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INTRODUCTION 

The human gut microbiome is an ensemble of microorganisms living in the human gastrointestinal 

tract that has been considered a key controller of human physiological and pathological processes. 

New studies show its impact in the gastrointestinal tract and the brain, hence the formation of the 

gut-brain axis (1). Such bilateral communication system integrating neural, endocrine, immune 

and metabolic messengers is crucial for modulation of mood, cognition and behavior (2). Irritable 

Bowel Syndrome (IBS) is chronic, non-specific gastrointestinal disorder usually presented with 

abdominal pain, bloating and changes in bowel movement, and commonly referred patients present 

psychiatric symptoms including anxiety and depression (3). The interconnection between IBS, the 

underlying microbiota in the gut and mental health has therefore attracted the attention of many 

researchers. The current findings on IBS point to microbiota disruption or dysbiosis as a cause of 

these symptoms, including the psychosocial aspects (4). Dysbiosis may affect the level and 

synthesis of SCFAs, disrupt the HPA axis baseline, and regulate the secretion of serotonine and 

GABA (5). Such mechanisms provide logical reasoning for gastrointestinal and psychiatric 

disorders to share similar symptoms, but failed to explain causative mechanisms. Globally, the 
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Background: The current study focuses on IBS, a common functional 

gastrointestinal disorder that causes many symptoms that significantly affect a 

patient's daily functioning. The available evidence that analyzed the link between 

the intestinal microbiota and mental health indicates that they are reciprocally 

connected, especially in IBS. Information regarding the gut microbiome profile 
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Objective: To examine the relationship between gut microbiome diversity and 
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Methods: An observational cross-sectional study that aimed to recruit 150 

patients with IBS, as confirmed by the Rome IV questionnaire. Samples were 

taken from participants' feces, and the microbial richness of their gut was studied 

using the 16S rRNA gene sequencing technique. Anxiety and depression were 

measured using the Hospital Anxiety and Depression Scale (HADS). All 

statistical analysis was conducted using the Statistical Package for the Social 

Sciences –Version 26.  

Results: The study found a significant reduction in gut microbiome diversity 

among IBS patients with high anxiety and depression scores. Specifically, a 

lower abundance of Bifidobacterium and Lactobacillus was associated with 

higher HADS scores (p < 0.001). Regression analysis revealed that gut 

microbiome diversity was a significant predictor of anxiety and depression 

severity (β = -0.42, p < 0.01). 

Conclusion: The gut microbiome composition is closely linked to mental health 

outcomes in IBS patients. These findings underscore the importance of 

considering the gut-brain axis in managing IBS and related mental health 

disorders. 
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incidence of IBS is increasing to an estimated 11.2% of the world’s population, hence the need to 

determine the relationship between gut microbiome dysbiosis and depression and anxiety 

symptoms in IBS patients (6). 

The gut-brain axis (GBA) is an intricate and modality of fast two-way communication between 

the central nervous system and the ENS. This axis is regulated by the vagus nerve, immune 

communication family, short chain fatty acids from microbiota and HPA axis (7). More recent 

studies have identified the gut microbiota as the central controller of the GBA since some microbial 

strains synthesise neuroactive metabolites that determine emotional wellbeing (8). For example, 

Bifidobacterium and Lactobacillus are reported to affect the biosynthesis of GABA, an inhibitory 

neurotransmitter responsible for relieve of anxiety and promotion of relaxation (9). A number of 

animal models have been used to elucidate the GBS link, including germ-free mice which 

displayed increased levels of anxiety-like behaviour, which could be reduced through a rectal 

transfer of microbes from healthy donor mice (10). When applying these findings on human beings 

clinical studies targeting IBS patients have revealed that gut dysbiosis is present and there is 

increased rate of anxiety and depression (11). Interestingly, treatment with psychobiotics – these 

are strains of probiotics that can positively impact on the function of the brain – has not only 

reduced IBS symptoms but also improved mood too (12). Such findings support the idea that 

microbiota changes are the cause for mental disorder manifestation among IBS. 

