
© 2021 American Medical Association. All rights reserved. 

Supplemental Online Content 

 

Nikolova VL, Smith MRB, Hall LJ, Cleare AJ, Stone JM, Young AH. Perturbations in gut 
microbiota composition in psychiatric disorders: a systematic review and meta-analysis. 
JAMA Psychiatry. Published online September 15, 2021. 
doi:10.1001/jamapsychiatry.2021.2573 

 

eAppendix 1. Systematic search details  

eAppendix 2. Quality assessment 

eAppendix 3. Detailed methods of the meta-analysis performed 

eAppendix 4. PRISMA flowcharts for the umbrella review search and the updated review 
searches 

eAppendix 5. Details of the identified systematic reviews 

eAppendix 6. Detailed characteristics of the included studies 

eAppendix 7. Stool sample processing methods in the included studies 

eAppendix 8. Publication bias assessment for the alpha diversity meta-analyses 

eAppendix 9. Beta diversity  

eAppendix 10. Figures for study-level findings of relative abundance of microbial taxa 

 

This supplemental material has been provided by the authors to give readers additional 
information about their work. 

 

 

 

   



© 2021 American Medical Association. All rights reserved. 

eAppendix 1. Systematic search details  

 

1. Systematic reviews and meta-analysis search – performed on 27 Jan 2021 
 

1.1. Cochrane Library 

Search Hits 

Cochrane Reviews 8498 

Topic Mental Health 637 

AND gut OR gastrointestinal OR intestinal OR feacal OR fecal OR stool 56 

AND microbiome OR microbiota OR ecosystem OR bacteria OR flora OR microflora OR dysbiosis 0 

 

1.2. PubMed* 

Search Hits 

((gut) OR (gastrointestinal) OR (intestinal) OR (feacal) OR (fecal) OR (stool))  

AND ((microbiome) OR (microbiota) OR (ecosystem) OR (bacteria) OR (flora) OR (microflora) OR 
(dysbiosis))  

AND ((depression) OR (depress*) OR (mdd) OR (trd) OR (bipolar) OR (mania) OR (bipolar 
depression) OR (anxiety) OR (psychosis) OR (schizophrenia) OR (obsessive compulsive disorder) 
OR (ocd) OR (ptsd) OR (post-traumatic stress disorder) OR (adhd) OR (attention deficit 
hyperactivity disorder) OR (autism) OR (autism spectrum disorder) OR (ASD) OR (eating disorder) 
OR (anorexia) OR (bulimia))  

3699 

AND (systematicreview[Filter]) 80 

Limits: 2005-current 79 

Limits: human 47 

Limits: English 45 

 

1.3. Embase & PsychINFO (via Ovid) 

Search Hits 

1. gut.mp. [mp=ti, ab, hw, tn, ot, dm, mf, dv, kw, fx, dq, tc, id, tm, mh] 138475 

2. gastrointestinal.mp. [mp=ti, ab, hw, tn, ot, dm, mf, dv, kw, fx, dq, tc, id, tm, mh] 612345 

3. intestinal.mp. [mp=ti, ab, hw, tn, ot, dm, mf, dv, kw, fx, dq, tc, id, tm, mh] 370239 

4. feacal.mp. [mp=ti, ab, hw, tn, ot, dm, mf, dv, kw, fx, dq, tc, id, tm, mh] 167 

5. fecal.mp. [mp=ti, ab, hw, tn, ot, dm, mf, dv, kw, fx, dq, tc, id, tm, mh] 87064 

6. stool.mp. [mp=ti, ab, hw, tn, ot, dm, mf, dv, kw, fx, dq, tc, id, tm, mh] 60712 

7. microbiome.mp. [mp=ti, ab, hw, tn, ot, dm, mf, dv, kw, fx, dq, tc, id, tm, mh] 42743 

8. microbiota.mp. [mp=ti, ab, hw, tn, ot, dm, mf, dv, kw, fx, dq, tc, id, tm, mh] 68233 

9. ecosystem.mp. [mp=ti, ab, hw, tn, ot, dm, mf, dv, kw, fx, dq, tc, id, tm, mh] 111701 

10. bacteria.mp. [mp=ti, ab, hw, tn, ot, dm, mf, dv, kw, fx, dq, tc, id, tm, mh] 464415 

11. flora.mp. [mp=ti, ab, hw, tn, ot, dm, mf, dv, kw, fx, dq, tc, id, tm, mh] 108206 

12. microflora.mp. [mp=ti, ab, hw, tn, ot, dm, mf, dv, kw, fx, dq, tc, id, tm, mh] 56856 

13. dysbiosis.mp. [mp=ti, ab, hw, tn, ot, dm, mf, dv, kw, fx, dq, tc, id, tm, mh] 14943 
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14. depression.mp. [mp=ti, ab, hw, tn, ot, dm, mf, dv, kw, fx, dq, tc, id, tm, mh] 1041348 

15. depress*.mp. [mp=ti, ab, hw, tn, ot, dm, mf, dv, kw, fx, dq, tc, id, tm, mh] 1193818 

16. MDD.mp. [mp=ti, ab, hw, tn, ot, dm, mf, dv, kw, fx, dq, tc, id, tm, mh] 32383 

17. TRD.mp. [mp=ti, ab, hw, tn, ot, dm, mf, dv, kw, fx, dq, tc, id, tm, mh] 3628 

18. bipolar.mp. [mp=ti, ab, hw, tn, ot, dm, mf, dv, kw, fx, dq, tc, id, tm, mh] 159279 

19. mania.mp. [mp=ti, ab, hw, tn, ot, dm, mf, dv, kw, fx, dq, tc, id, tm, mh] 42988 

20. bipolar depression.mp. [mp=ti, ab, hw, tn, ot, dm, mf, dv, kw, fx, dq, tc, id, tm, mh] 10336 

21. anxiety.mp. [mp=ti, ab, hw, tn, ot, dm, mf, dv, kw, fx, dq, tc, id, tm, mh] 626469 

22. psychosis.mp. [mp=ti, ab, hw, tn, ot, dm, mf, dv, kw, fx, dq, tc, id, tm, mh] 186882 

23. schizophrenia.mp. [mp=ti, ab, hw, tn, ot, dm, mf, dv, kw, fx, dq, tc, id, tm, mh] 341812 

24. obsessive compulsive disorder.mp. [mp=ti, ab, hw, tn, ot, dm, mf, dv, kw, fx, dq, tc, id, tm, 
mh] 

50116 

25. OCD.mp. [mp=ti, ab, hw, tn, ot, dm, mf, dv, kw, fx, dq, tc, id, tm, mh] 26104 

26. PTSD.mp. [mp=ti, ab, hw, tn, ot, dm, mf, dv, kw, fx, dq, tc, id, tm, mh] 72988 

27. post-traumatic stress disorder.mp. [mp=ti, ab, hw, tn, ot, dm, mf, dv, kw, fx, dq, tc, id, tm, 
mh] 

28176 

28. autism.mp. [mp=ti, ab, hw, tn, ot, dm, mf, dv, kw, fx, dq, tc, id, tm, mh] 134153 

29. Autism spectrum disorder.mp. [mp=ti, ab, hw, tn, ot, dm, mf, dv, kw, fx, dq, tc, id, tm, mh] 42153 

30. pervasive developmental disorder.mp. [mp=ti, ab, hw, tn, ot, dm, mf, dv, kw, fx, dq, tc, id, 
tm, mh] 

4354 

31. attention deficit hyperactivity disorder.mp. [mp=ti, ab, hw, tn, ot, dm, mf, dv, kw, fx, dq, tc, 
id, tm, mh] 

61349 

32. ADHD.mp. [mp=ti, ab, hw, tn, ot, dm, mf, dv, kw, fx, dq, tc, id, tm, mh] 69132 

33. eating disorder.mp. [mp=ti, ab, hw, tn, ot, dm, mf, dv, kw, fx, dq, tc, id, tm, mh] 49763 

34. anorexia.mp. [mp=ti, ab, hw, tn, ot, dm, mf, dv, kw, fx, dq, tc, id, tm, mh] 108326 

35. bulimia.mp. [mp=ti, ab, hw, tn, ot, dm, mf, dv, kw, fx, dq, tc, id, tm, mh] 28823 

36. systematic review.mp. [mp=ti, ab, hw, tn, ot, dm, mf, dv, kw, fx, dq, tc, id, tm, mh] 386059 

37. meta-analysis.mp. [mp=ti, ab, hw, tn, ot, dm, mf, dv, kw, fx, dq, tc, id, tm, mh] 338776 

38. 1 or 2 or 3 or 4 or 5 or 6 1066368 

39. 7 or 8 or 9 or 10 or 11 or 12 or 13 693756 

40. 14 or 15 or 16 or 17 or 18 or 19 or 20 or 21 or 22 or 23 or 24 or 25 or 26 or 27 or 28 or 29 or 
30 or 31 or 32 or 33 or 34 or 35 

2248227 

41. 36 or 37 557086 

42. 38 AND 39 AND 40 AND 41 252 

43. limit 42 to english language 241 

44. limit 43 to human 236 

45. limit 44 to yr="2005 -Current" 234 
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2. Supplementary searches – all performed on 02 Feb 2021 
 

2.1. PTSD & OCD – no date restriction as no systematic reviews were available 
2.1.1. PubMed 

Search Hits 

((gut) OR (gastrointestinal) OR (intestinal) OR (feacal) OR (fecal) OR (stool))  

AND ((microbiome) OR (microbiota) OR (ecosystem) OR (bacteria) OR (flora) OR (microflora) OR 
(dysbiosis))  

AND ((obsessive compulsive disorder) OR (ocd) OR (ptsd) OR (post-traumatic stress disorder)   

45 

Limits: human, English  20 

 
2.1.2. Embase & PsychINFO (via Ovid) 

Search Hits 

1. gut.mp. [mp=ti, ab, hw, tn, ot, dm, mf, dv, kw, fx, dq, tc, id, tm, mh] 138693 

2. gastrointestinal.mp. [mp=ti, ab, hw, tn, ot, dm, mf, dv, kw, fx, dq, tc, id, tm, mh] 612886 

3. intestinal.mp. [mp=ti, ab, hw, tn, ot, dm, mf, dv, kw, fx, dq, tc, id, tm, mh] 370633 

4. feacal.mp. [mp=ti, ab, hw, tn, ot, dm, mf, dv, kw, fx, dq, tc, id, tm, mh] 167 

5. fecal.mp. [mp=ti, ab, hw, tn, ot, dm, mf, dv, kw, fx, dq, tc, id, tm, mh] 87197 

6. stool.mp. [mp=ti, ab, hw, tn, ot, dm, mf, dv, kw, fx, dq, tc, id, tm, mh] 60767 

