 samples
	124
	··
	··
	89
	71·7%
	Rome II

	Corlew-Roath et al.[4]
	2009
	US
	Cross-sectional study
	HBT
	50 g
	Not mentioned
	Not mentioned
	Not mentioned
	66
	21
	31·8%
	··
	··
	Rome III

	Ghoshal et al.[58]
	2009
	India
	Cross-sectional study
	HBT
	50 g in 200 mL of water
	3 - 4 h
	15 min
	A persistent rise in H2 > 20 ppm above the basal value on ≥ 2 consecutive readings
	192
	125
	65·1%
	··
	··
	Rome II

	Yakoob et al.[59]
	2011
	Pakistan
	Retrospective Case-control study
	HBT
	50 g
	2 h
	at 30, 60, 90, and 120 min
	A rise of H2 > 20 ppm at 90 or 120-minute samples
	119
	··
	··
	25
	21·0%
	Rome III




	Author
	Year
	Country
	Study design
	Mode of diagnosis of lactose malabsorption/intolerance
	Dose of lactose for HBT
	Test duration of HBT
	Sample intervals of HBT
	Cut-off criteria for diagnosis of lactose malabsorption
	Total number of IBS patients
	Number of IBS patients with lactose malabsorption
	Crude pooled rate for lactose malabsorption
	Number of IBS patients with lactose intolerance
	Crude pooled rate for lactose intolerance
	Diagnostic criteria used for IBS

	De Roest et al.[60]
	2013
	New Zealand
	Cross-sectional study
	HBT
	50 g
	3 h or when HBT became positive 
	15 min
	A rise in H2 > 10 ppm above the basal value in two consecutive readings within 60 min of lactose ingestion
	192
	61
	31·8%
	··
	··
	Rome III

	Ghoshal et al.[2]
	2013
	India
	Cross-sectional study
	HBT
	12 g, 25 g and 50 g
	3 - 4 h
	15 min
	A persistent rise in H2 > 20 ppm above the basal value on ≥ 2 consecutive readings
	150
- 50 had 12 g
- 50 had 25 g
- 50 had 50 g
	12 g:
14

25 g:
41

50 g:
37
	12 g:
28·0%

25 g:
82·0%

50 g:
74·0%
	··
	··
	Rome III

	Yang et al.[3] 
	2013
	China
	Prospective case-control study
	HBT
	10 g, 20 g, and 40 g in 250 mL of water
	3 h
	15 min
	An increase of H2 > 20 ppm above the basal value on ≥ 2 consecutive readings
	60
	10 g:
25

20 g:
52

40 g:
56 
	10 g:
41·6%

20 g:
86·7%

40 g:
93·3%
	10 g:
11

20 g:
28

40 g:
51

	10 g:
18·3%

20 g:
46·7%

40 g:
85·0% 

	Rome III

	Zhu et al.[61]
	2013
	China
	Prospective case-control study
	HBT
	20 g
	3 h
	15 min
	An increase of H2 > 20 ppm above the basal value on ≥ 2 consecutive readings
	277
	211
	76·2%
	149
	53·8%
	Rome III

	Dainese et al.[62]
	2014
	Spain
	Cross-sectional study
	HBT
	50 g
	3 h
	30 min
	An increase of H2 > 25 ppm above the basal value
	51
	24
	47·1%
	14
	27·5%
	Rome III

	Goebel-Stengel et al.[63]
	2014
	Germany
	Retrospective case-control study
	HBT
	50 g in 200 mL of water
	1.5 h
	10 min
	An increase of H2 > 20 ppm above the basal value
	2390
	1023
	42·8%
	848
	35·5%
	Rome II

	Jafari et al.[5]
	2014
	Iran
	Randomised controlled trial
	HBT
	Not mentioned
	Not mentioned
	Not mentioned
	Not mentioned
	332
	214
	64·5%
	··
	··
	Rome III

	Yang et al.[64]
	2014
	China
	Prospective case-control study
	HBT
	20 g
	3 h
	15 min
	An increase of H2 ≥ 20 ppm on ≥ 2 consecutive readings
	55
	48
	87·3%
	25
	45·5%
	Rome III

	Wang et al.[65]
	Year
	Country
	Study design
	Mode of diagnosis of lactose malabsorption/intolerance
	Dose of lactose for HBT
	Test duration of HBT
	Sample intervals of HBT
	Cut-off criteria for diagnosis of lactose malabsorption
	Total number of IBS patients
	Number of IBS patients with lactose malabsorption
	Crude pooled rate for lactose malabsorption
	Number of IBS patients with lactose intolerance
	Crude pooled rate for lactose intolerance
	Diagnostic criteria used for IBS

	Author
	2015
	China
	Cross-sectional study
	HBT
	25 g in 100 mL of water
	3 h
	15 min
	An increase of H2 > 20 ppm above the basal value
	37
	31
	83·8%
	15
	40·5%
	Rome III

	Dabak et al.[66]
	2017
	Turkey
	Prospective case-control study
	HBT
	25 g in 250 mL of water
	2 h
	at 15, 30, 60, 90 and 120 min
	An increase of H2 ≥ 20 ppm on ≥ 2 samples within 2 h
	100
	47
	47·0%
	··
	··
	Rome III

	Xiong et al.[67]
	2017
	China
	Prospective case-control study
	HBT
	25 g in 100 mL of water
	3 h
	15 min
	An increase of H2 > 20 ppm above the basal value on ≥ 2 samples within 3 h
	96
	82
	85·4%
	43
	44·8%
	Rome III

	Almazar et al.[6] 
	2018
	US
	Prospective case-control study
	HBT
	0·5 g/kg of body weight 
	2 h
	15 - 30 min
	A rise of H2 ≥ 20 ppm, or
a rise of ≥ 12 ppm for H2 and CH4 combined
	20
	3
	15·0%
	··
	··
	Rome II

	Mack et al.[7]
	2020
	Germany
	Prospective case-control study
	HBT
	50 g
	2.5 h
	30 min
	An increase of H2 ≥ 20 ppm above basal value
	37
	8
	21·6%
	··
	··
	Rome IV



CH4: methane; H2: hydrogen; HBT: hydrogen breath test; ppm: parts per million
Supplementary table 10. Summary of the studies that reported the prevalence of lactose intolerance based upon genotyping studies in patients fulfilling IBS criteria, ordered by year of publication.

	Author
	Year
	Country
	Study design
	Total number of IBS patients
	Number of IBS patients with C/C-13910
	Crude pooled rate for C/C-13910
	Number of IBS patients with G/G-22018
	Crude pooled rate for G/G-22018
	Diagnostic criteria used for IBS

	Bernardes-Silva et al.[57]
	2007
	Brazil
	Prospective case-control study
	72 underwent genotyping for C/C-13910
75 underwent genotyping for G/G-22018
	34
	47·2%
	37
	49·3%
	Rome II

	Kumar et al.[68]
	2012
	India
	Prospective case-control study
	150
	102
	68·0%
	97
	64·7%
	Rome III

	Ghoshal et al.[2]
	2013
	India
	Cross-sectional study
	150
	91
	60·7%
	··
	··
	Rome III

	Yang et al.[69]
	2013
	China
	Prospective case-control study
	60
	60
	100·0%
	··
	··
	Rome III

	Almazar et al.[6] 
	2018
	US
	Prospective case-control study
	538
	81
	15·1%
	··
	··
	Rome II


 

Supplementary table 11. Summary of the studies that reported the prevalence of fructose malabsorption +/- intolerance based upon a positive hydrogen breath test in patients fulfilling IBS criteria, ordered by year of publication.

	Author
	Year
	Country
	Study design
	Mode of diagnosis of fructose malabsorption/intolerance
	Dose of fructose for HBT
	Test duration of HBT
	Sample intervals of HBT
	Cut-off criteria for diagnosis of fructose malabsorption
	Total number of IBS patients
	Number of IBS patients with fructose malabsorption
	Crude pooled rate for fructose malabsorption
	Number of IBS patients with fructose intolerance
	Crude pooled rate for fructose intolerance
	Diagnostic criteria used for IBS

	Goldstein et al.[50] 
	2000
	Israel
	Prospective case-control study
	HBT
	25 g
	4 h
	30 min
	A rise of H2 ≥ 20 ppm, or
CH4 ≥ 5 ppm
	94
	41
	44·0%
	··
	··
	Rome I

	Nucera et al.[56]
	2005
	Italy
	Cross-sectional study
	HBT
	25 g
	4 h
	30 min
	An increase of H2 > 20 ppm above the basal value
	34
	12
	35·3%
	··
	··
	Rome II

	Choi et al.[70]
	2008
	US
	Cross-sectional study
	HBT
	25 g in 250 mL of water
	5 h
	30 min
	An incremental rise in H2 and/or CH4 of > 5ppm in ≥ 3 samples, or
a value > 20 ppm above the baseline value in 2 consecutive samples
	80
	31
	38·8%
	28
	35·0%
	Rome II

	Skoog et al.[71]
	2008
	US
	Randomised controlled trial
	HBT
	40 g in 330 mL of water
	3 h
	30 min
	A rise of H2 ≥ 20 ppm over the baseline value
	30
	21
	70·0%
	12
	40·0%
	Rome II

	Corlew-Roath et al.[4]
	2009
	US
	Prospective case-control study
	HBT
	25 g
	Not mentioned
	Not mentioned
	Not mentioned
	66
	2
	3·0%
	··
	··
	Rome III

