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• Continue actively recruiting participants to the project
• Continue with data collection and sample storage
• Following collection of samples from 80 participants begin analyzing biological 

samples

Background
• Growing research is showing the links between gut microbiota and either risk or resilience to anxiety 

and depression disorders (1-3)

-Stress can influence the composition of gut microbiota which influences the 
central nervous systems response to future stressors(2,4)

-Substance abuse, including alcohol use, can influence the diversity of 
microorganisms in the gut(5,6)

-Deviations in microbiota have been shown to directly influence immune 
development and inflammatory responses to potentially affect mental health 
outcomes(7-11)

• C-Reactive Protein (CRP) is a biomarker for inflammation and tissue injury that has been linked to 
depression, anxiety disorders and PTSD(12-18)

• CRP is released in response to elevations of pro-inflammatory cytokines which have been explored as 
potential biomarkers for anxiety disorders, depression PTSD and substance abuse(5,12,14,19-24)

• There are still many gaps in our understanding of how the microorganisms relate to stress, substance 
abuse, genetics and mental health, and we seek to test these relationships in a non-clinical population 
(see Figure 1)

• Understanding the relationships between biomarkers and vulnerability to psychiatric disorders will 
help to determine direct future research in assessing causal direction between all of these factors that 
can promote mental well-being, and even help re-think how we treat mental health disorders.

Purpose
• To investigate a direct association between behavior profiles such as anxiety and depression, the composition of the 

gut microbiota, basal levels of CRP and cytokines, cortisol and genetic predisposition in a general population (e.g. 
Figures 2 and 3) 

• To seek to better understand the role of biomarkers in vulnerability and resilience to psychiatric disorders such as 
depression, PTSD and substance dependence. 

Specifically we aim to determine if:
• The composition of gut microbiota is related to inflammation markers in the blood, i.e. increased basal inflammation 

expressing a linear relationship with decreased biodiversity.
• Chronic changes in cortisol levels are related to gut microbiota; specifically, if increased cortisol levels are associated 

with decreased biodiversity of gut microorganisms.
• Increased anxiety and depression profiles are correlated with higher basal levels of pro- inflammation markers 

(cytokines and CRP), decreased levels of anti-inflammation markers (cytokines), and reduced gut microbiota diversity.
• Substance use behaviors mediate the relationship between basal inflammation markers and/or decreased gut 

microbiota diversity with anxiety/depression.
• Genetic variants (IL4, 6, 10, IL-1β, IFN-γ, TNF-α, glucocorticoid receptor, SERT, and CRP genes) and/or early-life 

experiences can be used to predict relationships between baseline inflammation levels and anxiety/depression in a 
non-clinical population. 

Acknowledgements
The project described was supported by the National Institute Of General Medical Sciences, 
1U54GM115458; The Center for Brain and Behavior Research (CBBRe), USD; Basic 
Biomedical Sciences, USD; and the South Dakota Governor’s Center for Genetics and 
Behavioral Health.
The content is solely the responsibility of the authors and does not necessarily represent the 
official views of the NIH.

1. Bravo, J.A., et al (2012) Cur Op Pharmacol, 12: 667-672.
2. Foster, J.A. & McVey Neufeld, K. (2013). Trend Neurosci, 36: 

305-312.
3. Lowry CA, et al (2016) Cur Environ Health Reports 3:270-

286. doi:10.1007/s40572-016-0100-5.
4. Moussaoui N, et al (2017). J Neurogastroenterol Motil, 

23:135-143. 
5. Leclercq S, et al (2017a) Transl Psych, 7:e1048.
6. Ning, T., et al  (2017) doi: 

http://dx.doi.org/10.1101/115709.
7. Round, J.L., & Mazmanian, S.K. (2009) Nat Rev Immunol, 9: 

313-323.
8. Rook, G.A.W., et al (2012) Drug Discovery Today, 17: 451-

458.
9. Dinan, T.G. & Cryan, J.F. (2012) Psychoneuroendocrinol, 37: 

1369-1378.
10. Rea, K., et al (2016). Neurobiol Stress, 4: 23-33.
11. Rieder, R., et al (2017) Brain, Behav, and Imm. 

http://dx.loi.org/10.1016/j.bbi.2017.01.016.
12. Felger, J.C. & Lotrich, F.E. (2013) Neuroscience, 246: 199-

229.
13. Das, A. (2016) Social Sci & Medicine, 170: 1-8.
14. Eraly, S.A., et al (2014). JAMA Psych, 71: 423-431.

15. Kohler-Forsberg, O., et al (2017) Brain, Behav, and Imm, 62: 
344-350.

16. Khandaker, G.M., et al (2016) Neurobiol Stress, 4: 55-61.
17. Pierce, G.L., et al (2017) Obesity, 25: 286-289.
18. Michopoulos, V., et al  (2017) Neuropsychopharmacol Rev, 

42: 254-270.
19. Heinzelmann, M., Gill, J. (2013). Nurs Res Prac, 2013: 1-10.
20. Neigh, G.N., Ali, F.F. (2016). Cur Opin Pharmacol, 29: 104-

110.
21. Martin-Subero, M., et al (2016) CNS Spectrums, 21; 184-

198.
22. Czarny, P., et al (2017) Prog. Neuropsychopharmacol & Biol

Psych, j.pnpbp.2017.06.036.
23. Holmes, S.E., et al (2017). Biol Psych: In press.
24. Temko, J.E., et al (2017). Alcohol and Alcoholism, 52: 403-

413.
25. Alison, D.J., & Ditor, D.S. (2015) Spinal Cord, 53: 14-18.
26. Alimadi, T., et al (2013) Psychophysiol, 50: 821-830.
27. Slavich, G.M., & Irwin, M.R. (2014) Psychol Bull, 140: 774-

815.

References

Next Steps

Figure. 2: Proposed relationship between immune response and mental health(25-26)

Figure 1: Hypothesized relationships to be tested by current study 
potentially determining mental well-being.

Approach
• Participants will be recruited from the campus USD, as well as within the city of Vermillion and 

surrounding towns by use of posted advertisements.
• Prior to testing, participants will be asked about exclusion criteria, including use of blood thinners 

or injectable glucocorticoids, recent surgery or illness, pregnancy or mastectomy as these can 
influence inflammation markers or interfere with blood collection safety.

• Participants will be consented to the procedure and will be asked to complete a series of 
assessments including:
- demographics, medications, diet, exercise, mental and physical health diagnoses and general 
health.  
- depression, anxiety, PTSD, substance use, and overall health. 
- self-care behavior, and previous and current trauma

• Participants will have hair and blood samples collected, and be given instructions for the return of 
the stool sample

• Hair will be analyzed for cortisol, blood samples for CRP and cytokine content and SNP’s, and stool 
for microbiota.

• Data will be compiled and regression analysis will be employed to examine potential relationships 
between immune function, psychological health and substance use. 
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