7. microbiome.mp. [mp=ti, ab, hw, tn, ot, dm, mf, dv, kw, fx, dq, tc, id, tm, mh] 42848 

8. microbiota.mp. [mp=ti, ab, hw, tn, ot, dm, mf, dv, kw, fx, dq, tc, id, tm, mh] 68365 

9. ecosystem.mp. [mp=ti, ab, hw, tn, ot, dm, mf, dv, kw, fx, dq, tc, id, tm, mh] 111818 

10. bacteria.mp. [mp=ti, ab, hw, tn, ot, dm, mf, dv, kw, fx, dq, tc, id, tm, mh] 464960 

11. flora.mp. [mp=ti, ab, hw, tn, ot, dm, mf, dv, kw, fx, dq, tc, id, tm, mh] 108206 

12. microflora.mp. [mp=ti, ab, hw, tn, ot, dm, mf, dv, kw, fx, dq, tc, id, tm, mh] 56939 

13. dysbiosis.mp. [mp=ti, ab, hw, tn, ot, dm, mf, dv, kw, fx, dq, tc, id, tm, mh] 14988 

14. obsessive compulsive disorder.mp. [mp=ti, ab, hw, tn, ot, dm, mf, dv, kw, fx, dq, tc, id, tm, 
mh] 

50157 

15. OCD.mp. [mp=ti, ab, hw, tn, ot, dm, mf, dv, kw, fx, dq, tc, id, tm, mh] 26128 

16. PTSD.mp. [mp=ti, ab, hw, tn, ot, dm, mf, dv, kw, fx, dq, tc, id, tm, mh] 73062 

17. post-traumatic stress disorder.mp. [mp=ti, ab, hw, tn, ot, dm, mf, dv, kw, fx, dq, tc, id, tm, 
mh] 

28199 

18. 1 or 2 or 3 or 4 or 5 or 6 1067443 

19. 7 or 8 or 9 or 10 or 11 or 12 or 13 694634 

20. 14 or 15 or 16 or 17  133639 

21. 18 AND 19 AND 20  98 

22. limit 42 to english language 95 

23. limit 43 to human 66 

 

2.2. Anxiety & Depression - last review search of both disorders done in March 2020 (Simpson et al., 
2021) 

2.2.1. Pubmed 
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Search Hits 

((gut) OR (gastrointestinal) OR (intestinal) OR (feacal) OR (fecal) OR (stool))  

AND ((microbiome) OR (microbiota) OR (ecosystem) OR (bacteria) OR (flora) OR (microflora) 
OR (dysbiosis))  

AND ((depression) OR (depress*) OR (mdd) OR (trd)  OR (anxiety)) 

AND NOT (review) 

1714 

Limits: human, English, start date: February 2020 42 

 

2.2.2. Embase & PsychINFO (via Ovid) 

Search Hits 

1. gut.mp. [mp=ti, ab, hw, tn, ot, dm, mf, dv, kw, fx, dq, tc, id, tm, mh] 138693 

2. gastrointestinal.mp. [mp=ti, ab, hw, tn, ot, dm, mf, dv, kw, fx, dq, tc, id, tm, mh] 612886 

3. intestinal.mp. [mp=ti, ab, hw, tn, ot, dm, mf, dv, kw, fx, dq, tc, id, tm, mh] 370633 

4. feacal.mp. [mp=ti, ab, hw, tn, ot, dm, mf, dv, kw, fx, dq, tc, id, tm, mh] 167 

5. fecal.mp. [mp=ti, ab, hw, tn, ot, dm, mf, dv, kw, fx, dq, tc, id, tm, mh] 87197 

6. stool.mp. [mp=ti, ab, hw, tn, ot, dm, mf, dv, kw, fx, dq, tc, id, tm, mh] 60767 

7. microbiome.mp. [mp=ti, ab, hw, tn, ot, dm, mf, dv, kw, fx, dq, tc, id, tm, mh] 42848 

8. microbiota.mp. [mp=ti, ab, hw, tn, ot, dm, mf, dv, kw, fx, dq, tc, id, tm, mh] 68365 

9. ecosystem.mp. [mp=ti, ab, hw, tn, ot, dm, mf, dv, kw, fx, dq, tc, id, tm, mh] 111818 

10. bacteria.mp. [mp=ti, ab, hw, tn, ot, dm, mf, dv, kw, fx, dq, tc, id, tm, mh] 464960 

11. flora.mp. [mp=ti, ab, hw, tn, ot, dm, mf, dv, kw, fx, dq, tc, id, tm, mh] 108206 

12. microflora.mp. [mp=ti, ab, hw, tn, ot, dm, mf, dv, kw, fx, dq, tc, id, tm, mh] 56939 

13. dysbiosis.mp. [mp=ti, ab, hw, tn, ot, dm, mf, dv, kw, fx, dq, tc, id, tm, mh] 14988 

14. depression.mp. [mp=ti, ab, hw, tn, ot, dm, mf, dv, kw, fx, dq, tc, id, tm, mh] 1047721 

15. depress*.mp. [mp=ti, ab, hw, tn, ot, dm, mf, dv, kw, fx, dq, tc, id, tm, mh] 1200820 

16. MDD.mp. [mp=ti, ab, hw, tn, ot, dm, mf, dv, kw, fx, dq, tc, id, tm, mh] 32605 

17. TRD.mp. [mp=ti, ab, hw, tn, ot, dm, mf, dv, kw, fx, dq, tc, id, tm, mh] 3663 

18. anxiety.mp. [mp=ti, ab, hw, tn, ot, dm, mf, dv, kw, fx, dq, tc, id, tm, mh] 630521 

19. 1 or 2 or 3 or 4 or 5 or 6 1067443 

20. 7 or 8 or 9 or 10 or 11 or 12 or 13 694634 

21. 14 or 15 or 16 or 17 or 18 1511690 

22. 19 AND 20 AND 21  2774 

23. limit 22 to english language 2687 

24. limit 23 to human 1894 

25. limit 24 to yr="2020 -Current" 509 

26. review.mp. [mp=ti, ab, hw, tn, ot, dm, mf, dv, kw, fx, dq, tc, id, tm, mh] 4370959 

27. 25 NOT 26 278 
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2.3. Bipolar Disorder & Psychosis/Schizophrenia - last review search of both disorders done on 17 
Jan 2019 (Vindegaard et al., 2020) 
 

2.3.1. PubMed 

Search Hits 

((gut) OR (gastrointestinal) OR (intestinal) OR (feacal) OR (fecal) OR (stool))  

AND ((microbiome) OR (microbiota) OR (ecosystem) OR (bacteria) OR (flora) OR (microflora) 
OR (dysbiosis))  

AND ((bipolar) OR (mania) OR (bipolar depression) OR (psychosis) OR (schizophrenia)) 

AND NOT (review) 

199 

Limits: human, English, start date: January 2019 84 

 

2.3.2. Embase & PsychINFO (via Ovid) 

Search Hits 

1. gut.mp. [mp=ti, ab, hw, tn, ot, dm, mf, dv, kw, fx, dq, tc, id, tm, mh] 138693 

2. gastrointestinal.mp. [mp=ti, ab, hw, tn, ot, dm, mf, dv, kw, fx, dq, tc, id, tm, mh] 612886 

3. intestinal.mp. [mp=ti, ab, hw, tn, ot, dm, mf, dv, kw, fx, dq, tc, id, tm, mh] 370633 

4. feacal.mp. [mp=ti, ab, hw, tn, ot, dm, mf, dv, kw, fx, dq, tc, id, tm, mh] 167 

5. fecal.mp. [mp=ti, ab, hw, tn, ot, dm, mf, dv, kw, fx, dq, tc, id, tm, mh] 87197 

6. stool.mp. [mp=ti, ab, hw, tn, ot, dm, mf, dv, kw, fx, dq, tc, id, tm, mh] 60767 

7. microbiome.mp. [mp=ti, ab, hw, tn, ot, dm, mf, dv, kw, fx, dq, tc, id, tm, mh] 42848 

8. microbiota.mp. [mp=ti, ab, hw, tn, ot, dm, mf, dv, kw, fx, dq, tc, id, tm, mh] 68365 

9. ecosystem.mp. [mp=ti, ab, hw, tn, ot, dm, mf, dv, kw, fx, dq, tc, id, tm, mh] 111818 

10. bacteria.mp. [mp=ti, ab, hw, tn, ot, dm, mf, dv, kw, fx, dq, tc, id, tm, mh] 464960 

11. flora.mp. [mp=ti, ab, hw, tn, ot, dm, mf, dv, kw, fx, dq, tc, id, tm, mh] 108206 

12. microflora.mp. [mp=ti, ab, hw, tn, ot, dm, mf, dv, kw, fx, dq, tc, id, tm, mh] 56939 

13. dysbiosis.mp. [mp=ti, ab, hw, tn, ot, dm, mf, dv, kw, fx, dq, tc, id, tm, mh] 14988 

14. bipolar.mp. [mp=ti, ab, hw, tn, ot, dm, mf, dv, kw, fx, dq, tc, id, tm, mh] 160089 

15. mania.mp. [mp=ti, ab, hw, tn, ot, dm, mf, dv, kw, fx, dq, tc, id, tm, mh] 43186 

16. bipolar depression.mp. [mp=ti, ab, hw, tn, ot, dm, mf, dv, kw, fx, dq, tc, id, tm, mh] 10387 

17. psychosis.mp. [mp=ti, ab, hw, tn, ot, dm, mf, dv, kw, fx, dq, tc, id, tm, mh] 187899 

18. schizophrenia.mp. [mp=ti, ab, hw, tn, ot, dm, mf, dv, kw, fx, dq, tc, id, tm, mh] 343421 

19. 1 or 2 or 3 or 4 or 5 or 6 1067443 

20. 7 or 8 or 9 or 10 or 11 or 12 or 13 694634 

21. 14 or 15 or 16 or 17 or 18 577348 

22. 19 AND 20 AND 21 661 

23. limit 22 to 6English language 631 

24. limit 23 to human 551 

25. limit 24 to yr="2019 -Current" 291 

26. review.mp. [mp=ti, ab, hw, tn, ot, dm, mf, dv, kw, fx, dq, tc, id, tm, mh] 4370959 
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27. 25 NOT 26 148 

 

2.4. ADHD & ASD: last review search of both disorders done on 31Aug2018 (Jurek et al., 2020). 
 

2.4.1. PubMed 

Search Hits 

((gut) OR (gastrointestinal) OR (intestinal) OR (feacal) OR (fecal) OR (stool))  

AND ((microbiome) OR (microbiota) OR (ecosystem) OR (bacteria) OR (flora) OR (microflora) OR 
(dysbiosis))  