	Berg et al.[9]
	2013
	Norway
	Prospective case-control study
	HBT
	50 g
	2 -4 h
	30 min
	A rise of H2 > 20 ppm, or
CH4 > 12 ppm, or
a sum of combined peaks > 15 ppm
	182
	109
	59·9%
	··
	··
	Rome II

	De Roest et al.[60]
	2013
	New Zealand
	Cross-sectional study
	HBT
	35 g
	3 h
	15 min
	A rise of H2 > 10 ppm above the baseline value on 2 consecutive readings within 60 min of fructose ingestion
	192
	145
	75·5%
	··
	··
	Rome III

	Goebel-Stengel et al.[63]
	2014
	Germany
	Retrospective case series
	HBT
	50 g in 200 mL water
	1.5 h
	10 min
	A rise of H2 > 20 ppm above the baseline value
	2390
	1818
	76·1%
	1531
	64·1%
	Rome II





	Author
	Year
	Country
	Study design
	Mode of diagnosis of fructose malabsorption/intolerance
	Dose of fructose for HBT
	Test duration of HBT
	Sample intervals of HBT
	Cut-off criteria for diagnosis of fructose malabsorption
	Total number of IBS patients
	Number of IBS patients with fructose malabsorption
	Crude pooled rate for fructose malabsorption
	Number of IBS patients with fructose intolerance
	Crude pooled rate for fructose intolerance
	Diagnostic criteria used for IBS

	Melchior et al.[72]
	2014
	France
	Cross-sectional study
	HBT
	25 g in 250 mL of water
	5 h
	30 min
	A rise of H2 and/or CH4 > 20 ppm
	90
	20
	22·2%
	7
	7·8%
	Rome III

	Sharma et al.[10]
	2014
	India
	Prospective case-control study
	HBT
	25 g in 250 mL of water
	3 h
	15 min
	A sustained rise of H2 > 20 ppm above the baseline value
	97
	14
	14·4%
	··
	··
	Rome III

	Jung et al.[8]
	2018
	Korea
	Prospective case-control study
	HBT
	15 g and 25 g in 250 mL of water
	3 h
	30 min
	A sustained rise of H2 > 20 ppm over the baseline value, or
CH4 > 10 ppm, or
H2 and CH4 combined > 15 ppm, or
a sustained rise in H2 and/or CH4 of ≥ 5 ppm on ≥ 3 consecutive samples
	35
	15 g:
7

25 g:
16
	15 g:
20·0%

25 g:
45·7%
	··
	··
	Rome III

	Melchior et al.[73]
	2019
	France
	Cross-sectional study
	HBT
	25 g in 250 mL of water
	5 h
	30 min
	A rise of H2 and/or CH4 > 20 ppm
	88
	40
	45·5%
	··
	··
	Rome III

	Mack et al.[7]
	2020
	Germany
	Prospective case-control study
	HBT
	25 g
	2.5 h
	30 min
	An increase of H2 ≥ 20 ppm above basal value
	37
	9
	24·3%
	··
	··
	Rome IV



CH4: methane; H2: hydrogen; HBT: hydrogen breath test; ppm: parts per million


Supplementary table 12. Summary of the studies that reported the prevalence of alternate or mixed forms of carbohydrate malabsorption in patients fulfilling IBS criteria, ordered by year of publication.

	Author
	Year
	Country
	Study design
	Type of malabsorption
	Mode of diagnosis of malabsorption
	Substrate used for HBT
	Dose of substrate for HBT
	Test duration
	Sample intervals of HBT
	Cut-off criteria for diagnosis of malabsorption
	Total number of IBS patients
	Number of IBS patients with malabsorption
	Crude pooled rate for malabsorption
	Number of IBS patients with intolerance
	Crude pooled rate for intolerance
	Diagnostic criteria used for IBS

	Nelis et al.[74]
	1990
	Netherlands
	Prospective case-control study
	Combined fructose and sorbitol
	HBT
	Fructose-sorbitol
	25 g of fructose + 5 g of sorbitol in 150 mL of water
	3 h
	30 min
	An increase of H2 > 20 ppm above the basal value
	70
	22
	31·4%
	12
	17·1%
	Kruis

	Goldstein et al.[50]
	2000
	Israel
	Prospective case-control study
	Combined fructose and sorbitol
	HBT
	Fructose-sorbitol
	25 g of fructose + 5 g of sorbitol
	4 h
	30 min
	An increase of H2 ≥ 20 ppm, or
CH4 ≥ 5 ppm
	94
	66
	70·2%
	··
	··
	Rome I

	Nucera et al.[56]
	2005
	Italy
	Cross-sectional study
	Sorbitol
	HBT
	Sorbitol
	20 g
	4 h
	30 min
	An increase of H2 > 20 ppm above the basal value
	34
	12
	35·3%
	··
	··
	Rome II

	Fernandez-Banares et al.[35]
	2007
	Spain
	Cross-sectional study
	Lactose 



Combined fructose and sorbitol
	HBT
	Lactose



Fructose-sorbitol
	20 g of lactose in 250 mL of water

20 g of fructose + 3.5 g of sorbitol in 250 mL of water
	3 h



3 h
	15 min



15 min
	An increase of H2 > 20 ppm above the basal value
	32
	3 (for lactose malabsorption and combined fructose-sorbitol malabsorption, breakdown data not available)
	9·4%
	··
	··
	Rome II

	Yao et al.[75]
	2014
	Australia
	Prospective case-control study
	Sorbitol



Mannitol
	HBT
	Sorbitol



Mannitol
	10 g



10 g
	4 h



4 h
	15 min



15 min
	A rise of H2 ≥ 10 ppm above the baseline value on 2 consecutive readings, or
CH4 ≥ 15 ppm from baseline
	20
	12 sorbitol malabsorption


4 mannitol malabsorption
	60·0% sorbitol malabsorption

20·0% mannitol malabsorption
	3 sorbitol malabsorption


3 mannitol 
malabsorption
	15·0% sorbitol malabsorption

15·0% mannitol malabsorption
	Rome III

	Mack et al.[7]
	2020
	Germany
	Prospective case-control study
	Sorbitol
	HBT
	Sorbitol
	10 g
	2.5 h
	30 min
	An increase of H2 ≥ 20 ppm above basal value
	37
	19
	51·4%
	··
	··
	Rome IV



CH4: methane; H2: hydrogen; HBT: hydrogen breath test; ppm: parts per million


Supplementary table 13. Summary of the studies that reported the prevalence of MC in patients fulfilling IBS criteria, ordered by year of publication.

	Author
	Year
	Country
	Study design
	Subtype(s) of MC evaluated
	Definition for
	Total number of IBS patients
	Number of IBS patients with
	Crude pooled rate(s)
	Diagnostic criteria used for IBS

	
	
	
	
	
	MC
	LC
	CC
	
	MC
	LC
	CC
	MC
	LC
	CC
	

	Chadwick et al.[76]
	2002
	New Zealand
	Prospective case-control study
	LC
	··
	Not specifically mentioned. Stated histologic criteria for classic LC was used.
	··
	77
	··
	8
	··
	··
	10·4%
	··
	Rome I

	Tuncer et al.[77] 
	2003
	Turkey
	Cross-sectional study
	LC


CC
	··
	Flattening of surface epithelium, degenerative cuboidal changes, significant intraepithelial lymphocyte infiltration (> 20 lymphocytes against 100 epithelial cells), and mononuclear cell infiltration in the lamina propria
	Sub-epithelial collagenous band thickness of > 15 μm investigated with trichrome dye and H&E stain
	30
	··
	7
	0
	··
	23·3%
	0·0%
	Manning

	Tavakkoli et al.[78]
	2008
	Iran
	Cross-sectional study
	LC


CC
	··
	The presence of > 20 lymphocytes per 100 epithelial cells without thickened collagen band
	Thickening of the sub-epithelial collagenous band > 10 μm with surface epithelial damage, increased plasma cells, eosinophil in lamina propria, and increased intraepithelial lymphocytes
	138
	··
	3
	10
	··
	2·2%
	7·2%
	Rome II

	Chey et al.[79]
	2010
	US
	Prospective case-control study
	LC


CC
	··
	An increase in intraepithelial lymphocytes (> 15 lymphocytes per 100 epithelial cells) and surface epithelial damage with increased lamina propria plasma cells and absent or minimal crypt architectural disruption
	An increase or irregularity in sub-epithelial collagen (> 10 μm) that typically trapped superficial capillaries as well as the other inflammatory changes seen in LC
	466
	··
	4
	3
	··
	0·9%
	0·6%
	Rome II




	Author
	Year
	Country
	Study design
	Subtype(s) of MC evaluated
	Definition for
	Total number of IBS patients
	Number of IBS patients with
	Crude pooled rate(s)
	Diagnostic criteria used for IBS

	
	
	
	
	
	MC
	LC
	CC
	
	MC
	LC
	CC
	MC
	LC
	CC
	

	El-Salhy et al.[80]
	2011
	Norway
	Cross-sectional study
	LC


CC
	··
	An increase in intraepithelial lymphocytes to > 15 lymphocytes per 100 epithelial cells, surface epithelial damage with increased lamina propria, plasma cells and absent or minimal crypt architectural disruption
	An increase or irregularity in sub-epithelial collagen (> 10 μm) that typically trapped superficial capillaries as well as the other inflammatory changes seen in LC
	968
	··
	5
	2
	··
	0·5%
	0·2%
	Rome III