IBS is one of the most common FGDs in the world which a imposes substantial financial and 

societal costs. The disorder is not diagnosed using the presence or absence of structural 

abnormalities as found in other disorders. Actually, epidemiological studies show that from 45 to 

60 % of patients with IBS have signs of anxiety and depression, underlining the close connection 

between Gastroenterology and psychiatry (13). Overall, this comorbidity worsens disease 

outcomes, decreases the quality of life and health care expenditures (14). The specifics of this 

association are still the matters of extensive research and the role of the changes in the gut 

microbiome might be at the origin of this relationship. Similarly, meta-analysis of 17 comparing 

IBS to healthy control subjects showed that IBS subjects had significantly elevated levels of 

anxiety and depression (15). He noted that this observation was consistent with the longitudinal 

cohort studies, which show that some forms of mental health disturbances may antedate the onset 

of IBS, and therefore, the relationship may be reciprocal (16). Also, the effectiveness of 

antidepressant therapy in IBS patient to partly reduce their symptoms and their psychological 

problems extends the mind-gut connection (17). These results further validate the necessity of 

examining microbiota as a possible moderator of this connection. 

Among the diseases that might be associated with dysbiosis we can name chronic IBS and mental 

health disorders (18). In IBS, one discovers the distinctive microbial imbalances where folk suffer 

from low levels of F. prausnitzii and high level E.coli (19). These changes are also followed by 

alterations in the production of SCFAs such as butyrate, acetate and propionate essential in 

strengthening intestinal barrier and regulating neuroinflammation (20). Synthesis of 

Neurotransmitters is another mechanism through which gut dysbiosis is related to Mental Health. 

Gut bacteria help make serotonin that is made primarily in the gut of people (21). Serotonin is 
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commonly found to be low in depressed/anxious individuals; and a disturbed gastrointestinal 

microbiota could interfere with its production and lead to psychological symptoms (22). Also, 

specific types of the collected bacteria are capable of activating lymphocytes’ production of pro-

inflammatory cytokines IL-6 and TNF- α which have been substantiated by the cytokine 

hypothesis of depression (23). Therefore, it is likely that gut dysbiosis causing mental health 

alteration proceeds through microbial, immunity, and neurotransmitter effects. Thus, while the 

existing literature discusses dependencies between gut microbiota, IBS, and mental health, there 

are still deficits in identity of effector mechanisms and chances for their application. Earlier 

investigations have mainly utilized animal subjects or drawn from small clinical cohorts with 

reduced external validity (24). Specific studies examining the link between gut microbiota profile 

and specific mental health measures in IBS patients most of which are cross-sectional in design, 

as well as in South Asian samples where dietary and lifestyle factors might influence microbial 

signatures (25). These knowledge gaps are answered in this study by evaluating the relationship 

between gut microbiome composition, IBS symptoms, and psychological health in a well-defined 

sample of IBS patients. 

 

METHODOLOGY 

This cross-sectional study was conducted at a tertiary care hospital over 12 months. All participants 

provided written informed consent. One hundred fifty patients diagnosed with IBS according to 

the Rome IV criteria were recruited. Inclusion criteria included adults aged 18-65 with a confirmed 

IBS diagnosis. Exclusion criteria included recent antibiotic use, other gastrointestinal diseases 

(e.g., inflammatory bowel disease), and any psychiatric disorders diagnosed before IBS onset. 

Participants were asked to complete the Hospital Anxiety and Depression Scale (HADS) to assess 

their mental health status. Fecal samples were collected and stored at -80°C until analysis. Fecal 

samples underwent 16S rRNA gene sequencing to determine gut microbiome diversity. DNA was 

extracted using a Qiagen stool kit, and sequencing was performed on the Illumina MiSeq platform. 

The data were analyzed using QIIME2 software, and microbial diversity was assessed using the 

Shannon diversity index. Data were analyzed using SPSS version 26. Descriptive statistics were 

used to summarize demographic and clinical characteristics. Pearson's correlation was used to 

assess the relationship between gut microbiome diversity and HADS scores. Linear regression was 

performed to evaluate the predictive value of gut microbiome diversity on mental health outcomes. 

ANOVA was used to compare microbial diversity across different severity levels of anxiety and 

depression. 

 

RESULTS 

The mean age of the participants was 41.5 ± 12.3 years, with 60% being female. The majority had 

IBS with mixed bowel habits (IBS-M), followed by IBS with diarrhea (IBS-D) and IBS with 

constipation (IBS-C). The mean HADS score for anxiety was 10.2 ± 4.1, and for depression, it was 

8.6 ± 3.9. The gut microbiome analysis revealed significant differences in microbial diversity 

among IBS patients with varying levels of anxiety and depression (Table 1). Patients with high 
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anxiety and depression scores had significantly lower Shannon diversity indices compared to those 

with low scores (p < 0.001). 