AND ((adhd) OR (attention deficit hyperactivity disorder) OR (autism) OR (autism spectrum 
disorder) OR (ASD)) 

AND NOT (review) 

415 

Limits: human, English, start date: August 2018 20 

 

2.4.2.  Embase & PsychINFO (via Ovid) 

Search Hits 

1. gut.mp. [mp=ti, ab, hw, tn, ot, dm, mf, dv, kw, fx, dq, tc, id, tm, mh] 138693 

2. gastrointestinal.mp. [mp=ti, ab, hw, tn, ot, dm, mf, dv, kw, fx, dq, tc, id, tm, mh] 612886 

3. intestinal.mp. [mp=ti, ab, hw, tn, ot, dm, mf, dv, kw, fx, dq, tc, id, tm, mh] 370633 

4. feacal.mp. [mp=ti, ab, hw, tn, ot, dm, mf, dv, kw, fx, dq, tc, id, tm, mh] 167 

5. fecal.mp. [mp=ti, ab, hw, tn, ot, dm, mf, dv, kw, fx, dq, tc, id, tm, mh] 87197 

6. stool.mp. [mp=ti, ab, hw, tn, ot, dm, mf, dv, kw, fx, dq, tc, id, tm, mh] 60767 

7. microbiome.mp. [mp=ti, ab, hw, tn, ot, dm, mf, dv, kw, fx, dq, tc, id, tm, mh] 42848 

8. microbiota.mp. [mp=ti, ab, hw, tn, ot, dm, mf, dv, kw, fx, dq, tc, id, tm, mh] 68365 

9. ecosystem.mp. [mp=ti, ab, hw, tn, ot, dm, mf, dv, kw, fx, dq, tc, id, tm, mh] 111818 

10. bacteria.mp. [mp=ti, ab, hw, tn, ot, dm, mf, dv, kw, fx, dq, tc, id, tm, mh] 464960 

11. flora.mp. [mp=ti, ab, hw, tn, ot, dm, mf, dv, kw, fx, dq, tc, id, tm, mh] 108206 

12. microflora.mp. [mp=ti, ab, hw, tn, ot, dm, mf, dv, kw, fx, dq, tc, id, tm, mh] 56939 

13. dysbiosis.mp. [mp=ti, ab, hw, tn, ot, dm, mf, dv, kw, fx, dq, tc, id, tm, mh] 14988 

14. attention deficit hyperactivity disorder.mp. [mp=ti, ab, hw, tn, ot, dm, mf, dv, kw, fx, dq, tc, 
id, tm, mh] 

61699 

15. adhd.mp. [mp=ti, ab, hw, tn, ot, dm, mf, dv, kw, fx, dq, tc, id, tm, mh] 69524 

16. autism.mp. [mp=ti, ab, hw, tn, ot, dm, mf, dv, kw, fx, dq, tc, id, tm, mh] 135286 

17. autism spectrum disorder.mp. [mp=ti, ab, hw, tn, ot, dm, mf, dv, kw, fx, dq, tc, id, tm, mh] 42650 

18. ASD.mp. [mp=ti, ab, hw, tn, ot, dm, mf, dv, kw, fx, dq, tc, id, tm, mh] 56686 

19. 1 or 2 or 3 or 4 or 5 or 6 1067443 

20. 7 or 8 or 9 or 10 or 11 or 12 or 13 694634 

21. 14 or 15 or 16 or 17 or 18 221434 

22. 19 AND 20 AND 21  1209 

23. limit 22 to english language 1159 
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24. limit 23 to human 962 

25. limit 24 to yr="2018 -Current" 531 

26. adult. mp. [mp=ti, ab, hw, tn, ot, dm, mf, dv, kw, fx, dq, tc, id, tm, mh] 8881500 

27. 25 AND 26 63 

28. review.mp. [mp=ti, ab, hw, tn, ot, dm, mf, dv, kw, fx, dq, tc, id, tm, mh] 4370959 

29. 27 NOT 28 46 

 

2.5. Eating disorders: last review search done in June 2020 (Di Ludovico et al., 2021). 
 

2.5.1. PubMed 

Search Hits 

((gut) OR (gastrointestinal) OR (intestinal) OR (feacal) OR (fecal) OR (stool))  

AND ((microbiome) OR (microbiota) OR (ecosystem) OR (bacteria) OR (flora) OR (microflora) OR 
(dysbiosis))  

AND ((eating disorder) OR (anorexia) OR (bulimia)) 

AND NOT (review) 

489 

Limits: human, English, start date: May 2020 13 

 

2.5.2. Embase & PsychINFO (via Ovid) 

Search Hits 

30. gut.mp. [mp=ti, ab, hw, tn, ot, dm, mf, dv, kw, fx, dq, tc, id, tm, mh] 138693 

31. gastrointestinal.mp. [mp=ti, ab, hw, tn, ot, dm, mf, dv, kw, fx, dq, tc, id, tm, mh] 612886 

32. intestinal.mp. [mp=ti, ab, hw, tn, ot, dm, mf, dv, kw, fx, dq, tc, id, tm, mh] 370633 

33. feacal.mp. [mp=ti, ab, hw, tn, ot, dm, mf, dv, kw, fx, dq, tc, id, tm, mh] 167 

34. fecal.mp. [mp=ti, ab, hw, tn, ot, dm, mf, dv, kw, fx, dq, tc, id, tm, mh] 87197 

35. stool.mp. [mp=ti, ab, hw, tn, ot, dm, mf, dv, kw, fx, dq, tc, id, tm, mh] 60767 

36. microbiome.mp. [mp=ti, ab, hw, tn, ot, dm, mf, dv, kw, fx, dq, tc, id, tm, mh] 42848 

37. microbiota.mp. [mp=ti, ab, hw, tn, ot, dm, mf, dv, kw, fx, dq, tc, id, tm, mh] 68365 

38. ecosystem.mp. [mp=ti, ab, hw, tn, ot, dm, mf, dv, kw, fx, dq, tc, id, tm, mh] 111818 

39. bacteria.mp. [mp=ti, ab, hw, tn, ot, dm, mf, dv, kw, fx, dq, tc, id, tm, mh] 464960 

40. flora.mp. [mp=ti, ab, hw, tn, ot, dm, mf, dv, kw, fx, dq, tc, id, tm, mh] 108206 

41. microflora.mp. [mp=ti, ab, hw, tn, ot, dm, mf, dv, kw, fx, dq, tc, id, tm, mh] 56939 

42. dysbiosis.mp. [mp=ti, ab, hw, tn, ot, dm, mf, dv, kw, fx, dq, tc, id, tm, mh] 14988 

43. eating disorder.mp. [mp=ti, ab, hw, tn, ot, dm, mf, dv, kw, fx, dq, tc, id, tm, mh] 50029 

44. anorexia.mp. [mp=ti, ab, hw, tn, ot, dm, mf, dv, kw, fx, dq, tc, id, tm, mh] 108993 

45. bulimia.mp. [mp=ti, ab, hw, tn, ot, dm, mf, dv, kw, fx, dq, tc, id, tm, mh] 28918 

46. 1 or 2 or 3 or 4 or 5 or 6 1067443 

47. 7 or 8 or 9 or 10 or 11 or 12 or 13 694634 

48. 14 or 15 or 16  152111 
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49. 17 AND 18 AND 19  550 

50. limit 20 to english language 512 

51. limit 21 to human 392 

52. limit 22 to yr="2020 -Current" 83 

53. review.mp. [mp=ti, ab, hw, tn, ot, dm, mf, dv, kw, fx, dq, tc, id, tm, mh] 4370959 

54. 23 NOT 24 37 
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eAppendix 2. Quality assessment 

Two authors (VLN and MRBS) performed the rating independently and resolved discrepancies 
via discussion. 

Summary: The overall risk of bias in the systematic reviews was low (12/16) (Table S5.1), 
however, only 3/16 had a pre-registered protocol (Table S3.1). The most frequent concerns 
were the lack of clarity how evidence was collected and evaluated for quality and the 
thoroughness of the search strategy (Figure S5.1). However, due to the significant overlap, a 
recent high-quality review was available for each disorder. Regarding original studies 
published after the reviews, quality was high as assessed with the JBI tool for case-control 
studies. The primary concern was incomplete consideration of confounders with 7/20 either 
not identifying these and/or not accounting for them in the analyses. We did not penalize studies 
that considered only some factors (e.g. age, gender, psychiatric medication) as other, 
particularly lifestyle factors such as diet, are difficult to fully control. 

 

Table e2.1. Quality assessment of the included systematic reviews using the ROBIS tool. 

Review  
 

Phase 1 Phase 2 

Disorder First Author Year 1. Study 
eligibility 
criteria   

2.  
Identificatio
n and 
selection of 
studies 

3. Data 
collection 
and study 
appraisal 

4. 
Synthesis 
and 
findings 

RISK OF 
BIAS 

IN THE 
REVIEW* 

AN Di Lodovico 2021 low low low low low 

AN Schalla 2019 low high unclear high low 

AN Schwensen 2018 unclear high low low low 

MDD, ANX Simpson 2021 low low low low low 

MDD, SCZ Fond 2020 high high unclear unclear high 

MDD Li 2020 unclear high unclear high high 

MDD, ANX Simpson 2020 low low low low low 

MDD Sanada  2020 low low low low low 

MDD, BD, 
SCZ 

Vindegaard 2020 low low low low low 

MDD Cheung 2019 low high high unclear unclear 

MDD Barandouzi 2020 low low low high low 

BD, SCZ Nguyen 2019 low low unclear low low 

BD, SCZ Nguyen 2018 high unclear unclear low low 

SCZ Cuomo 2018 high high high high high 

SCZ Kraeuter 2020 low low low low low 

ASD, ADHD Jurek 2020 low low low low low 

Low = low risk of bias, high = high risk of bias, unclear = insufficient information to assess risk of bias; *this criterion is scored by 
answering the following  questions: A. Did the interpretation of findings address all of the concerns identified the Phase 2 
assessment?;  B. Was the relevance of identified studies to the review's research question appropriately considered?; and C. Did 
the reviewers avoid emphasizing results on the basis of their statistical significance?. 
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Table e2.2. Quality assessment of the included original studies published after the systematic 
reviews using the Joanna Briggs Institute Critical Appraisal Checklist for Case Control Studies. 
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Figure e5.1.  Quality assessment of the included systematic reviews using the ROBIS 
tool. 