	Ozdil et al.[81]
	2011
	Turkey
	Prospective case-control study
	LC


CC
	··
	An increase in intraepithelial lymphocytes to > 15 lymphocytes per 100 epithelial cells, surface epithelial damage with increased lamina propria, plasma cells and absent or minimal crypt architectural disruption
	An increase or irregularity in sub-epithelial collagen (> 10 μm) that typically trapped superficial capillaries as well as the other inflammatory changes seen in LC
	226
	··
	7
	0
	··
	3·1%
	0·0%
	Rome III

	Rahman et al.[82]
	2012
	Bangladesh
	Cross-sectional study
	LC


CC
	··
	Intraepithelial lymphocytes > 20 per 100 epithelial cells and chronic inflammatory cell infiltration in the lamina propria
	Intraepithelial lymphocytes ≥ 20 per 100 epithelial cells and chronic inflammatory cell infiltration in the lamina propria with sub-epithelial collagen band thickening ≥ 10 μm
	60
	··
	22
	0
	··
	36·7%
	0·0%
	Rome II




	Author
	Year
	Country
	Study design
	Subtype(s) of MC evaluated
	Definition for
	Total number of IBS patients
	Number of IBS patients with
	Crude pooled rate(s)
	Diagnostic criteria used for IBS

	
	
	
	
	
	MC
	LC
	CC
	
	MC
	LC
	CC
	MC
	LC
	CC
	

	Stoicescu et al. [26] 
	2012
	Hungary
	Cross-sectional study
	LC


CC
	··
	> 20 intraepithelial lymphocytes per 100 epithelial cells and an increased number of inflammatory cells in the lamina propria, associated with normal collagen band. Superficial epithelial injuries were also identified.
	Sub-epithelial collagenous band thickening > 10 μm, increased number of inflammatory cells in lamina propria, increased intraepithelial lymphocytes and possible surface epithelial damage
	132
	··
	3
	1
	··
	2·3%
	0·8%
	Rome III

	Hilmi et al.[83]
	2013
	Malaysia
	Prospective case-control study
	LC


CC
	··
	Increased intraepithelial lymphocytes of ≥ 20 per 100 epithelial cells in conjunction with surface epithelial damage, normal collagen layer and normal crypt architecture.
	Abnormally thickened sub-epithelial collagen band of ≥ 10 μm, chronic inflammation including increased intraepithelial lymphocytes and normal crypt architecture
	74
	··
	0
	1
	··
	0·0%
	1·4%
	Rome III

	Patel et al.[84]
	2015
	Canada
	Cross-sectional study
	MC
	Not mentioned 
	··
	··
	559
	12
	··
	··
	2·1%
	··
	··
	Rome III




	Author
	Year
	Country
	Study design
	Subtype(s) of MC evaluated
	Definition for
	Total number of IBS patients
	Number of IBS patients with
	Crude pooled rate(s)
	Diagnostic criteria used for IBS

	
	
	
	
	
	MC
	LC
	CC
	
	MC
	LC
	CC
	MC
	LC
	CC
	

	Simsek et al.[85]
	2015
	Turkey
	Prospective case-control study
	LC


CC
	··
	Flattening of the surface epithelium, degenerative cuboidal changes, significant intraepithelial lymphocyte infiltration (> 20 lymphocytes for every 100 epithelial cells), and mononuclear cell infiltration in the lamina propria
	Sub-epithelial collagenous bands >10 μm in thickness that were dyed with trichrome and H&E stains
	91
	··
	7
	2
	··
	7·7%
	2·2%
	Rome III

	Ucmak et al.[86]
	2015
	Turkey
	Cross-sectional study
	MC
	··
	Chronic inflammatory cell infiltration in lamina propria in addition to > 20 lymphocytes in 100 epithelial cells counted during examination
	Sub-epithelial collagenous band ≥ 10 μm, determined by Masson-Trichrome staining
	89
	··
	19
	0
	··
	21·3%
	0·0%
	Rome III

	Hilpusch et al.[87]
	2017
	Norway
	Cross-sectional study
	LC


CC
	··
	An increase in the number of lymphocytes in the colon mucosa (intraepithelial lymphocytes > 20 per 100 epithelial cells)
	CC will also contain a sub-epithelial collagen band (at least 10 μm, typically 2–7 μm)
	87
	··
	4
	0
	··
	4·6%
	0·0%
	Rome III

	Johnsen et al.[88]
	2018
	Norway
	Randomised controlled trial
	MC
	Not mentioned 
	··
	··
	90
	4
	··
	··
	4·4%
	··
	··
	Rome III

	Paudel et al.[89]
	2018
	Nepal
	Cross-sectional study
	MC
	Not mentioned 
	··
	··
	140
	1
	··
	··
	0·7%
	··
	··
	Rome IV





	Author
	Year
	Country
	Study design
	Subtype(s) of MC evaluated
	Definition for
	Total number of IBS patients
	Number of IBS patients with
	Crude pooled rate(s)
	Diagnostic criteria used for IBS

	
	
	
	
	
	MC
	LC
	CC
	
	MC
	LC
	CC
	MC
	LC
	CC
	

	El-Salhy et al.[90]
	2019
	Norway
	Retrospective case series
	LC


CC
	··
	In the presence of an increase in intraepithelial lymphocytes (> 15 lymphocytes per 100 epithelial cells), surface epithelial damage, increased lamina propria plasma cells, and absent or minimal crypt architectural distribution
	An increase or irregularity in subepithelial collagen (> 10 μm) as well as the other inflammatory changes seen in LC
	1489
	··
	7
	2
	··
	0·5%
	0·1%
	Rome III

	Asghar et al.[91]
	2020
	UK
	Cross-sectional study
	MC
	Not mentioned
	··
	··
	352
	12
	··
	··
	3·4%
	··
	··
	Rome IV



CC: collagenous colitis; LC: lymphocytic colitis; MC: microscopic colitis



Supplementary table 14. Summary of the studies that reported the prevalence of PEI in patients fulfilling IBS criteria, ordered by year of publication.

	Author
	Year
	Country
	Study design
	Definition for PEI 
	Total number of IBS patients
	Number of IBS patients with PEI
	Crude pooled rate
	Diagnostic criteria used for IBS

	Leeds et al.[92]
	2010
	UK
	Prospective case-control study
	Faecal elastase-1 <100 μg/g
	314
	19
	6·1%
	Rome II

	Talley et al.[93]
	2017
	Australia
	Cross-sectional study
	Faecal elastase-1 <200 μg/g
	164
	3
	1·8%
	Rome III




Supplementary table 15. Summary of the studies that reported the prevalence of SIBO in patients fulfilling IBS criteria, ordered by year of publication.

	Author
	Year
	Country
	Study design
	Mode of diagnosis of SIBO
	Substrate used for HBT
	Dose of substrate for HBT
	Test duration
	Sample intervals of HBT
	Cut-off criteria for diagnosis of SIBO
	Total number of IBS patients
	Number of IBS patients with SIBO
	Crude pooled rate for SIBO
	Diagnostic criteria used for IBS

	Pimentel et al.[94]
	2000
	US
	Cross-sectional study
	HBT
	Lactulose
	10 g
	3 h
	15 min
	2 distinct peaks representing small intestinal (early peak) and colonic (late peak) flora, or 

H2 production within 90 min after ingestion of lactulose, or 

An absolute change in H2 concentration of > 20 ppm
	202
	157
	77·7%
	Rome

	Ghoshal et al.[24] 
	2003
	India
	Prospective case-control study
	HBT



Small bowel aspirate
	Glucose



··
	100 g in 200 mL of water

··
	3 h



··
	10 min



··
	Rise of breath H2 by 14 ppm above basal level following glucose administration



Positive culture of small bowel aspirate
	12
	0



3
	0·0%



25·0%
	Rome

	Pimentel et al.[95]
	2003
	US
	Randomised controlled trial
	HBT
	Lactulose
	10 g
	3 h
	15 min
	A rise of breath H2 or CH4 > 20 ppm before 90 min during 180 min, and the presence of the traditional two peaks 
	101
	84
	83·2%
	Rome

	Pimentel et al.[12] 
	2003
	US
	Cross-sectional study
	HBT
	Lactulose
	10 g
	3 h
	15 min
	A rise of > 20 ppm in H2 or CH4 within 90 min of lactulose ingestion
	19
	14
	73·7
	Rome II

	Pimentel et al.[96]
	2004
	US
	Prospective case-control study
	HBT
	Lactulose
	10 g
	3 h
	15 min
	A rise of breath H2 or CH4 > 20 ppm before 90 min during 180 min
	111
	93
	83·8%
	Rome

	Lupascu et al.[97]
	2005
	Italy
	Prospective case-control study
	HBT
	Glucose
	50 g
	2 h
	10 min
	An increase over the baseline of H2 level > 12 ppm
	65
	20
	30·8%
	Rome II

	Nucera et al.[56]
	2005
	Italy 
	Cross-sectional study
	HBT
	Lactulose
	10 g
	4 h
	15 min
	At least 2 distinct peaks, consisting of 2 consecutive H2 values > 10 ppm above basal value after lactulose ingestion, or

H2 production within 90 min after lactulose ingestion
	98
	64
	65·3%
	Rome II

	Sharara et al.[98]
	2006
	US
	Randomised controlled trial
	HBT
	Lactulose
	10 g
	3 h
	15 min
	An early rise in H2 of > 20 ppm within the first 90 min
	70
	0
	0·0%
	Rome II

	Esposito et al.[99]
	2007
	Italy
	Cross-sectional study
	HBT
	Lactulose
	75 g
	3 h 
	15 min
	An increase of H2 > 10 ppm over basal values
	73
	33
	45·2%
	Rome II