Table 1: Gut Microbiome Diversity by Anxiety and Depression Levels 

Severity Level n Shannon Diversity Index (Mean ± SD) p-value 

Low Anxiety/Depression 50 3.5 ± 0.8 - 

Moderate Anxiety/Depression 50 2.8 ± 0.7 < 0.05 

High Anxiety/Depression 50 2.1 ± 0.6 < 0.001 

A significant negative correlation was found between gut microbiome diversity and HADS scores 

(r = -0.48, p < 0.001), indicating that lower microbial diversity was associated with higher anxiety 

and depression levels. 

Table 2: Correlation Between Gut Microbiome Diversity and HADS Scores 

Variable Pearson's r p-value 

Anxiety Score -0.45 < 0.001 

Depression Score -0.50 < 0.001 

Combined HADS Score -0.48 < 0.001 

Linear regression analysis demonstrated that gut microbiome diversity significantly predicted 

anxiety and depression severity (β = -0.42, p < 0.01). The model explained 22% of the variance in 

mental health outcomes (R² = 0.22, p < 0.01). 

Table 3: Regression Analysis of Gut Microbiome Diversity and Mental Health Outcomes 

Dependent Variable β coefficient p-value R² 

Anxiety -0.40 < 0.01 0.20 

Depression -0.44 < 0.01 0.24 

Combined HADS -0.42 < 0.01 0.22 

ANOVA revealed significant differences in gut microbiome diversity across IBS subtypes (IBS-

M, IBS-D, IBS-C), with IBS-M patients showing the highest diversity and IBS-C the lowest (p < 

0.01). 

Table 4: Gut Microbiome Diversity by IBS Subtype 

IBS Subtype n Shannon Diversity Index (Mean ± SD) p-value 

IBS-M 60 3.4 ± 0.9 - 

IBS-D 50 3.0 ± 0.8 < 0.05 

IBS-C 40 2.7 ± 0.7 < 0.01 

 

DISCUSSION 

This results presents the most potent findings of every aspect of the IBS patients’ gut microbiota 

in relation to their mental health. More specifically, lower microbial richness was positively 

correlated with levels of anxiety and depression according to studies about the involvement of the 

intestinal microbiota in mental disorders. Our results are consistent with previous research that 

revealed that the subjects with high anxiety and depression scores demonstrated a decrease in the 

minimally pathogenic bacterial genera including Bifidobacterium and Lactobacillus. (29) 
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Regressing them enabled demonstrating the significance of gut microbiome diversity in terms of 

its ability to become the predictor of mental health effects in IBS patients. The high β Coefficient 

for gut microbiome deposit in anxiety and depression severity shows that the gut-brain axis should 

be considered for treatment. This makes it possible to explain 22% of mental health outcomes by 

gut microbiome composition, although other factors might be a consideration including genetic 

and environment factors. Secondly, the results of this study have following significance for clinical 

practice. Firstly, they suggest that the application of gut microbiome as the diagnostic marker 

makes sense in IBS patients with the concomitant mental disorders. Secondly, they posit that 

management strategies which involve the use of current agents which seek to alter the gut 

microbiota could be useful for enhancing GI and mental health. These gaps of knowledge are now 

enumerated: (3) Subsequent investigations must establish the roles of individual postbiotic agents 

of IBS, such as SCFAs and the neurotransmitters in the gut-brain axis to impact psychological 

well-being. Furthermore, randomized controlled trials comparing the clinical effects of 

microbiome-targeted drugs in IBS patients with anxiety and depression are also needed. 

Limitations 

This study has notable limitations. Its cross-sectional design prevents establishing a causal 

relationship between gut microbiome diversity and mental health outcomes. Additionally, the 

Hospital Anxiety and Depression Scale (HADS) may not fully capture the complexities of mental 

health symptoms in irritable bowel syndrome (IBS) patients. To validate these findings, larger 

longitudinal studies with more comprehensive assessments are necessary. 

 

CONCLUSION 

This study emphasizes the significant connection between gut microbiome diversity and mental 

health outcomes in patients with irritable bowel syndrome (IBS). The findings indicate that lower 

microbial diversity in the gut is linked to increased levels of anxiety and depression, supporting 

the role of the gut-brain axis in the pathophysiology of IBS. These results highlight the importance 

of considering gut microbiome composition in the clinical management of IBS and associated 

mental health disorders. Future research should focus on clarifying the causal pathways involved 

and investigating therapeutic interventions aimed at the gut microbiome to enhance mental health 

outcomes in this demographic. 