   

0% 20% 40% 60% 80% 100%

1. Study eligibility criteria

2.  Identification and selection of
studies

3. Data collection and study appraisal

4.  Synthesis and findings
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eAppendix 3: Detailed methods of the meta-analysis performed 

Medians and inter-quartile ranges were transformed to means (M) and standard deviations (SD) 
using a web-based tool (http://www.math.hkbu.edu.hk/~tongt/papers/median2mean.html). For 
significantly skewed data, an alternative validated procedure was followed1. Where necessary, 
numerical data were extracted from graphs using WebPlotDigitizer (v.4.42) and Adobe 
Acrobat's inbuilt measuring tool (Adobe Systems, California, USA), as previously done by 
others3. A random-effects meta-analysis on Hedge’s g standardised mean difference (SMD) 
was performed applying the inverse-variance method. Effect size was categorized as small 
(SMD≤0.2), moderate (SMD=0.5), or large (SMD=0.8). Inter-study heterogeneity was 
quantified using the DerSimonian–Laird estimator, reported with the I2 statistic and interpreted 
according to convention (25% - low, 50% - moderate, and 75% - high)4.  Publication bias was 
evaluated with funnel plots and Egger's regression test. Pre-planned subgroup analyses were 
disorder, region of study (east/west) and use of psychiatric medication. All analyses were 
completed with the meta package (v.4.17-05) in R. 

 

References: 

1. Wan X, Wang W, Liu J, Tong T. Estimating the sample mean and standard deviation from 
the sample size, median, range and/or interquartile range. BMC Med Res Methodol. 
2014;14. doi:10.1186/1471-2288-14-135 

2. Rohatgi A. WebPlotDigitizer.; 2020. https://automeris.io/WebPlotDigitizer  

3. Safadi JM, Quinton AMG, Lennox BR, Burnet PWJ, Minichino A. Gut dysbiosis in severe 
mental illness and chronic fatigue: a novel trans-diagnostic construct? A systematic 
review and meta-analysis. Molecular Psychiatry. Published online February 8, 2021:1-
13. doi:10.1038/s41380-021-01032-1 

4. Higgins DJPT. Cochrane Handbook for Systematic Reviews of Interventions. John Wiley & 
Sons; 2008. Accessed December 17, 2020.   

5. Balduzzi S, Rücker G, Schwarzer G. How to perform a meta-analysis with R: a practical 
tutorial. Evid Based Ment Health. 2019;22(4):153-160. doi:10.1136/ebmental-2019-
300117 
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eAppendix 4: PRISMA flowcharts for the umbrella review search and the updated 
review searches 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

    
 
 

Figure e4.1. PRISMA flowchart of the umbrella review search 
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Additional records identified through 
other sources 

(n = 0) 

Records after duplicates removed 
(n = 228) 

Records screened 
(n = 228) 

Records excluded (n = 196),  
reasons: 

Clearly irrelevant (n = 136) 
Review of intervention (diet, 

probiotics, etc.) (n = 21) 
Not systematic review (n = 13) 

Gut microbiota not assessed (n = 8) 
Not disorder of interest (n = 7) 

Poster/Abstract (n = 8) 
Not adult (n = 2) 

Full-text articles assessed 
for eligibility 

(n = 32) Full-text articles excluded (n = 16), 
reasons: 

 
Not adult (n = 8) 

gut microbiota not assessed (n = 5) 
Not disorder of interest (n = 2) 
Not systematic review (n = 1) 

Eligible reviews and meta-
analyses (n = 16) 

Eligible original cross-
sectional studies (n = 39) 
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Table e4.1. PRISMA charts for the updated systematic review searches. 

 

 
OCD & 
PTSD 

MDD & ANX BD & SCZ ASD & ADHD Eating disorders 

Records 
identified 

86 293 209 66 50 

Reviewed  86 293 209 66 50 

Excluded at 
Title/Abstract 

83 282 193 62 47 

Excluded at full 
text (with 
reasons) 

0 5 (n=1 gut 
microbiota not 
assessed; n=2 
outcome of interest 
not reported; n=2 
no control group) 

6 (n=2 gut 
microbiota not 
assessed, n=1 
outcome of 
interest not 
assessed; n=3 
conference 
abstract) 

4 (n=2 non-
adult, n=1 non-
human, n=1 gut 
microbiota not 
assessed) 

2 (n=1 secondary 
analysis from 
included study, 
n=1 gut 
microbiota not 
analysed) 

Included 3 (2 OCD, 
1 PTSD) 

6 (5 MDD, 1 MDD + 
BD) 

10 (6 SCZ, 4 BD) 0 1 (AN) 

 

   



© 2021 American Medical Association. All rights reserved. 

eAppendix 5. Details of the identified systematic reviews 

 

Table e5.1. Details of the identified systematic reviews. 

First Author  Year Ref. Disorder Studies included (eligible only)* 
Pre-
registered? 

Di Lodovico 2021 [1] anorexia N = 9 
Armougoum 2009; Million 2013; Kleiman 2015; Morita 2015; Mack 2016; Mörkl 2017; Borgo 2017; 
Hanachi 2018; Hata 2019 

no 

Schalla 2019 [2] anorexia N = 5 
Morita et al., 2015; Mörkl et al., 2017; Kleiman et al., 2015; Borgo et al., 2017; Mack et al., 2016 

no 

Schwensen 2018 [3] anorexia N = 7 
Mörkl et al., 2017; Borgo et al 2017; Kleiman et al 2015; Morita et al 2015; Amougom et al 2009; 
Million et al 2013; Mack et al 2016 

Yes 

Simpson 2021 [4] depression N = 18 
Aizawa et al (2016); Chahwan et al. (2019); Chen, Li et al. (2018); Chen, Zheng et al. (2018); Chen 
et al. (2019); Chung et al. (2019); Huang et al. (2018); Jiang et al. (2015); Kelly et al. (2016); Lai et 
al., (2019); Lin et al. (2017); Liu et al. (2016); Mason et al., (2020); Naseribafrouei et al. (2014); 
Rong et al. (2019); Valles- Colomer et al. (2019); Vinberg et al. (2019); Zheng et al. (2016) 

no 

anxiety N = 3 
Mason et al., (2020); Jiang et al. (2018); Chen et al. (2019) 

Fond 2020 [5] depression N = 7 
Chen et al. 2018; Kelly et al. 2016; Liu et al. 2016; Jiang et al. 2015; Madan et al. 2020; Mason et 
al. 2020; Naseribafrouei et al., 2014  

no 

schizophrenia N = 0  
Li 2020 [6] depression N= 9 

Naseribafrouei et al., 2014; Jiang et al., 2015; Kelly et al., 2016; Zheng et al., 2016; Huang et al., 
2018; Chen et al., 2018b; Chung et al., 2019; Chen et al., 2018a; Rong et al., 2019 

no 

Simpson 2020 [7] depression N = 2 
Liu et al. (2016), Aizawa et al. (2016) 

no 

Sanada  2020 [8] depression N = 10 
Chen 2018a; Chen 2018b; Huang 2018; Lin 2017; Aizawa 2016; Kelly 2016; Liu 2016; Zheng 2016; 
Jiang 2015; Naseribafrouei 2014 

no 
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Vindegaard 2020 [9] depression N = 9 
Chen et al., 2018; Huang et al., 2018; Stevens et al., 2018; Lin et al., 2017; Aizawa et al., 2016; 
Kelly et al., 2016; Zheng et al., 2016; Jiang et al., 2015; Naseribafrouei et al., 2014 

yes 

bipolar 
disorder 

N = 4 
Coello et al., 2019; Aizawa et al., 2018; Painold et al., 2018; Evans et al., 2017 

psychosis N = 4 
Nguyen et al., 2018; Schwarz et al., 2018; Shen et al., 2018; Yuan et al., 2018 

Cheung 2019 [10] depression N = 6 
Naseribafrouei et al 2014; Jiang et al 2015; Aizawa et al 2016; Zheng et al 2016; Lin et al 2017; 
Chen et al 2018 

no 

Barandouzi  2020 [11] depression  N = 9 
Chen et al 2018; Zheng et al 2016; Liu et al 2016; Chen et al 2018; Jiang et al 2015; Naserbafrouei 
et al 2014; Lin et al 2017; Aizawa et al 2016; Kelly et al 2016;  

no 

Nguyen  2019 [12] bipolar 
disorder 

N = 4 
Painold et al., 2019; Evans et al 2017; Coello et al., 2019; Aizawa et al., 2018 

no 

psychosis N = 5 
Schwarz et al., 2018; Yuan et al., 2018; Nagamine et al 2018; Nguyen et al 2019; Shen et al 2018 

Nguyen 2018 [13] bipolar 
disorder 

N = 1 
Evans et al 2017 

no 

psychosis N = 1 
Schwarz et al. (2017) 

Cuomo 2018 [14] psychosis N = 3 
Schwarz et al. (2018); Shen et al (2018); Yuan et al (2018) 

no 

Kraeuter 2020 [15] psychosis N = 5 
Schwarz et al 2018; Shen et al 2018; Yuan et al 2018; Nguyen et al 2018; Zheng 2019 

no 

Jurek 2020 [16] autism, 
ADHD 

N = 1  
Aarts et al. 2017  

yes 

*after duplicate studies from these systematic reviews were removed, the total number of studies added through this route was 39.  
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eAppendix 6. Detailed characteristics of the included studies 

 

The 59 studies provided 64 case-control comparisons capturing 2643 patients and 2336 controls (Table 6.1). Most studies (n=32) were conducted 
in East Asia (China, Taiwan or Japan), 24 in westernised populations (grouped on the basis of typical diet and lifestyle: USA, Canada, Europe, 
Australia, New Zealand) and one in Africa. All but one12 used formal diagnostic criteria to define their population. Studies were similar in exclusion 
criteria such as major medical and gastrointestinal conditions, pregnancy and recent consumption of antibiotics (except four studies in which 
antibiotics weren’t mentioned17,25,28,33). Recent probiotic consumption was excluded in 35/59 studies, was not mentioned in 21, and three studies 
included a small number of participants taking probiotics3,27,50. Few studies imposed restrictions on diet such as no major changes in the months 
preceding enrolment10,19,35,36 or no weight loss, vegetarian or vegan diets14,15,18,20,31. Two studies matched groups according to diet39,44 and one 
controlled dietary intake55. Despite its known impact on microbial communities60, smoking was generally not controlled: only three studies 
excluded smokers18,20,38 and five controlled for it during analyses19,23,28,45,51. Amplicon 16S rRNA sequencing was used in 44 studies, although 
choice of hypervariable region (V1-V9) varied, seven studies used shotgun metagenomics to sample all microbial genes, nine studies used either 
qPCR or RT-qPCR to target a pre-specified range of microbial taxa, and one study employed metaproteomic analysis (Table 6.1). 

 

Supplementary Table 6.1. Key sample and methodology characteristics of case-control comparisons of the gut microbiome by disorder. 