	Gupta et al.[25]
	2007
	India
	Prospective case-control study
	HBT
	Glucose
	100 g in 200 mL of water
	4 h
	15 min
	A persistent rise in breath H2 by ≥ 12 ppm and ≥ 20 ppm above basal level on ≥ 2 consecutive readings
	69
	9
	13·0%
	Rome II

	Majewski et al.[100]
	2007
	US
	Cross-sectional study
	HBT
	Glucose
	50 g in 150 mL of water
	1.5 h
	at 30, 45, 60, 75 and 90 min
	A H2 and/or CH4 peak > 20 ppm when the baseline was < 10 ppm, or

An increase of H2 and/or CH4 > 12 ppm when baseline was > 10 ppm
	204
	93
	45·6%
	Rome II

	Posserud et al.[101]
	2007
	Sweden
	Prospective case-control study
	Small bowel aspirate
	··
	··
	··
	··
	> 105 cfu/mL of colonic bacteria
	162
	7
	4·3%
	Rome II

	Carrara et al.[102]
	2008
	Italy
	Cross-sectional study
	HBT
	Lactulose
	10 g
	3 h
	15 min
	An increase of H2 > 20 ppm over basal values within the first 90 min since oral administration of lactulose
	127
	55
	43·3%
	Rome II

	Grover et al.[103]
	2008
	India
	Prospective case-control study
	HBT
	Glucose
	50 g in 200 mL of water
	2 h
	15 min
	An increase in breath H2 > 12 ppm over baseline value
	225
	25
	11·1%
	Rome II




	Author
	Year
	Country
	Study design
	Mode of diagnosis of SIBO
	Substrate used for HBT
	Dose of substrate for HBT
	Test duration
	Sample intervals of HBT
	Cut-off criteria for diagnosis of SIBO
	Total number of IBS patients
	Number of IBS patients with SIBO
	Crude pooled rate for SIBO
	Diagnostic criteria used for IBS

	Jung et al.[13]
	2009
	Korea
	Prospective case-control study
	HBT
	Lactulose
	10 g of in 100 mL of water
	3 h 
	15 min
	A peak of H2 and/or CH4 >20 ppm that occurred 15 min before the colonic peak, or 

An elevated fasting H2 and/or CH4 >12-15 ppm
	38
	7
	18·4%
	Rome II

	Ghoshal et al.[58]
	2009
	India
	Cross-sectional study
	HBT
	Glucose
	100 g in 200 mL of water 
	3 - 4 h
	15 min
	Persistent rise in breath H2 by 20 ppm above the basal level on ≥ 2 consecutive readings, or

A rise of H2 > 12 ppm above the basal level
	115
	10
	8·7%
	Rome II

	Koza et al.[14]
	2009
	Poland
	Prospective case-control study
	HBT
	Lactulose
	10 g in 400 mL of water
	30 min
	15 min
	A rise in H2 ≥ 12 ppm above baseline level
	44
	7
	15·9%
	Rome III

	Mann et al.[15] 
	2009
	US
	Cross-sectional study
	HBT
	Lactulose
	10 g in 30 mL of water
	70 min
	5-10 min
	A rise of H2 > 5 ppm over the fasting value at 60 min or sooner
	258
	89
	34·5%
	Rome III

	Peralta et al.[16]
	2009
	Italy
	Cross-sectional study
	HBT
	Lactulose
	25 g
	3 h
	30 min
	An early increase of H2 > 20 ppm over basal values within 90 min of the oral administration of lactulose, followed by a second distinct peak after additional 15 min or more
	97
	54
	55·7%
	Rome II

	Rana et al.[17] 
	2009
	India
	Prospective case-control study
	HBT
	Lactulose
	10 g
	4 h
	30 min
	A H2 or CH4 peak > 20 ppm over the baseline value in ≥ 2 samples, or

A concentration of CH4 > 10 ppm
	345
	17
	4·9%
	Rome II

	Hwang et al.[18]
	2010
	US
	Cross-sectional study
	HBT
	Lactulose
	10 g in 240 mL of water
	2 h
	15 min
	Any detection of CH4 > 5 ppm
	56
	28
	50·0%
	Rome

	Law et al.[104]
	2010
	US
	Cross-sectional study
	HBT
	Lactulose
	10 g in 250 mL of water
	2.5 h
	15 min
	A rise in H2 ≥ 20 ppm above baseline at or before 90 min from the time of ingestion of lactulose
	555
	302
	54·4%
	Rome

	Lombardo et al.[105]
	2010
	Italy
	Prospective case-control study
	HBT
	Glucose
	50 g in 250 mL of water
	2 h
	15 min
	An increase over the baseline of H2 level > 10 ppm
	200
	49
	24·5%
	Rome III

	Reddymasu et al.[106]
	2010
	US
	Cross-sectional study
	HBT
	Glucose
	50 g in 150 mL of water
	2 h
	15 min
	H2 or CH4 peak was > 20 ppm when baseline was < 10 ppm, or

H2 or CH4 peak increased by > 12 ppm when baseline was ≥ 10 ppm
	98
	35
	35·7%
	Rome II

	Kim et al.[107]
	2011
	Korea
	Cross-sectional study
	HBT
	Lactulose
	10 g
	2.5 h
	15 min
	Baseline H2 concentrations of > 20 ppm, or an increase in the H2 concentration of > 20 ppm above the baseline within 60 min, and

Baseline CH4 concentrations of > 10 ppm, or an increase in the CH4 concentration of > 10 ppm above baseline within 60 min 
	86
	27
	31·4%
	Rome III

	Sachdeva et al.[108]
	2011
	India
	Prospective case-control study
	HBT
	Glucose
	100 g in 200 mL of water
	3 h
	15 min
	A persistent rise in breath H2 or CH4 > 12 ppm above basal on ≥ 2 readings, or

A fasting CH4 concentration of > 10 ppm
	59
	14
	23·7%
	Rome III

	Yakoob et al.[59]
	2011
	Korea
	Prospective case-control study
	HBT
	Lactulose
	10 g in 200 mL of water
	3 h
	15 min
	H2 > 20 ppm at baseline, or 

An increase of H2 > 20 ppm over baseline within 90 min, or

CH4 > 10 ppm at baseline, or

An increase of CH4 > 10 ppm over baseline within 90 min
	84
	46
	54·8%
	Rome II

	Youn et al.[109]
	2012
	Switzer-land
	Cross-sectional study
	HBT
	Lactulose
	10 g in 400 mL of water
	2 h
	20 min for the first hour, then 30 min for the second hour
	An increase in H2 ≥ 12 ppm above the basal value within 60 min of ingesting lactulose on the condition that this early rise in H2 preceded the second prolonged rise in H2 by at least 15 min
	150
	106
	70·7%
	Rome III

	Meyrat et al.[110]
	2012
	Greece
	Cross-sectional study
	Small bowel aspirate
	··
	··
	··
	··
	The presence of > 103 cfu/mL of colonic type aerobic bacteria in the duodenal aspirate.
	112
	42
	37·5%
	Rome II





	Author
	Year
	Country
	Study design
	Mode of diagnosis of SIBO
	Substrate used for HBT
	Dose of substrate for HBT
	Test duration
	Sample intervals of HBT
	Cut-off criteria for diagnosis of SIBO
	Total number of IBS patients
	Number of IBS patients with SIBO
	Crude pooled rate for SIBO
	Diagnostic criteria used for IBS

	Rana et al.[111]
	2012
	India
	Prospective case-control study
	HBT
	Lactulose



Glucose
	10 g



80 g
	2.5 h
	10 min
	Lactulose HBT:
Sustained increase in breath concentration of H2 or CH4 or both ≥ 10 ppm over a baseline value within 90 min

Glucose HBT:
Sustained increase in breath concentration of H2 or CH4 or both ≥ 10 ppm over a baseline value within 120 min
	175
	Lactulose HBT:
60

Glucose HBT:
11
	Lactulose HBT:
34·2%

Glucose HBT:
6·2%
	Rome II

	Stoicescu et al.[26]
	2012
	Romania
	Cross-sectional study
	HBT
	Glucose
	50 g of in 250 mL of water
	2 h
	15 min
	Expired H2 > 10-12 ppm over baseline
	132
	58
	43·9%
	Rome III

	De Roest et al.[60]
	2013
	New Zealand
	Cross-sectional study
	HBT
	Lactulose
	6·7 g
	3 h
	15 min
	A rise in breath H2 > 10 ppm on 2 consecutive readings above baseline within 60 min
	192
	23
	12·0%
	Rome III

	Lee et al.[112]
	2013
	Korea
	Prospective case-control study
	HBT
	Lactulose
	10 g in 200 mL of water
	2.5 h
	15 min
	A rise in H2 > 20 ppm or CH4 > 10 ppm within 90 min
	68
	42
	61.8%
	Rome III

	Moraru et al.[27]
	2013
	Romania
	Cross-sectional study
	HBT
	Glucose
	50 g in 250 mL of water
	2 h
	15 min
	A breath H2 > 20 ppm before 120 min
	72
	8
	11·1%
	Rome III

	Dupont et al.[113]
	2014
	US
	Cross-sectional study
	HBT
	Lactulose
	10 g
	2.5 h
	15 min
	An increase of ≥ 20 ppm in H2 or CH4 during the first 90 min of the test
	48
	20
	41·7%
	Rome II

	Ghoshal et al.[114]
	2014
	India
	Cross-sectional study
	HBT









Small bowel aspirate
	Lactulose


Glucose






··
	10 g of lactulose

100 g of glucose
in 200 mL of water


··
	4 h for lactulose
3 h for glucose






··
	15 min









··
	A sustained increase in breath H2 in ≥ 2 consecutive readings by 12 ppm above basal level following the administration of glucose, or 

A characteristic double peak or an early peak (increase in breath H2 20 ppm above basal levels within 90 min) in breath H2, or

A fasting breath CH4 level of ≥ 10 ppm or increase by ≥ 10 ppm above basal after substrate ingestion


> 105 cfu/mL of bacteria
	80
	Lactulose HBT:
28

Glucose HBT:
4


Small bowel aspirate:
15
	Lactulose HBT:
35·0%

Glucose HBT:
5·0%


Small bowel aspirate:
18·8%
	Rome III

	Melchior et al.[72]
	2014
	France
	Cross-sectional study
	HBT
	Glucose
	75 g in 250 mL of water
	2 h
	15 min
	Peak of H2 or CH4 > 20 ppm, or

Increase of H2 or CH4 levels > 10 ppm in 2 samples by comparison with individual baseline levels, or

Baseline H2 or CH4 levels > 20 ppm despite good compliance with the diet
	90
	1
	1·1%
	Rome III

	Srivastava et al.[115]
	2014
	India
	Prospective case-control study
	Small bowel aspirate
	··
	··
	··
	··
	Colony count ≥ 105 cfu/mL in quantitative upper gut aspirate culture
	82
	15
	18·3%
	Rome III





	Author
	Year
	Country
	Study design
	Mode of diagnosis of SIBO
	Substrate used for HBT
	Dose of substrate for HBT
	Test duration
	Sample intervals of HBT
	Cut-off criteria for diagnosis of SIBO
	Total number of IBS patients
	Number of IBS patients with SIBO
	Crude pooled rate for SIBO
	Diagnostic criteria used for IBS

	Zhao et al.[11] 
	2014
	China
	Prospective case-control study
	HBT
	Lactulose, labelled with 37 MBq 99mTc-diethylene triamine pentaacetic acid
	10 g in 100 mL of water
	3 h
	15 min
	Criteria 1: A H2 rise of ≥ 20 ppm within 180 min

Criteria 2: A H2 rise of ≥ 20 ppm within 90 min

Criteria 3: Dual breath H2 peaks, a 12-ppm increase in breath H2 over baseline with a decrease in  5 ppm before the second peak, or

Criteria 4: Initial H2 rise, involving ≥ 2 consecutive values ≥ 5 ppm above baseline, commenced at least 15 min before an increase in radioactivity (≥ 5% of administered dose) in the caecal region, or

Criteria 5: Initial H2 rise, involving  ≥ 2 consecutive values ≥ 10 ppm above baseline, commenced at least 15 min before an increase in radioactivity (≥5% of administered dose) in the caecal region, or 

Criteria 6: Initial H2 rise, involving ≥ 2 consecutive values ≥ 20 ppm above baseline, commenced at least 15 min before an increase in radioactivity (≥ 5% of administered dose) in the caecal region
	89
	Criteria1:
67

Criteria 2:
28

Criteria 3:
39

Criteria 4:
35

Criteria 5:
15

Criteria 6:
3
	Criteria1:
75·2%

Criteria 2:
31·5%

Criteria 3:
43·8%

Criteria 4:
39·3%

Criteria 5:
16·9%

Criteria 6:
3·4%
	Rome III

	Abbasi et al.[116]
	2015
	Iran
	Prospective case-control study
	HBT
	Glucose
	1g/kg of glucose in 150 mL of water
	100 min
	20 min
	H2 levels > 20 ppm when the baseline was < 10 ppm, or

Increased by > 12 ppm when the baseline was ≥ 10 ppm
	107
	40
	37·4%
	Rome III

	Lasa et al.[19]
	2015
	Argentina
	Prospective case-control study
	HBT
	Lactulose
	6·7 g
	2.5 h
	20 min
	H2 excretion > 20 ppm before 90 min, or

An initial peak of 12 ppm before 90 min followed by a decrease of 5 ppm and a later increase (double H2 peak), and

An increase in CH4 excretion > 3 ppm at any time during the test
	15
	10
	66·7%
	Rome III

	Soldi et al.[20]
	2015
	Italy
	Cross-sectional study 
	HBT
	Lactulose
	Not reported
	Not reported
	Not reported
	Not reported
	15
	12
	80·0%
	Rome II

	Chu et al.[117]
	2016
	China
	Prospective case-control study
	HBT
	Lactulose, labelled with 35 MBq 99mTc-diethylene triamine pentaacetic acid
	10 g in 100 mL of water
	3 h
	15 min
	An initial H2 increase involving at least two consecutive values of ≥5 ppm above baseline, beginning at least 15 min before an increase in radioactivity (≥ 5% of administered dose) in the caecal region
	89
	35
	39·3%
	Rome III

	Nagasako et al.[118]
	2016
	Brazil
	Cross-sectional study
	HBT
	Glucose
	50 g
	2 h
	10 min
	An increase over the baseline H2 level > 12 ppm
	84
	13
	15·5%
	Rome III

	Ning et al.[119]
	2016
	Japan
	Prospective case-control study
	HBT
	Glucose
	50 g in 300 mL of water
	3 h
	15 min
	The basal value was < 10 ppm and the subtracted peak value above basal was ≥ 10 ppm at 60 - 120 min after glucose loading
	10
	0
	0·0%
	Rome III





	Author
	Year
	Country
	Study design
	Mode of diagnosis of SIBO
	Substrate used for HBT
	Dose of substrate for HBT
	Test duration
	Sample intervals of HBT
	Cut-off criteria for diagnosis of SIBO
	Total number of IBS patients
	Number of IBS patients with SIBO
	Crude pooled rate for SIBO
	Diagnostic criteria used for IBS

	Ding et al.[21]
	2017
	China
	Prospective case-control study
	HBT
	Lactulose
	6·7 g
	2.5 h
	20 min
	H2 in fasting breath ≥ 20 ppm, mean H2 level of duplicate measurements at an interval of 20 min ≥ 20 ppm, or

Classical dual peaks, i.e. small intestine peak and colon peak were seen after oral administrated of lactulose. The level of H2 peak was higher than fasting level by 12 ppm, with a starting point before 90 min, and another higher peak appeared 60 min later, or

After oral administrated of lactulose, a high flat H2 peak appeared as a starting point before 90 min, and the highest level was higher than fasting level by 20 ppm within 180 min, or

An increase in H2 ≥ 20 ppm 90 min after oral administrated of lactulose, or

CH4 in fasting breath ≥ 10 ppm, mean CH4 level of duplicate measurements at an interval of 20 min ≥ 10 ppm, or

After oral administrated of lactulose, a high flat CH4 peak appeared as a starting point before 90 min, and the highest level was higher than fasting level by 10 ppm within 180 min
	50
	36
	72·0%
	Rome III

	Jung et al.[120]
	2017
	Korea
	Retrospective case-control study
	HBT
	Lactulose
	10 g of in 200 mL of water
	2 h
	20 min for the first hour, then 15 min for the second hour
	A baseline value of H2 ≥ 20 or CH4 ≥ 10 ppm, or/and

A > 20 ppm increase in H2, or 

≥ 10 in CH4 over the baseline within 90 minutes
	485
	158
	32·6%
	Rome III

	Moraru et al.[28]
	2017
	Romania
	Prospective case-control study
	HBT
	Glucose
	50 g in 250 mL of water
	2 h
	15 min
	A clear H2 peak > 20 ppm before the 120 min
	30
	2
	6·7%
	Rome III

	Jung et al.[8]
	2018
	Korea
	Prospective case-control study
	HBT
	Glucose
	75 g
	3 h
	20 min
	H2 or CH4 peak concentrations > 12 ppm if baseline levels were < 10 ppm, or

An increase in H2 or CH4 peak concentrations > 12 ppm if baseline levels were > 10 ppm
	198
	96
	48·5%
	Rome III

	Lee et al.[22]
	2018
	Korea
	Cross-sectional study
	HBT
	Lactulose
	10 g
	1.5 h
	20 min
	A baseline value of H2 > 20 ppm, and/or

An increase in H2 above the baseline value of > 20 ppm between 15 and 90 min after lactulose ingestion
	11
	6
	54·5%
	Rome III

	Huang et al.[121]
	2019
	China
	Prospective case-control study
	HBT
	Lactulose
	10 g in 200 mL of water
	2.5 h
	20 min
	A baseline value of H2 > 20 ppm with a continuous increase in H2 content, or

An increase in H2 above the baseline value of > 20 ppm within 90 min, or

A baseline value of CH4 > 10 ppm with a continuous increase in CH4 content, or

An increase in baseline value of CH4 > 10 ppm 
	76
	57
	75·0%
	Rome III

	Lee et al.[122]
	2019
	Korea
	Cross-sectional study
	HBT
	Lactulose
	10 g in 20 mL of water
	1.5 h
	20 min
	A baseline value of H2 > 20 ppm, and/or

An increase in H2 above the baseline value of > 20 ppm between 15 and 90 min after lactulose ingestion
	475
	206
	43·4%
	Rome III

	Leventogiannis et al.[123]
	2019
	Greece
	Prospective case-control study
	Small bowel aspirate
	··
	··
	··
	··
	Colony count ≥ 105 cfu/mL and/or presence of colonic type bacteria in the duodenal aspirate
	143
	6
	4·2%
	Rome III