Disorder Study Country 
Definition 
of disorder 
Stage 

Sample 
size n 

Mean 
Age 

% 
Female 

Mean 
BMI 

% 
Smokers  

% Patients 
on 
medication  

Sequencing  Diversity assessments 

MDD Naseribafrou
ei et al. 2014 
1 

Norway ICD-10 P: 37 
HC: 18 

P: 49.2 
HC: 46.1 

56% P: 25.9 
HC: 24.7 

nr Nr 16S rRNA  
nr 

α: Observed sp., Simpsons 
β: not measured 

MDD Jiang et al. 
2015 2 

China  DSM-IV P: 29 
HC: 30 

P: 25.3 
HC: 26.8 

38% 
50% 

P: 20.3  
HC: 19.6 

P: 10% 
HC: 7% 

most, total 
% nr 

16S rRNA  
V1-V3 

α: Chao1, ACE, Shannon, Simpson, 
evenness; β: UniFrac (unweighted) 

MDD Aizawa et al. 
2016 3 

Japan DSM-IV P: 43 
HC: 57 

P: 39.4 
HC: 42.8 

41% 
61% 

P:23.2 
HC: 22.3 

nr 65% RT-qPCR 
16S rRNA 

α: not measured 
β: not measured 

MDD Kelly et al. 
2016 4 

Ireland DSM-IV P: 34 
HC: 33 

P: 45.8 
HC: 45.8 

38% P: 26.2 
HC: 24.6 

P: 13% 
HC: 3% 

96% 16S rRNA  
nr 

α: Observed sp., Chao1, Shannon, PD 
β: UniFrac (weighted & unweighted), 
Bray-Curtis 

MDD Liu et al.  
2016 5 

China DSM-IV P: 15 
HC: 20 

P: 44.8 
HC: 43.9 

69% P: 22.0 
HC: 22.0 

nr 0%   16S rRNA  
V1-V3 

α: Observed sp., Chao1, Shannon, PD 
β: measured, nr 
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Disorder Study Country 
Definition 
of disorder 
Stage 

Sample 
size n 

Mean 
Age 

% 
Female 

Mean 
BMI 

% 
Smokers  

% Patients 
on 
medication  

Sequencing  Diversity assessments 

MDD Zheng et al. 
2016 6 

China  DSM-IV P: 58 
HC: 63 

P: 40.6 
HC: 41.8 

63% P: 22.0 
HC: 22.6 

P: 16%  
H: 21% 

67% 16S rRNA  
V3-V5 

α: Observed sp., Shannon, Simpson, PD 
β: Bray-Curtis 

MDD Lin et al.  
2017 7 

China DSM-IV P: 10 
HC: 10 

P: 36.2 
HC: 38.1 

60% P: 23.8 
HC: 24.2 

P:40% 
HC:30% 

100% 16S rRNA  
 V3-V4 

α: measured, nr 
β: UniFrac (weighted) 

MDD Chen et al. 
2018a 8 

China HAMD P: 44 
HC: 44 

P: 40.9 
HC: 43.4 

55% P: 22.1 
HC: 22.6 

nr 0%  
(drug-
naïve) 

16S rRNA 
seq  
V3-V5 

α: Observed sp., Shannon, Simpson, PD 
β: UniFrac (nr), PLS-DA 

MDD Chen et al. 
2018b 9 

China DSM-IV P: 10 
HC: 10 

P: 43.9  
HC:39.6 

50% P: 23.5 
HC: 22.6  

nr 20% Meta-
proteomics 

α: not measured 
β: not measured 

MDD Huang et al. 
2018 10 

China ICD-10 P: 27 
HC: 27 

P: 48.7 
HC: 42.3 

74% P: 23.8 
HC: 23.4 

nr Nr 16S rRNA  
V3-V4 

α: Chao1, ACE, Shannon, PD 
β: UniFrac (weighted & unweighted) 

MDD Chahwan et 
al. 2019 11 

Australi
a 

M.I.N.I P: 68 
HC: 20 

P: 36.1 
HC: 40.0 

70% nr P: 25% 
HC: 
11% 

0% 
 

16S rRNA  
V3-V4 

α: Observed sp., Chao1, Shannon 
β: UniFrac (weighted) 

MDD Valles-
Colomer 
2019 12 

Belgium
/ NL 

GP &  
self-report 

P: 80 
HC: 70 

50.9 55% 24.9 nr 50% 16S rRNA  
nr 

α: not measured 
β: not measured 

MDD Chung et al. 
2019 13 

Taiwan DSM-5 P: 36 
HC: 37 

P: 45.8 
HC: 41.2 

70% P: 22.8 
HC: 24 

P: 19% 
HC: 3% 

86% 16S rRNA  
V3-V4 

α: Shannon 
β: UniFrac (weighted) 

MDD Lai et al.   
2019 14 

China DSM-5 P: 26 
HC: 29 

P: 43.7  
HC: 39.4  

P: 
69% 
HC: 
55% 

P: 27.2 
HC: 21.1 

nr 81% Shotgun 
Metagenomic
s 

α: Shannon, Fisher  
β: Bray–Curtis 

MDD Rong et al.  
2019 15 

China DSM-5 P: 31 
HC: 30 

P: 41.6  
HC: 39.5 

P: 
71%      
HC:53
%  

P: 21.5 
HC: 22.0 

nr 74% Shotgun 
Metagenomic
s 

α: Chao 1, Shannon, Inverse Simpson, 
Gm coefficient; β: Bray-Curtis 

MDD Mason et al. 
2020 16 

USA DSM-IV P: 14  
HC: 10 

P: 41.9    
HC: 33.0 

P:79%   
HC: 
60% 

P: 31.0 
HC: 25.6 

nr 64% 16S rRNA  
V4 

α: Shannon 
β: UniFrac (weighted) 

MDD Chen et al.  
2020 17 

China DSM-IV Young 
P: 25 
HC: 27 
Mid-age 
P: 45 

Young 
P: 24.0 
HC: 25.0 
Mid-age 
P: 45.0 

72% Young P: 
22.1 
HC: 21.5 
Mid-age 
P:22.6 

nr Young: 
28% 
Mid-age: 
31% 

16SrRNA  
V3-V5 

α: Chao1, ACE 
β: OPLS-DA 
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Disorder Study Country 
Definition 
of disorder 
Stage 

Sample 
size n 

Mean 
Age 

% 
Female 

Mean 
BMI 

% 
Smokers  

% Patients 
on 
medication  

Sequencing  Diversity assessments 

HC: 44 HC: 47.2 HC: 23.2 

MDD Chen et al.  
2021 18 

China 
 

DSM-5 P: 62  
HC: 46 

P: 39.6  
HC: 34.0 

100% P: 22.0  
HC: 22.2 
 

0% 0% 16SrRNA  
V3-V4 

α: Observed sp., Chao1, ACE, Shannon, 
Simpson;  
β: UniFrac (weighted & unweighted) 

MDD Yang et al.  
2020 19 

China 
 

DSM-IV P: 156 
HC: 155 

P: 29.6 
HC: 29.1 

P: 36 
% 
HC: 
54% 

P: 22.3 
HC: 22.4 

nr 24% Shotgun 
Metagenomic
s 

α: Chao1, Shannon, Inv. Shannon 
β: Bray-Curtis 

MDD Liu et al.  
2020 20 

USA DSM-5 P: 43 
HC: 47 

P: 21.9 
HC: 22.1 

P: 
88% 
HC: 
72% 
 

nr 0% 65% 16SrRNA  
V4 

α: Observed sp., Shannon, PD 
β: UniFrac (weighted & unweighted), 
Bray-Curtis 

MDD Stevens et 
al. 2020 21 

USA DSM-IV  P: 20  
HC: 20 

P & HC: 
34 

P: 
50% 
HC: 
70% 

nr nr 75% nr α: Chao1, Shannon 
β: Bray-Curtis 

MDD + 
ANX 

Stevens et 
al. 2018 22 

USA DSM-5 P: 22  
HC: 28 

nr nr nr nr Nr nr α: not measured 
β: not measured 

MDD & 
ANX 

Mason et al. 
2020 16 

USA DSM-IV P: 38 
HC: 10 

P:39.2 
HC:33.0 

P:  
82%    
HC: 
60% 

P: 20.4 
HC: 25.6 

nr 42% 16S rRNA  
V4 

α: Shannon 
β: UniFrac (weighted) 

MDD & 
BD 

Vinberg et al. 
2019  23 

Denmar
k 

ICD-8 & 
ICD-10 
remission 

P: 74 
HC: 25 

P: 37.7  
HC: 37.0  

77% P: 26.5 
HC: 24.5 

P > HC,  
% nr 

61% 16SrRNA 
V3-V4 

α: Observed sp., Shannon 
β: generalized UniFrac  

MDD & 
BD 

Jiang et al.  
2020 24 

China 
 

DSM-IV MDD:14 
BD: 10 
HC: 16 

P: 37.2  
HC: 35.8 
 

45% P: 23.6 
HC: 22.3 

P: 8% 
HC: 6% 

most, total 
% nr  

16SrRNA  
V1-V3 

α: Chao1, ACE, Shannon, Simpson 
β: UniFrac (weighted & unweighted), 
Bray-Curtis 

BD Evans et al. 
2017 25 

USA DSM-IV P:115 
HC: 64 

P: 50.2  
HC: 48.6 

73% P: 29.3 
HC: 26.0 

nr most, total 
% nr 

16SrRNA  
V4 

α: not measured 
β: Yue & Clayton  

BD Painold et al. 
2018 26 

Austria DSM-IV, 
current 

P: 32 
HC: 10 

P: 41.3 
HC: 31.4 

44% P: 28.4 
HC: 24.3 

nr 100% 16SrRNA  
V1-V2 

α: Observed sp., Chao1, Shannon, 
Simpson 
β: UniFrac (weighted & unweighted) 
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Disorder Study Country 
Definition 
of disorder 
Stage 

Sample 
size n 

Mean 
Age 

% 
Female 

Mean 
BMI 

% 
Smokers  

% Patients 
on 
medication  

Sequencing  Diversity assessments 

depression 
or euthymia 

BD Aizawa et al. 
2019 27 

Japan DSM-IV, 
any 
episode 

P: 39 
HC: 58 

P: 40.3  
HC: 43.1 

56% P: 23.9 
HC: 22.4  

nr 92% RT qPCR for 
16S/23S 
rRNA 

α: not measured 
β: not measured 

BD Rong et al.  
2019 15 

China DSM-5, 
current 
depression 

P: 30 
HC: 30 

P: 38.4  
HC: 39.5 

52% P: 21.9 
HC: 22.0 

nr 83% Shotgun 
Metagenomic
s 

α: Chao 1, Shannon, Inv. Simpson, Gm 
coefficient 
 β: Bray-Curtis 

BD Coello et al. 
2019 28 

Denmar
k 

ICD-10, 
any 
episode  

P: 113 
HC: 77 

P: 31    
HC: 29 

62% P: 24.8 
HC:24.2 

P: 36% 
HC: 
11% 

88% 16SrRNA  
V3-V4 

α: Observed sp., Shannon 
β: UniFrac (weighted & unweighted) 

BD McIntyre et 
al. 2019 29 

Canada DSM-5, 
current 
depression 

P: 23 
HC: 23 

P: 45  
HC: 43.8 

70% P: 30 HC: 
26 

P: 21% 
HC: 9% 

nr 16SrRNA  
V3 

α: Observed sp., Shannon, Inv. Simpson  
β: Bray-Curtis 

BD Hu et al.  
2019 30 

China DSM-IV-
TR, current 
depression 

P: 52 
HC: 45 

P: 24.2 
HC:36.3 

48% P: 21.6 
HC: 22.4 

nr 0%  16SrRNA  
V3-V4 

α: Observed sp., Chao1, Shannon, 
Simpson, Inv. Simpson, ICE  
β: UniFrac (weighted & unweighted) 

BD Lai et al.  
2021 31 

China DSM-5, 
current 
depression 

P: 25 
HC: 28 

P: 36.9 
HC: 39.2 

48% P: 22.1 
HC:21.1 

nr 80% Shotgun 
Metagenomic
s  

α: Shannon, Simpson, Fisher 
β: Bray-Curtis 

BD Lu et al.  
2019 32 

China DSM-IV-
TR, current 
depression 

P: 36 
HC: 27 

P: 32.6  
HC: 28.9 

43% P: 22.2 
HC: 21.8 

0% 0%  
 

qPCR α: not measured 
β: not measured 

SCZ Nguyen et al. 
2019 33 

USA DSM-IV-TR P: 25 
HC: 25 

P: 52.9       
HC: 54.7 

44% P: 31.8 
HC:28.9  

P: 56%    
HC: 4% 

100% 16SrRNA  
V4 

α: Observed sp., Shannon, Faith's PD 
β: UniFrac (unweighted), Bray-Curtis 

SCZ Schwarz et 
al. 2018 34 

Finland DSM-IV;  
FEP 

P: 28 
HC: 16 

P: 25.9 
HC: 27.1 

43% P: 23.8 
HC:23.9  

nr 93% qPCR for 
16S rRNA 
primers, 
Metagenomic
s 

α: not measured 
β: not measured 

SCZ Shen et al. 
2018 35 

China ICD-10  
 

P: 64 
HC: 53 

P: 42  
HC: 39 

44% P:23.5 
HC:23.1 

P: 19% 
HC: 
23% 

100% 16SrRNA  
V3-V4 

α: Observed sp., Chao1, ACE, Shannon, 
Simpson, Faith's PD 
β: UniFrac (unweighted) 
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Disorder Study Country 
Definition 
of disorder 
Stage 

Sample 
size n 

Mean 
Age 

% 
Female 

Mean 
BMI 

% 
Smokers  

% Patients 
on 
medication  

Sequencing  Diversity assessments 

SCZ Yuan et al.  
2018 36 

China DSM-IV;  
FEP 

P: 41 
HC: 41 

P: 23.1 
HC: 24.7 

44% P:20.5 
HC: 20.8 

P: 5%   
HC: 6% 

0%  
 

qPCR for 
16S rRNA 
primers 

α: not measured 
β: not measured 

SCZ Zheng et al. 
2019 37 

China DSM-IV P: 63 
HC: 69 

P: 43.5 
HC: 40.0 

P:33% 
HC: 
48% 

P: 22.9 
HC: 23.2 

nr 92% 16SrRNA  
V3-V4 

α: Chao 1, Shannon       
β: PLS-DA 

SCZ Pan et al.  
2020 38 

China DSM-IV P: 29 
HC: 29 

P: 34.9 
HC: 34.8 

34% P: 23.7 
HC: 23.5 

0% 90% 16SrRNA  
V3-V4 

α: Observed sp., Chao1, ACE, Shannon,  
Simpson, Faith's PD   
β: UniFrac (unweighted) 

SCZ Zhu et al.  
2020 39 

China DSM-IV P: 90 
HC: 81 

P: 28.6 
HC: 32.3 

49% P: 20.6 
HC: 21.7 

P: 30%     
HC: 
25% 

0%  
 

Shotgun 
Metagenomic
s  

α: Shannon 
β: Bray-Curtis 

SCZ Li et al.  
2020 40 

China DSM-IV-TR P: 82 
HC: 80 

P: 42.2 
HC: 41.0 

47% P:24.5 
HC: 23.0  

P:21%   
HC: 5% 

91% 16SrRNA  
V4 

α: Observed Sp., Evenness, Shannon, 
Faith’s PD;  
β: Bray-Curtis 

SCZ Ma et al.  
2020 41 

China DSM-IV; 
FEP & SCZ 

FEP: 40 
SCZ: 85  
HC: 69 

P: 24.2 
HC:23.1 

46% nr nr FEP: 0%  
(drug-
naïve)  
SCZ: 100% 

16SrRNA  
V4 

α: Chao1, Shannon 
β: UniFrac (weighted & unweighted) 

SCZ Zhang et al. 
2020 42 

China DSM-IV; 
FEP 

P:10 
HC:16 

P: 37.6 
HC: 35.8 

42% P: 23.3 
HC:22.3 

P: 10%  
HC: 
6.3% 

0%  
(drug 
naïve) 

16SrRNA  
nr 

α: Observed sp., Chao1, Shannon, 
Simpson; β: UniFrac (weighted & 
unweighted), Bray-Curtis 

SCZ Xu et al.,  
2020 43 

China DSM-5 P: 84 
HC: 84 

P: 35.0 
HC: 35.0 

43% P:22 
HC:23.1 
 

nr 98% 16SrRNA  
V4 & 
Shotgun 
Metagenomic
s     

α: Chao1 
β: non-metric multidimensional 
scaling 

ANX Jiang et al.  
2018 44 

China DSM-IV  P: 40 
HC: 36 

P: 33.4 
HC: 35.6 

P: 
75%    
HC: 
64% 

P:21.7 
HC: 21.4  

P: 2.5% 
HC: 3% 

70% 16SrRNA  
V3-V4 

α: Observed sp., Chao1, ACE, Shannon, 
Simpson; β: UniFrac unweighted 

ANX Chen et al.  
2019 45 

China DSM-5 P: 36 
HC: 24 

P: 46.1 
HC: 41.8 

57% P: 23.1 
HC: 22.5 

P: 
19.4% 
HC: 
16.7% 

nr 16SrRNA  
V3-V4 

α: Observed sp., Chao1, ACE, Shannon, 
Simpson 
β: UniFrac (weighted & unweighted) 
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Disorder Study Country 
Definition 
of disorder 
Stage 

Sample 
size n 

Mean 
Age 

% 
Female 

Mean 
BMI 

% 
Smokers  

% Patients 
on 
medication  

Sequencing  Diversity assessments 

ANX Mason et al. 
2020 16 

USA DSM-IV P: 8 
HC: 10 

P: 40.0 
HC: 33.0 

P: 
100% 
HC: 
60% 

P: 33.3 
HC: 25.6  

nr 62% 16SrRNA  
V4 

α: Shannon 
β: UniFrac weighted 

AN Armougom et 
al. 2009 46 

France DSM-IV P: 9 
HC: 20 

P: 19-36     
HC: 13-68 

nr P: 12.7 
HC: 20.7 

nr nr RT qPCR α: not measured 
β: not measured 

AN Million et al. 
2013 47 

France DSM-IV P: 15 
HC: 76 

P: 27.3 
HC: 49.5 

P: 
93% 
HC:43
% 

P: 13.5 
HC: 22.4 

nr nr qPCR α: not measured 
β: not measured 

AN Kleiman et 
al. 2015 48 

USA DSM-IV-TR P: 16 
HC: 12 

P: 28.0 
HC: 29.8  

100% P: 16.2 
HC: 21.5 

nr nr 16SrRNA  
V1-V3 

α: Observed sp., Chao1 
β: UniFrac (weighted & unweighted) 

AN Morita et al. 
2015 49 

Japan DSM-IV-TR P: 25 
HC: 21 

P: 30.0 
HC: 31.5 

100% P: 12.8 
HC: 20.5  

nr nr qPCR for 
16S/23S 
rRNA 

α: not measured 
β: not measured 

AN Mack et al. 
2016 50 

German
y 

‘Diagnosis’ 
(not 
specified) 

P: 55 
HC: 55 

P: 23.8 
HC: 23.7 

100% P: 15.3 
HC: 21.6  

nr nr 16SrRNA  
V4 

α: Observed sp., Chao 1, Shannon 
β: UniFrac (weighted & unweighted), 
Bray-Curtis 

AN Mörkl et al. 
2017 51 

Austria ICD-10 P: 18 
HC: 26 

P: 22.4 
HC: 24.9 

100% P: 15.  
HC: 21.9  

25% nr 16SrRNA  
V1-V2 

α: Observed sp., Chao 1, Shannon 
β: UniFrac (weighted & unweighted) 

AN Borgo et al. 
2017 52 

Italy DSM-5 P: 15 
HC: 15 

P: 25.6 
HC: 24.4 

100% P: 13.9 
HC: 22.1  

nr nr 16SrRNA  
V3-V4 

α: measured, nr 
β: measured, nr 

AN Hanachi et 
al. 2018 53 

France DSM-IV-TR P: 33 
HC: 22 

P: 32 
HC: 36  

100% P: 11.7 
HC: 21.0 

nr nr 16SrRNA  
V3-V4 

α: Chao 1, Shannon 
β: UniFrac (weighted & unweighted) 

AN Hata et al.  
2019 54 

Japan DSM-IV-TR 
restrictive 
only 

P: 4 
HC: 4 

P: 23.0   
HC: 25.3 

100% P:13.7 
HC:21.6  

nr nr 16SrRNA  
V3-V4 

α: Observed sp., Chao 1, Shannon 
β: UniFrac (weighted & unweighted) 

AN Monteleone 
et al. 2021 55 

Italy DSM-5 P:21  
HC: 20 

P: 21.7 
HC:23.0 

100% P: 14.6 
HC: 20.3 

nr nr 16SrRNA  
V4 

α: Chao1, Fisher  
β: non-metric multidimensional scaling 

OCD Domenech et 
al. pre-print 
56 

Spain DSM-IV P: 38 
HC: 33 

P: 40.2 
HC: 36.0 

53% nr nr nr 16SrRNA  
V3-V4 

α: Observed sp., Chao 1, Shannon, 
Simpson, Inv. Simpson, Faith's PD  
β: UniFrac (weighted & unweighted), 
Bray-Curtis, Jensen-Shannon, Canberra 
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Disorder Study Country 
Definition 
of disorder 
Stage 