	Rezaie et al.[124]
	2019
	US
	Prospective case-control study
	HBT
	Lactulose
	10 g in 120 mL of water
	up to 2 h
	20 min
	H2 rise of > 20 ppm within 90 min, and/or

CH4 of ≥ 10 ppm at any timepoint
	93
	62
	66·7%
	Rome III

	Wu et al.[125]
	2019
	China
	Prospective case-control study
	HBT
	Lactulose
	10 g
	105 min
	15 min
	A baseline value of H2 ≥ 20 ppm, or 

CH4 of ≥ 10 ppm, or

20 ppm increase in H2 or ≥ 10 ppm increase in CH4 above the baseline value within 90 min
	60
	31
	51·7%
	Rome IV




	Author
	Year
	Country
	Study design
	Mode of diagnosis of SIBO
	Substrate used for HBT
	Dose of substrate for HBT
	Test duration
	Sample intervals of HBT
	Cut-off criteria for diagnosis of SIBO
	Total number of IBS patients
	Number of IBS patients with SIBO
	Crude pooled rate for SIBO
	Diagnostic criteria used for IBS

	Li et al.[29]
	2020
	China
	Prospective case-control study
	HBT
	Glucose
	1 g per each kg of body weight (max. 60 g)
	2 h
	20 min
	An increase of H2 > 10 ppm from baseline
	30
	8
	26·7%
	Rome III

	Sundin et al.[30]
	2020
	Sweden
	Prospective case-control study
	HBT







Small bowel aspirate
	Lactulose



Glucose



··
	10 g in 300 mL of water

45 g in 300 mL of water

··
	2.5 h



2 h



··
	15 min



15 min



··
	Fasting H2 or CH4 of ≥ 15 ppm, or

Rise of H2 or CH4 of ≥ 20 ppm above baseline within 90 min, or

(for lactulose) Two distinct peaks of H2 or CH4 of > 20 ppm



≥ 105 cfu/mL anaerobic mixed bacterial flora
	17
	Lactulose HBT:
5

Glucose HBT:
5

Small bowel aspirate:
0
	Lactulose HBT:
41·7%

Glucose HBT:
41·7%

Small bowel aspirate:
0%
	Rome III

	Yang et al.[31]
	2020
	China
	Prospective case-control study
	HBT
	Glucose
	1 g per each kg of body weight (max. 60 g)
	2 h
	20 min
	Basal H2 > 10 ppm, or

An increase of H2 > 12 ppm above baseline
	77
	34
	44·2%
	Rome III

	Zhuang et al.[126]
	2020
	China
	Cross-sectional study
	HBT
	Lactulose
	10 g in 100 mL of water
	3 h
	30 min
	A basal value of H2 ≥ 20 ppm, or

A > 20 ppm increase in H2 over basal values within 90 min
	78
	45
	57·7%
	Rome IV



CH4: methane; cfu: colony-forming unit; H2: hydrogen; HBT: hydrogen breath test; ppm: parts per million
Supplementary table 16. Summary of the studies that reported the prevalence of BAD in patients fulfilling IBS criteria and healthy controls.

	Author
	Diagnostic criteria for BAD
	Total number of IBS patients
	Number of IBS patients with BAD
	Crude pooled rate of BAD in IBS patients
	Total number of healthy controls
	Number of healthy controls with BAD
	Crude pooled rate of BAD in healthy controls
	Diagnostic criteria used for IBS

	
	
	
	
	
	
	
	
	

	Bajor et al.[37]
	7-day SeHCAT <15%
	141
	45
	31·9%
	29
	0
	0%
	Rome III

	Jeffery et al.[40]
	7-day SeHCAT <15%
	45
	18
	40·0%
	9
	1
	11·1%
	Rome IV

	Vijayvargiya et al.[44]
	48-hour faecal bile acids >2,337 μmol
	938
	69
	7·4%
	30
	0
	0%
	Rome III

	Dior et al.[46]
	7α-C4 >13·63 ng/mL
	15
	5
	33·3%
	12
	0
	0%
	Rome III



Supplementary table 17. Summary of the studies that reported the prevalence of lactose malabsorption +/- intolerance based upon a positive hydrogen breath test in patients fulfilling IBS criteria and healthy controls.

	Author
	Dose of lactose for HBT
	Test duration of HBT
	Sample intervals of HBT
	Cut-off criteria for diagnosis of lactose malabsorption
	Total number of IBS patients
	Number of IBS patients with lactose malabsorption
	Crude pooled rate for lactose malabsorption in IBS patients
	Number of IBS patients with lactose intolerance
	Crude pooled rate for lactose intolerance in IBS patients
	Total number of healthy controls
	Number of healthy controls with lactose malabsorption
	Crude pooled rate of lactose malabsorption in healthy controls
	Number of healthy controls with lactose intolerance
	Crude pooled rate of lactose intolerance in healthy controls
	Diagnostic criteria used for IBS

	Böhmer et al.[48]
	50 g in 100 mL of water
	1.5 h
	at 15, 30, 60, 120, 150 and 180 min
	An increase of H2 ≥ 20 ppm above the basal value, and a positive glucose blood test, defined as a flat curve with a maximum rise in glucose of 1·1 mmol/L
	70
	17
	24·3%
	··
	··
	35
	2
	5·7%
	··
	··
	Manning

	Farup et al.[54]
	25 g
	1.5 h
	at 30, 60, 120 and 180 min
	An increase of H2 >20 ppm above the lowest preceding value, or
peak CH4 excretion >12 ppm above baseline, or an increase of combined H2 and CH4 >15 ppm
	74
	3
	4·1%
	··
	··
	105
	4
	3·8%
	··
	··
	Rome II

	Gupta et al.[25]
	50 g of lactose in 200 mL of water
	4 h
	15 min
	A persistent rise in H2 of ≥ 12 ppm and ≥ 20 pm above basal level in ≥ 2 samples
	124
	··
	··
	89
	71·7%
	53
	··
	··
	32
	60·4%
	Rome II

	Yang et al.[3] 
	10 g, 20 g, and 40 g in 250 mL of water
	3 h
	15 min
	An increase of H2 > 20 ppm above the basal value on ≥ 2 consecutive readings
	60
	10 g:
25

20 g:
52

40 g:
56 
	10 g:
41·6%

20 g:
86·7%

40 g:
93·3%
	10 g:
11

20 g:
28

40 g:
51
	10 g:
18·3%

20 g:
46·7%

40 g:
85·0% 
	60
	10 g:
21

20 g:
48

40 g:
55 
	10 g:
35·0%

20 g:
80·0%

40 g:
91·7%
	10 g:
2

20 g:
13

40 g:
41 
	10 g:
3·3%

20 g:
21·7%

40 g:
68·3%
	Rome III

	Zhu et al.[61]
	20 g
	3 h
	15 min
	An increase of H2 > 20 ppm above the basal value on ≥ 2 consecutive readings
	277
	211
	76·2%
	149
	53·8%
	64
	48
	75·0%
	18
	28·1%
	Rome III

	Yang et al.[64]
	20 g
	3 h
	15 min
	An increase of H2 ≥ 20 ppm on ≥ 2 consecutive readings
	55
	48
	87·3%
	25
	45·5%
	18
	16
	88·9%
	3
	16·7%
	Rome III

	Dabak et al.[66]
	25 g in 250 mL of water
	2 h
	at 15, 30, 60, 90 and 120 min
	An increase of H2 ≥ 20 ppm on ≥ 2 samples within 2 h
	100
	47
	47·0%
	··
	··
	100
	23
	23·0%
	··
	··
	Rome III

	Xiong et al.[67]
	25 g in 100 mL of water
	3 h
	15 min
	An increase of H2 > 20 ppm above the basal value on ≥ 2 samples within 3 h
	96
	82
	85·4%
	43
	44·8%
	47
	34
	72·3%
	8
	17·0%
	Rome III


Supplementary table 18. Summary of the studies that reported the prevalence of lactose intolerance based upon genotyping studies in patients fulfilling IBS criteria and healthy controls.

	Author
	Total number of IBS patients
	Number of IBS patients with C/C-13910
	Crude pooled rate for C/C-13910 in IBS patients
	Number of IBS patients with G/G-22018
	Crude pooled rate for G/G-22018 in IBS patients
	Total number of healthy controls
	Number of healthy controls with C/C-13910
	Crude pooled rate of C/C-13910 in healthy controls
	Number of healthy controls with G/G-22018
	Crude pooled rate of G/G-22018 in healthy controls
	Diagnostic criteria used for IBS

	Bernardes-Silva et al.[57]
	72 underwent genotyping for C/C-13910
75 underwent genotyping for G/G-22018
	34
	47·2%
	37
	49·3%
	74
	37
	50·0%
	38
	51·4%
	Rome II

	Kumar et al.[68]
	150
	102
	68·0%
	97
	64·7%
	252
	155
	61·5%
	154
	61·1%
	Rome III

	Yang et al.[69]
	60
	60
	100·0%
	··
	··
	60
	60
	100·0%
	··
	··
	Rome III




Supplementary table 19. Summary of the studies that reported the prevalence of fructose malabsorption based upon a positive hydrogen breath test in patients fulfilling IBS criteria and healthy controls. 

	Author
	Dose of lactose for HBT
	Test duration of HBT
	Sample intervals of HBT
	Cut-off criteria for diagnosis of fructose malabsorption
	Total number of IBS patients
	Number of IBS patients with fructose malabsorption
	Crude pooled rate for fructose malabsorption in IBS patients
	Total number of healthy controls
	Number of healthy controls with fructose malabsorption
	Crude pooled rate of fructose malabsorption in healthy controls
	Diagnostic criteria used for IBS

	Sharma et al.[10]
	25 g in 250 mL of water
	3 h
	15 min
	A sustained rise of H2 > 20 ppm above the baseline value
	97
	14
	14·4%
	41
	1
	2·4%
	Rome III

	Jung et al.[8]
	15 g and 25 g in 250 mL of water
	3 h
	30 min
	A sustained rise of H2 > 20 ppm over the baseline value, or
CH4 > 10 ppm, or
H2 and CH4 combined > 15 ppm, or
a sustained rise in H2 and/or CH4 of ≥ 5 ppm on ≥ 3 consecutive samples
	35
	15 g:
7

25 g:
16
	15 g:
20·0%

25 g:
45·7%
	35
	15 g:
2

25 g:
8
	15 g:
5·7%

25 g:
22·9%
	Rome III



CH4: methane; H2: hydrogen; HBT: hydrogen breath test; ppm: parts per million
Supplementary table 20. Summary of the studies that reported the prevalence of MC in patients fulfilling IBS criteria and healthy controls.

	Author
	Total number of IBS patients with MC
	Number of IBS patients with MC
	Crude pooled rate of MC in IBS patients 
	Total number of healthy controls
	Number of healthy controls with MC
	Crude pooled rate of MC in healthy controls
	Diagnostic criteria used for IBS

	Chey et al.[79]
	466
	7
	1·5%
	451
	0
	0%
	Rome II

	Ozdil et al.[81]
	226
	7
	3·1%
	152
	0
	0%
	Rome III

	Hilmi et al.[83]
	74
	1
	1·4%
	46
	0
	0%
	Rome III




Supplementary table 21. Summary of the studies that reported the prevalence of SIBO based upon a positive lactulose hydrogen breath test in patients fulfilling IBS criteria and healthy controls.

	Author
	Dose of lactulose for HBT
	Test duration
	Sample intervals of HBT
	Cut-off criteria for diagnosis of SIBO
	Total number of IBS patients
	Number of IBS patients with SIBO
	Crude pooled rate for SIBO in IBS patients
	Total number of healthy controls
	Number of healthy controls with SIBO
	Crude pooled rate of SIBO in healthy controls
	Diagnostic criteria used for IBS

	Pimentel et al.[96]
	10 g
	3 h
	15 min
	A rise of breath H2 or CH4 > 20 ppm before 90 min during 180 min
	111
	93
	83·8%
	15
	3
	20·0%
	Rome

	Jung et al.[13]
	10 g of in 100 mL of water
	3 h 
	15 min
	A peak of H2 and/or CH4 >20 ppm that occurred 15 min before the colonic peak, or 

An elevated fasting H2 and/or CH4 >12-15 ppm
	38
	7
	18·4%
	12
	1
	8·3%
	Rome II

	Koza et al.[14]
	10 g in 400 mL of water
	30 min
	15 min
	A rise in H2 ≥ 12 ppm above baseline level
	44
	7
	15·9%
	28
	0
	0%
	Rome III

	Rana et al.[17]*
	10 g
	4 h
	30 min
	A H2 or CH4 peak > 20 ppm over the baseline value in ≥ 2 samples, or

A concentration of CH4 > 10 ppm
	345
	17
	4·9%
	254
	52
	20·5%
	Rome II

	Youn et al.[109]
	10 g in 200 mL of water
	3 h
	15 min
	H2 > 20 ppm at baseline, or 

An increase of H2 > 20 ppm over baseline within 90 min, or

CH4 > 10 ppm at baseline, or

An increase of CH4 > 10 ppm over baseline within 90 min
	84
	46
	54·8%
	25
	8
	32·0%
	Rome II

	Rana et al.[111]
	10 g
	2.5 h
	10 min
	Sustained increase in breath concentration of H2 or CH4 or both ≥ 10 ppm over a baseline value within 90 min
	175
	60
	34·2%
	150
	45
	30·0%
	Rome II

	Lee et al.[112]
	10 g in 200 mL of water
	2.5 h
	15 min
	A rise in H2 > 20 ppm or CH4 > 10 ppm within 90 min
	68
	42
	61.8%
	55
	21
	38·2%
	Rome III




	Author
	Dose of lactulose for HBT
	Test duration
	Sample intervals of HBT
	Cut-off criteria for diagnosis of SIBO
	Total number of IBS patients
	Number of IBS patients with SIBO
	Crude pooled rate for SIBO in IBS patients
	Total number of healthy controls
	Number of healthy controls with SIBO
	Crude pooled rate of SIBO in healthy controls
	Diagnostic criteria used for IBS

	Zhao et al.[11]
	10 g in 100 mL of water
	3 h
	15 min
	Criteria 1: A H2 rise of ≥ 20 ppm within 180 min

Criteria 2: A H2 rise of ≥ 20 ppm within 90 min

Criteria 3: Dual breath H2 peaks, a 12-ppm increase in breath H2 over baseline with a decrease in  5 ppm before the second peak, or

Criteria 4: Initial H2 rise, involving ≥ 2 consecutive values ≥ 5 ppm above baseline, commenced at least 15 min before an increase in radioactivity (≥ 5% of administered dose) in the caecal region, or

Criteria 5: Initial H2 rise, involving  ≥ 2 consecutive values ≥ 10 ppm above baseline, commenced at least 15 min before an increase in radioactivity (≥5% of administered dose) in the caecal region, or 

Criteria 6: Initial H2 rise, involving ≥ 2 consecutive values ≥ 20 ppm above baseline, commenced at least 15 min before an increase in radioactivity (≥ 5% of administered dose) in the caecal region
	89
	Criteria1:
67

Criteria 2:
28

Criteria 3:
39

Criteria 4:
35

Criteria 5:
15

Criteria 6:
3
	Criteria1:
75·2%

Criteria 2:
31·5%

Criteria 3:
43·8%

Criteria 4:
39·3%

Criteria 5:
16·9%

Criteria 6:
3·4%
	13
	Criteria1:
10

Criteria 2:
4

Criteria 3:
5

Criteria 4:
1

Criteria 5:
0

Criteria 6:
0
	Criteria1:
76·9%

Criteria 2:
30·8%

Criteria 3:
38·5%

Criteria 4:
7·7%

Criteria 5:
0%

Criteria 6:
0%
	Rome III

	Lasa et al.[19]
	6·7 g
	2.5 h
	20 min
	H2 excretion > 20 ppm before 90 min, or

An initial peak of 12 ppm before 90 min followed by a decrease of 5 ppm and a later increase (double H2 peak), and

An increase in CH4 excretion > 3 ppm at any time during the test
	15
	10
	66·7%
	15
	2
	13·3%
	Rome III

	Chu et al.[117]
	10 g in 100 mL of water
	3 h
	15 min
	An initial H2 increase involving at least two consecutive values of ≥5 ppm above baseline, beginning at least 15 min before an increase in radioactivity (≥ 5% of administered dose) in the caecal region
	89
	35
	39·3%
	13
	1
	7·7%
	Rome III

	Author
	Dose of lactulose for HBT
	Test duration
	Sample intervals of HBT
	Cut-off criteria for diagnosis of SIBO
	Total number of IBS patients
	Number of IBS patients with SIBO
	Crude pooled rate for SIBO in IBS patients
	Total number of healthy controls
	Number of healthy controls with SIBO
	Crude pooled rate of SIBO in healthy controls
	Diagnostic criteria used for IBS

	Ding et al.[21]
	6·7 g
	2.5 h
	20 min
	H2 in fasting breath ≥ 20 ppm, mean H2 level of duplicate measurements at an interval of 20 min ≥ 20 ppm, or

Classical dual peaks, i.e. small intestine peak and colon peak were seen after oral administrated of lactulose. The level of H2 peak was higher than fasting level by 12 ppm, with a starting point before 90 min, and another higher peak appeared 60 min later, or

After oral administrated of lactulose, a high flat H2 peak appeared as a starting point before 90 min, and the highest level was higher than fasting level by 20 ppm within 180 min, or

An increase in H2 ≥ 20 ppm 90 min after oral administrated of lactulose, or

CH4 in fasting breath ≥ 10 ppm, mean CH4 level of duplicate measurements at an interval of 20 min ≥ 10 ppm, or

After oral administrated of lactulose, a high flat CH4 peak appeared as a starting point before 90 min, and the highest level was higher than fasting level by 10 ppm within 180 min
	50
	36
	72·0%
	50
	19
	38·0%
	Rome III

	Huang et al.[121]
	10 g in 200 mL of water
	2.5 h
	20 min
	A baseline value of H2 > 20 ppm with a continuous increase in H2 content, or

An increase in H2 above the baseline value of > 20 ppm within 90 min, or

A baseline value of CH4 > 10 ppm with a continuous increase in CH4 content, or

An increase in baseline value of CH4 > 10 ppm 
	76
	57
	75·0%
	30
	11
	36·7%
	Rome III

	Wu et al.[125]
	10 g
	105 min
	15 min
	A baseline value of H2 ≥ 20 ppm, or 

CH4 of ≥ 10 ppm, or

20 ppm increase in H2 or ≥ 10 ppm increase in CH4 above the baseline value within 90 min
	60
	31
	51·7%
	60
	10
	16·7%
	Rome IV

	Author
	Dose of lactulose for HBT
	Test duration
	Sample intervals of HBT
	Cut-off criteria for diagnosis of SIBO
	Total number of IBS patients
	Number of IBS patients with SIBO
	Crude pooled rate for SIBO in IBS patients
	Total number of healthy controls
	Number of healthy controls with SIBO
	Crude pooled rate of SIBO in healthy controls
	Diagnostic criteria used for IBS

	Sundin et al.[30]
	10 g in 300 mL of water
	2.5 h
	15 min
	Fasting H2 or CH4 of ≥ 15 ppm, or

Rise of H2 or CH4 of ≥ 20 ppm above baseline within 90 min, or

Two distinct peaks of H2 or CH4 of > 20 ppm
	17
	5
	41·7%
	20
	9
	45·0%
	Rome III



CH4: methane; H2: hydrogen; HBT: hydrogen breath test; ppm: parts per million

*only methane level was measured during HBT in this study
Supplementary table 22. Summary of the studies that reported the prevalence of SIBO based upon a positive glucose hydrogen breath test in patients fulfilling IBS criteria and healthy controls.