Sample 
size n 

Mean 
Age 

% 
Female 

Mean 
BMI 

% 
Smokers  

% Patients 
on 
medication  

Sequencing  Diversity assessments 

OCD Turna et al. 
2020 57 

Canada DSM-5 P: 21  
HC: 22 

P: 31.0 
HC:29.3 

54% P: 24.6 
HC: 23.2 

nr 0%  
 

16SrRNA  
V3 

α: Observed sp., Chao 1, Inv. Simpson, 
Shannon;  
β: UniFrac (weighted & unweighted), 
Bray-Curtis, Jaccard 

PTSD Hemmings et 
al. 2017 58 

South 
Africa 

DSM-5 P: 18 
HC: 22  

P: 42.0 
HC: 38.7 

P: 
14%       
HC: 
7% 

P:28.5 
HC:28.6 

P: 50%    
HC:42% 

33% 16SrRNA  
V3-V4 

α: Observed sp., Chao1, Shannon, 
Faith's PD 
β: UniFrac (weighted & unweighted), 
Bray Curtis 

ADHD Aarts et al.  
2017 59  

NL DSM-IV 
 

P: 19 
HC:77 

P: 19.5 
HC: 27.1 

P:32% 
HC:47
% 

P: 23.8 
HC: 23.0 

nr nr 16SrRNA  
V3-V4 

α: Observed sp., Chao1, Shannon, 
Faith's PD 
β: not measured 

ADHD attention deficit hyperactivity disorder, AN anorexia nervosa, ANX anxiety, BD bipolar disorder, OCD obsessive compulsive disorder, MDD major depressive disorder, PTSD 
post-traumatic stress disorder, SCZ schizophrenia and psychosis, BMI body mass index, P patient, HC healthy control, NL Netehrlands, ICD International Classification of Diseases, 
DSM Diagnostic and Statistical Manual of Mental Disorders, MINI Mini-International Neuropsychiatric Interview, FEP first episode psychosis, seq sequencing, (RT) qPCR (real time) 
quantitative polymerase chain reaction, ACE abundance-based coverage estimator, ICE incidence-based estimator, Faith’s PD Faith’s phylogenetic diversity, PLS-DA partial least 
squares discriminant analysis, OPLS-DA orthogonal projections to latent structures discriminant analysis, n number, nr not reported 
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eAppendix 7. Stool sample processing methods in the included studies 

 

Table e7.1. Stool sample collection, storage and DNA extraction procedures of the included studies. 

Study Collection & handling by participant Long-term storage  DNA extraction method 

Naseribafrouei et al. 
2014 

Outpatient samples frozen at −20 °C in home 
freezer upon collection and transported at below 
zero. Inpatients stored directly at -70 °C. 

at −70 °C until use MagTM mini kit (LGC), 
following the manufacturer recommendations 

Jiang et al. 
2015 

Sterile plastic cups were used to collect samples 
and were kept in an icebox 

at −80 °C within 15 min of 
collection, until use 

QIAamp® DNA Stool Mini Kit (QIAGEN), following 
manufacturer instructions, with additional glass-bead 
beating steps on a Mini-beadbeater (FastPrep; Thermo 
Electron Corp) 

Aizawa et al. 2016  collected with RNA stabilizer an stored at room 
temperature or at 4°C until sent to lab 

- Total RNA fractions were extracted (Yakult Central 
Institute), method not reported 

Kelly et al. 
2016  

Collected in plastic containers containing an 
anaerobic generator AnaeroGen Compact Oxoid 
sachet 

Homogenized, aliquoted and 
stored at −80 °C until further use 

QIAamp DNA Stool Mini Kit (QIAGEN) 

Liu et al.  
2016 

- Immediately stored at −80 °C until 
use 

PowerSoil DNA Isolation Kit (MoBio), following Human 
Microbiome Project recommendations 

Zheng et al. 2016  - Immediately stored at −80 °C until 
use 

PowerSoil DNA Isolation Kit (MoBio), following 
standard protocols 

Lin et al. 
2017  

- Immediately stored at −70 °C until 
use 

Tiagen DNA Stool Mini Kit (Tiagen Biotech), following 
manufacturer protocols 

Chen et al. 2018a  - at −80 °C until use PowerSoil DNA kit following standard protocol 

Chen et al. 2018b  Sterile plastic cups were used to collect samples  at −80 °C until use Tandem mass spectra were extracted and analyzed 
using Mascot (Matrix Science) against a combined 
Swiss prot-human (20151226) and TrEMBL bacteria 
database 

Huang et al. 2018 sterile containers were used to collect samples Immediately stored at −80 °C until 
use 

PowerSoil DNA Kit (Missouri Biotechnology 
Association) 

Chahwan et al. 
2019  

kept on ice or refrigerated before delivery to study 
staff 

Samples placed at 4 °C and 
aliquots stored at −80 °C within 
several days 
 

PowerFecal DNA Isolation Kit (MoBio), following 
manufacturer instuctions 
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Study Collection & handling by participant Long-term storage  DNA extraction method 

Valles-Colomer 
2019  

Frozen at -18°C at home and cool transported to 
collection point 

stored at -18°C until transport on 
dry ice to the research facility for -
80°C storage  
 

PowerMicrobiome RNA Isolation kit (MoBio 
Laboratories) 

Chung et al. 2019  delivered in 4 °C to staff and −80 °C until use QIAamp DNA Stool Mini Kit (QIAGEN) or phenol–
chloroform extraction method 

Lai et al. 2019  - immediately stored at −80 °C until 
use 

StoolGen DNA kit (CWBiotech Co) 

Rong et al. 2019  - immediately stored at −80 °C until 
shipped to lab 

StoolGen DNA kit (CWBiotech Co) 

Chen et al. 2020  - - standard PowerSoil kit protocol 

Chen et al. 2021  Sterile plastic cups were used to collect samples  stored at −80 °C within 30 min of 
collection until use 

Qiagen QIAamp DNA Stool Mini Kit (Qiagen) according 
to manufacturer’s instructions 

Yang et al. 2020  - - E.Z.N.A. Soil DNA Kit (Omega Bio-tek, Norcross, GA, 
USA) according to manufacturer’s instructions 

Liu et al. 2020  OMNIgene•GUT stool collection kits at −80 °C until use ZymoBIOMICS 96 DNA Kit (Zymo Research) 
according to manufacturer’s instructions 

Stevens et al. 2020  collected with OMNIgeneGUT fecal 
collection kits (DNAGenotek, Ontario, Canada) 

at −80 °C until use Stool Extraction Kit following the manufacturer’s 
instructions (Omega Bio-tek, Doraville, CA). 

Stevens et al. 2018 [ - at −80 °C until use - 
Vinberg et al. 2019   stool collection kits (Sarsted Kit sterile) at −80 °C within 24-72 hours, until 

use 
NucleoSpin 96 Soil kit (Macherey-Nagel) 
 

Jiang et al. 2020  collected in a sterile plastic cup at the 
hospital and refrigerated 

stored at −80 °C within 30 min of 
collection until use 

FastDNATM SPIN Kit for Feces (MP Biomedicals) 
according to manufacturer's instructions 

Evans et al. 2017  Home stool collection kits (DNA Genotek, Ontario 
CA) 

at −80 °C until use PowerMag soil isolation kit (MoBio) 

Painold et al. 2018  - - 20C until use PowerLyzer PowerSoil DNA Isolation Kit (MoBio) 

Aizawa et al. 2019 collected with RNA stabilizer and stored at 4°C at 
home 

at 4°C until use Total RNA fractions were extracted (Yakult Central 
Institute), method not reported 

Coello et al. 2019 collected with OMNIgeneGUT fecal 
collection kits (DNAGenotek, Ontario, Canada) 

at −80 °C until use NucleoSpin ® 96 Soil kit 
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Study Collection & handling by participant Long-term storage  DNA extraction method 

McIntyre et al. 2019 Collected in sterile screw-capped sample jar and 
frozen in home freezer 

Processed upon receipt; back-ups 
stored at −80 °C 

Using in-house protocol on a MagMax™ robot 
(Thermo Fischer Scientific,WalthamMass) 

Hu et al. 2019  at -80°C within 30 min of 
collection, until use 

PSP Spin Stool DNA Plus Kit (Stratec, Germany) 
according to the manufacturer’s instructions. 

Lai et al. 2021  - At -80 until use StoolGen DNA kit (CWBiotech Co., Beijing, China) 

Lu et al. 2019  - at -80°C within 30 min of 
collection, until use 

Qiagen Stool Kit (Qiagen, Hilden, Germany), according 
to a modified protocol for cell lysis 

Nguyen et al. 2019  home stool collection kits (BD SWUBE Dual Swab 
Collection System; BD Worldwide 

at −80 °C until use Earth Microbiome Project (EMP), modified from 
MagAttract®  PowerSoil®  DNA KF Kit 

Schwarz et al. 2018  Collected in a larger sampling bowl, from which 
duplicate samples were transferred to smaller 
tubes 

at −80 °C until use FastDNA Spin Kit for Soil (QBIOgene 

Shen et al. 2018  - at −80 °C until use PowerSoil DNA kit (MoBio) 

Yuan et al. 2018  - - QIAamp Fast DNA Stool Mini Kit (QIAGEN) 

Zheng et al. 2019 - immediately stored at −80 °C until 
use 

QIAamp DNA Stool Mini Kit (QIAGEN, Hilden, 
Germany). 

Pan et al. 2020  Collected and immediately transported to lab with 
ice packs 

at −80 °C until use E.Z.N.A. soil kit (Omega Bio-tek, Norcross, GA, U.S.) 
according to manufacturer's instructions 

Zhu et al. 2020 - - - 

Li et al. 2020  - at −80 °C until use MOBIO PowerSoil DNA Isolation Kit 12,888–100 
protocol 

Ma et al. 2020  collected in sterile plastic containers immediately stored at −80 °C until 
use 

QIAamp DNA Mini Kit (QIAGEN, Hilden, Germany) 
according to the manufacturer's instructions 

Zhang et al. 2020  Sterile plastic cups were used to collect samples 
and were kept in an icebox 

at −80 °C within 30 min of 
collection, until use 

FastDNA™ SPIN Kit for Feces (MP Biomedical Inc., 
Santa Ana, CA, USA) according to the manufacturer’s 
instructions with additional glass-bead beating steps  

Xu et al., 2020  Collected in disposable sterile potty and 
transferred to tubes then frozen at -20°C 

Same or next day moved to −80 
°C until use 

StoolGen fecal DNA extraction kit (CWBiotech, Beijing, 
China) 

Jiang et al. 2018  Sterile plastic cups were used to collect samples 
and were kept in an icebox 

at −80 °C within 30 min of 
collection, until use 

QIAamp DNA Stool Mini Kit (QIAGEN), following 
manufacturer instructions, with the addition of a glass-
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Study Collection & handling by participant Long-term storage  DNA extraction method 

bead beating step on a Mini-beadbeater (FastPrep; 
Thermo Electron Corp) 

Chen et al. 2019  Sterile plastic cups were used to collect samples at −80 °C within 15 min of 
collection, until use 

QIAamp DNA Stool Mini Kit (QIAGEN), following 
manufacturer instructions 

Mason et al. 2020  Frozen in home freezer after collection at −80 °C until use Crude DNA extracts were treated with RNAseA 
(QIAGEN) and column-purified (PCR Purification Kit, 
QIAGEN) 

Armougom et al. 
2009  

- - NucleoSpinH Tissue Mini Kit according to 
manufacturer’s instructions 

Million et al. 2013 collected using sterile plastic containers and 
transported “as soon as possible” to the lab 

at -80°C until use NucleoSpin® Tissue Mini Kit (information taken from 
cross-referenced source [1] 

Kleiman et al. 2015  collected by nurses trained in collection protocols at -80°C until use  Qiagen DNeasy® Blood and Tissue extraction kit 
(Qiagen, Valencia, CA, USA) 

Morita et al. 2015  Collected in tubes containing the RNA stabilizer  at 4°C until use Total RNA fractions were extracted (Yakult Central 
Institute), method not reported 

Mack et al. 2016  Collected with a stool-collecting kit (Süsse 
Labortechnik, Gudensberg, Germany) from eight 
different sites of the stool 

immediately stored at −80 °C until 
use 

PSP Spin Stool Kit (Stratec Molecular, Berlin, 
Germany) according 
to the manufacturers’ instructions 

Mörkl et al. 2017  Collected with the PSP spin stool DNA stool 
collection 
kit (Stratec, Birkenfeld, Germany) 

immediately stored at −20 °C until 
use 

PowerLyzer PowerSoil DNA Isolation Kit (MO BIO 
Laboratories, CA) according to the manufacturer’s 
instructions. 

Borgo et al. 2017 - at -80°C until use Spin stool DNA kit (Stratec Molecular, Berlin, 
Germany), according to the manufacturer's instructions 

Hanachi et al. 2018  - - Standard Operating Procedure 07 of the IHMS 

Hata et al. 2019  Collected and sealed in a plastic bag containing a 
disposable oxygen-absorbing and carbon dioxide–
generating agent and transported on ice to the 
laboratory within several hours. 

- - 

Monteleone et al. 
2021 

- at -80°C until use PowerSoil DNA isolation kit (Qiagen, Germantown, 
MD, USA) 

Domenech et al. 
pre-print  

collected in Stool Collection Tubes (Stratec 
14 Molecular) 

At -20°C until use PSP Spin Stool 15 DNA Basic Kit (Stratec Molecular) 
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Study Collection & handling by participant Long-term storage  DNA extraction method 

Turna et al. 2020  collected and transferred into a sterile screw 
capped sample jar and placed in a household 
freezer 
(for up to 1 week) 

- - 

Hemmings et al. 
2017  

- - PSP® Spin Stool DNA Plus Kit (STRATEC Molecular, 
Birkenfeld, Germany) according to the manufacturer’s 
protocol 2 (“Isolation of total DNA from 1.4 ml stabilized 
stool homogenate with enrichment of bacterial DNA”). 

Aarts et al. 2017  pea-sized amount stored it in a 50ml Falcon tube, 
then  
stored at 4°C until delivery to site 

At -80°C within 24hrs, until use DNeasy1Blood and Tissue Kit (Qiagen, Venlo, The 
Netherlands) 

– information not available 

 

eReferences not included elsewhere: 

 
1.  Dridi B, Henry M, El Khéchine A, et al. High Prevalence of Methanobrevibacter smithii and Methanosphaera stadtmanae Detected in the 
Human Gut Using an Improved DNA Detection Protocol. PLoS One; 4. Epub ahead of print 17 September 2009. DOI: 
10.1371/journal.pone.0007063.
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eAppendix 8. Publication bias assessment for the alpha diversity meta-analyses 

 

 

Figure e8.1. Funnel plots assessing publication bias in the meta-analyses of alpha 
diversity. A. Chao1, B. Observed species, C. Phylogenetic diversity, D. Shannon, E. 
Simpson index. 
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eAppendix 9. Beta diversity  

 

Table e9.1. Methodology and findings of the included studies assessing beta diversity for 
the patient vs. control group comparison. 

Disorder Study Year Metric Analysis Finding 

MDD Jiang  2015 Unweighted Unifrac  - no sig. difference 
MDD Kelly 2016 Bray-Curtis 

Unweighted Unifrac  
Weighted Unifrac 

PCoA, Adonis 
PERMANOVA 

sig. different 
sig. different 
sig. different 

MDD Zheng 2016 Bray-Curtis PCoA sig. different 

MDD Lin 2017 Weighted Unifrac PCoA sig. different 

MDD Chen 2018a Unifrac (nr) PCoA, PLS-DA sig. different 
MDD Huang 2018 Unweighted Unifrac  

Weighted Unifrac 
PCoA sig. different 

sig. different 
MDD Chawan 2019 Weighted Unifrac PCoA, 

PERMANOVA 
no sig. difference 

MDD Chung 2019 Weighted Unifrac PERMANOVA sig. different 

MDD Lai 2019 Bray-Curtis PCoA, 
PERMANOVA 

sig. different 

MDD Chen  2020 - OPLS-DA sig. different 

MDD Chen 2021 Unweighted Unifrac  
Weighted Unifrac 

PCoA sig. different 
sig. different 

MDD Yang  2020 Bray-Curtis  PERMANOVA sig. different 

MDD Liu 2020 Unweighted Unifrac  
Weighted Unifrac 
Bray - Curtis 

PCoA sig. different 
sig. different 
sig. different 

MDD Stevens 2020 Bray-Curtis (unfiltered 
data)        
Bray-Curtis (filtered data) 

PERMANOVA no sig. difference 
sig. different 

MDD, ANX, 
MDD +ANX 

Mason 2020 Weighted Unifrac PCoA no sig. difference 

MDD, 
BD 

Jiang  2020 Unweighted Unifrac  
Weighted Unifrac 
Bray - Curtis 

PCoA no sig. difference  
no sig. difference 
sig. different 

MDD, BD Rong 2019  Bray-Curtis PCoA no sig. difference 

MDD+BD Vinberg 2019 Generalized UniFrac PCoA, 
PERMANOVA 

no sig. difference 

BD Evans 2017 Yue & Clayton distance PCoA, AMOVA sig. different 

BD Painold 2018 Unweighted Unifrac  
Weighted Unifrac 

PCoA no sig. difference 

BD Coello 2019 Weighted Unifrac  
Unweighted Unifrac 

- no sig. difference 
sig. different  

BD Mcintyre 2019 Bray–Curtis PCoA no sig. difference 
BD Hu 2019 Unweighted Unifrac  

Weighted Unifrac 
PCoA sig. different  

BD Lai 2021 Bray-Curtis PERMANOVA sig. different 
SCZ Nguyen 2019 Unweighted Unifrac 

Bray-Curtis 
PCoA sig. different 

sig. different 
SCZ Shen 2018 Unweighted Unifrac PCoA, ANOSIM sig. different  
SCZ Zheng 2019 - PLS-DA sig. different  
SCZ Pan 2020 Unweighted Unifrac PCoA, ANOSIM no sig. difference 
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SCZ Zhu 2020 Bray-Curtis - sig. different 

SCZ Li 2020 Bray-Curtis PCoA, 
PERMANOVA 

sig. different  

SCZ Ma 2020 Unweighted Unifrac  
Weighted Unifrac 

PCoA, 
PERMANOVA 

sig. different  
no difference 

SCZ Zhang 2020 Unweighted Unifrac  
Weighted Unifrac 
Bray-Curtis 

PCoA sig. different 
sig. different 
sig. different  

SCZ Xu 2020 - NMDS sig. different 

ANX Jiang  2018 UniFrac unweighted PCoA, 
PERMANOVA 

sig. different  

ANX Chen 2019 Unweighted Unifrac  
Weighted Unifrac  

PCoA sig. different  
sig. different 

AN Kleiman 2015 Unweighted Unifrac  
Weighted Unifrac 

PCoA no sig. difference 
no sig. difference  

AN Mack  2016 Unweighted Unifrac  
Weighted Unifrac  
Bray Curtis 

PCoA sig. different 
sig. different 
sig. different 

AN Mörkl  2017 Unweighted Unifrac  
Weighted Unifrac 

PCoA, ANOSIM, 
Adonis 

sig. different 
sig. different 

AN Borgo  2017 - RDA, ANOSIM no sig. difference 
AN Hanachi  2018 Unweighted Unifrac  

Weighted Unifrac 
PCoA sig. different 

sig. different 
AN Montelione 2020 - NMDS, 

PERMANOVA 
no sig. difference 

PTSD Hemmings 2017 Unweighted Unifrac  
Weighted Unifrac  
Bray-Curtis 

PCoA, ANOSIM no sig. difference 
no sig. difference 
no sig. difference 

OCD Domenech pre-
print 

Unweighted Unifrac  
Weighted Unifrac  
Bray-Curtis          
Jensen-Shannon    
Canberra 

PCoA, 
PERMANOVA 

no sig. difference 
no sig. difference 
no sig. difference 
no sig. difference 
no sig. difference 

OCD Turna 2020 Unweighted Unifrac  
Weighted Unifrac  
Bray-Curtis  
Jaccard 

PCoA, 
PERMANOVA 

no sig. difference 
no sig. difference 
no sig. difference 
no sig. difference 

PCoA = principal coordinates analysis; PERMANOVA = permutational analysis of variance; PLS-DA = principal least 
squares discriminant analysis; OPLS-DA = orthogonal principal least squares discriminant analysis; NMDS = non-metric 
multidimensional scaling 
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eAppendix 10. Figures for study-level findings of relative abundance of microbial taxa 

 

Figure e10.1. Study-level findings of relative abundance of microbial taxa in patients 
with psychiatric disorders compared to healthy controls at the: A. Phylum level, B. 
Family level, C1-2. Genus level. ADHD= attention deficit hyperactivity disorder, AN= anorexia 
nevrosa, ANX= anxiety, BD= bipolar disorder, MDD= depression, OCD= obsessive compulsive 
disorder, PTSD= post-traumatic stress disorder, SCZ= psychosis & schizophrenia  
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Figure e10.1. Continued 
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