	Author
	Dose of glucose for HBT
	Test duration
	Sample intervals of HBT
	Cut-off criteria for diagnosis of SIBO
	Total number of IBS patients
	Number of IBS patients with SIBO
	Crude pooled rate for SIBO in IBS patients
	Total number of healthy controls
	Number of healthy controls with SIBO
	Crude pooled rate of SIBO in healthy controls
	Diagnostic criteria used for IBS

	Ghoshal et al.[24]
	100 g in 200 mL of water
	3 h
	10 min
	Rise of breath H2 by 14 ppm above basal level following glucose administration
	12
	0
	0%
	12
	0
	0%
	Rome 

	Lupascu et al.[97]
	50 g
	2 h
	10 min
	An increase over the baseline of H2 level > 12 ppm
	65
	20
	30·8%
	102
	4
	3·9%
	Rome II

	Rana et al.[127]
	50 g in 200 mL of water
	2 h
	15 min
	An increase in breath H2 > 12 ppm over baseline value
	225
	25
	11·1%
	100
	1
	1·0%
	Rome II

	Lombardo et al.[105]
	50 g in 250 mL of water
	2 h
	15 min
	An increase over the baseline of H2 level > 10 ppm
	200
	49
	24·5%
	50
	3
	6·0%
	Rome III

	Sachdeva et al.[108]
	100 g in 200 mL of water
	3 h
	15 min
	A persistent rise in breath H2 or CH4 > 12 ppm above basal on ≥ 2 readings, or

A fasting CH4 concentration of > 10 ppm
	59
	14
	23·7%
	37
	1
	2·7%
	Rome III

	Rana et al.[111]
	80 g
	2.5 h
	10 min
	Sustained increase in breath concentration of H2 or CH4 or both ≥ 10 ppm over a baseline value within 120 min
	175
	11
	6·2%
	150
	1
	0·7%
	Rome II

	Abbasi et al.[116]
	1g/kg of glucose in 150 mL of water
	100 min
	20 min
	H2 levels > 20 ppm when the baseline was < 10 ppm, or

Increased by > 12 ppm when the baseline was ≥ 10 ppm
	107
	40
	37·4%
	107
	14
	13·1%
	Rome III

	Jung et al.[8]
	75 g
	3 h
	20 min
	H2 or CH4 peak concentrations > 12 ppm if baseline levels were < 10 ppm, or

An increase in H2 or CH4 peak concentrations > 12 ppm if baseline levels were > 10 ppm
	198
	96
	48·5%
	38
	2
	5·3%
	Rome III

	Sundin et al.[30]
	45 g in 300 mL of water
	2 h
	15 min
	Fasting H2 or CH4 of ≥ 15 ppm, or

Rise of H2 or CH4 of ≥ 20 ppm above baseline within 90 min
	17
	5
	41·7%
	20
	8
	40·0%
	Rome III


 CH4: methane; H2: hydrogen; HBT: hydrogen breath test; ppm: parts per million
Supplementary table 23. Summary of the studies that reported the prevalence of SIBO based upon small bowel aspirate in patients fulfilling IBS criteria and healthy controls.

	Author
	Cut-off criteria for diagnosis of SIBO
	Total number of IBS patients
	Number of IBS patients with SIBO
	Crude pooled rate for SIBO in IBS patients
	Total number of healthy controls
	Number of healthy controls with SIBO
	Crude pooled rate of SIBO in healthy controls
	Diagnostic criteria used for IBS

	Posserud et al.[101]
	> 105 cfu/mL of colonic bacteria
	162
	7
	4·3%
	26
	1
	3.8%
	Rome II

	Sundin et al.[30]
	≥ 105 cfu/mL anaerobic mixed bacterial flora
	17
	0
	0%
	20
	0
	0%
	Rome III



 CH4: methane; cfu: colony-forming unit; H2: hydrogen; HBT: hydrogen breath test; ppm: parts per million
Supplementary table 24. The prevalence rates of conditions in patients fulfilling IBS criteria, compared to those in healthy controls.

	Condition
	Diagnostic test for the condition
	Mean rate in IBS 
	Mean rate in healthy controls 
	p-value

	BAD
	7-day SeHCAT <15%
	33·9% (95% CI 27·1-40·7%)
	2·6% (95% CI 0-7·7%)
	p =0·0001

	Lactose malabsorption
	Lactose HBT
	62·8% (95% CI 59·3-66·3%)*
	40·8% (95% CI 36·1-45·4%)*
	p <0·0001

	Lactose intolerance
	Lactose HBT + onset of abdominal symptoms during HBT

Genotyping for C/C-13910

Genotyping for G/G-22018
	54·6% (95% CI 50·6-58·1%)*

69·5% (95% CI 64·1-74·9%)

59·6% (95% CI 53·1-66·0%)
	30·6% (95% CI 24·8-36·4%)*

65·3% (95% CI 60·5-70·0%)

58·9% (95% CI 53·6-64·2%)
	p <0·0001

p =0·25

p =0·88

	Fructose malabsorption
	Fructose HBT
	22·7% (95% CI 15·6-29·9%)
	11·8% (95% CI 4·6-19·1%)
	p =0·005

	MC
	Histological examination of colonic biopsy
	2·0% (95% CI 1·0-2·9%)
	0%
	p =0·0003

	SIBO
	Lactulose HBT

Glucose HBT

Small bowel aspirate
	40·7% (95% CI 38·0-43·4%)**

24·6% (95% CI 22·0-27·2%)

3·9% (95% CI 1·1-6·8%)
	25·9% (95% CI 22·8-29·1%)**

5·5% (95% CI 3·7-7·3%)

2·2% (95% CI 0-6·3%)
	p <0·0001

p <0·0001

p = 0·57



CI: confidence interval; HBT: hydrogen breath test

*Prevalence rate calculated based on 20g lactose used in the HBT by Yang et al.[3] 

** Prevalence rate calculated based on diagnostic criteria 1 adopted by Zhao et al.[11]


Supplementary table 25. Advantages and disadvantages of diagnostic tests used to identify the five GI conditions.

	Organic GI conditions
	Diagnostic tests
	Advantages
	Disadvantages

	BAD
	SeHCAT scan
	Non-invasive and well tolerated
	Relatively expensive

	 
	 
	High sensitivity and specificity
	Not available in some countries

	 
	 
	Quantitative evaluation of BAD predicts response to bile acid sequestrant
	Low dose radiation exposure

	 
	 
	 
	Requires 2 patient visits

	 
	48-hour faecal bile acids 
	Non-invasive
	Variable daily faecal bile acid excretion

	 
	 
	Measures total and individual bile acids
	Cumbersome

	 
	 
	 
	 

	 
	Fasting serum 7α-C4
	Non-invasive
	Requires a fasting sample

	 
	 
	Not dependent on age, gender, or cholesterol
	Diurnal variation

	 
	 
	 
	False positive in liver disease and treatment with statins

	 
	 
	 
	Requires further validation

	CM
	Breath test
	Non-invasive
	Lack of standardisation in pre-test preparation, conduction of test and interpretation of test results

	 
	 
	Results immediately available
	Can be affected by oro-caecal transit time and concurrent medication use

	 
	 
	 
	Low sensitivity and specificity

	 
	 
	 
	Poor test-retest reliability

	MC
	Colonic biopsies
	High sensitivity and specificity
	Expensive and invasive as lower GI endoscopy is required

	 
	 
	 
	Risks associated with endoscopy

	 
	 
	 
	Require multiple biopsies

	 
	 
	 
	Lack of agreement on the number of biopsies required

	 
	 
	 
	Skipped lesions

	 
	 
	 
	Require examination by a specially trained pathologist

	PEI
	Faecal elastase-1
	Non-invasive
	Watery, loose stool can cause false positive result

	 
	 
	 
	Poor sensitivity at diagnosing mild to moderate PEI

	SIBO
	Small bowel aspirate
	Successful culture of organisms can guide antibiotic treatment
	Expensive and invasive as require lower GI endoscopy

	 
	 
	 
	Lack of agreement on aspirating technique

	 
	 
	 
	Contamination from oral bacteria is common

	 
	 
	 
	Only proximal small bowel fluid can be sampled

	 
	 
	 
	

	 
	Breath test
	Non-invasive
	Lack of standardisation in pre-test preparation, conduction of test and interpretation of test results

	 
	 
	Results immediately available
	Methane is not always measured so methanogenic overgrowth can be missed

	 
	 
	 
	Can be affected by oro-caecal transit time and concurrent medication use

	 
	 
	 
	Low sensitivity and specificity

	 
	 
	 
	Poor test-retest reliability
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