 

REFERENCES 

1. Carabotti M, Scirocco A, Maselli MA, Severi C. The gut-brain axis: interactions between 

enteric microbiota, central and enteric nervous systems. Ann Gastroenterol. 

2015;28(2):203–9. 

2. Cryan JF, Dinan TG. Mind-altering microorganisms: the impact of the gut microbiota on 

brain and behaviour. Nat Rev Neurosci. 2012;13(10):701–12. 

3. Ford AC, Lacy BE, Talley NJ. Irritable bowel syndrome. N Engl J Med. 

2017;376(26):2566–78. 



Hajira Arif/Afr.J.Bio.Sc. 6(11) (2024)                                                                                  Page 1935 

 
 

4. Jeffery IB, O'Toole PW, Öhman L, Claesson MJ, Deane J, Quigley EM, et al. An irritable 

bowel syndrome subtype defined by species-specific alterations in faecal microbiota. Gut. 

2012;61(7):997–1006. 

5. Clarke G, Stilling RM, Kennedy PJ, Stanton C, Cryan JF, Dinan TG. Minireview: Gut 

microbiota: the neglected endocrine organ. Mol Endocrinol. 2014;28(8):1221–38. 

6. Lovell RM, Ford AC. Global prevalence of and risk factors for irritable bowel syndrome: 

a meta-analysis. Clin Gastroenterol Hepatol. 2012;10(7):712–21.e4. 

7. Dinan TG, Cryan JF. The impact of gut microbiota on brain and behavior: implications 

for psychiatry. Curr Opin Clin Nutr Metab Care. 2015;18(6):552–8. 

8. Bercik P, Park AJ, Sinclair D, Khoshdel A, Lu J, Huang X, et al. The anxiolytic effect of 

Bifidobacterium longum NCC3001 involves vagal pathways for gut-brain 

communication. Neurogastroenterol Motil. 2011;23(12):1132–9. 

9. Barrett E, Ross RP, O'Toole PW, Fitzgerald GF, Stanton C. γ-Aminobutyric acid 

production by culturable bacteria from the human intestine. J Appl Microbiol. 

2012;113(2):411–7. 

10. Sudo N, Chida Y, Aiba Y, Sonoda J, Oyama N, Yu XN, et al. Postnatal microbial 

colonization programs the hypothalamic-pituitary-adrenal system for stress response in 

mice. J Physiol. 2004;558(Pt 1):263–75. 

11. Tap J, Derrien M, Törnblom H, Brazeilles R, Cools-Portier S, Dore J, et al. Identification 

of an intestinal microbiota signature associated with severity of irritable bowel syndrome. 

Gastroenterology. 2017;152(1):111–23.e8. 

12. Pinto-Sanchez MI, Hall GB, Ghajar K, Nardelli A, Bolino C, Lau JT, et al. Probiotic 

Bifidobacterium longum NCC3001 reduces depression scores in patients with irritable 

bowel syndrome: a randomized controlled trial. Gastroenterology. 2017;153(2):448–59. 

13. Lee C, Doo E, Choi JM, Jang SH, Ryu HS, Lee JY, et al. The increased level of 

depression and anxiety in irritable bowel syndrome patients compared with healthy 

controls: systematic review and meta-analysis. J Neurogastroenterol Motil. 

2017;23(3):349–62. 

14. Canavan C, West J, Card T. The economic impact of irritable bowel syndrome: a 

systematic review. Aliment Pharmacol Ther. 2014;40(9):1023–34. 

15. Fond G, Loundou A, Hamdani N, Boukouaci W, Dargel A, Oliveira J, et al. Anxiety and 

depression comorbidities in irritable bowel syndrome (IBS): a systematic review and 

meta-analysis. Eur Arch Psychiatry Clin Neurosci. 2014;264(8):651–60. 

16. Jones MP, Crowell MD, Olden KW, Creed F. Functional gastrointestinal disorders: an 

update for the psychiatrist. Psychosomatics. 2007;48(2):93–102. 

17. Black CJ, Ford AC. Global burden of irritable bowel syndrome: trends, predictions and 

risk factors. Nat Rev Gastroenterol Hepatol. 2020;17(8):473–86. 

18. Nishida K, Sawada D, Kawai T, Kuwano Y, Fujioka T, Rokutan K. Para-psychobiotic 

Lactobacillus gasseri CP2305 ameliorates stress-related symptoms and sleep quality. J 

Appl Microbiol. 2017;123(6):1561–70. 



Hajira Arif/Afr.J.Bio.Sc. 6(11) (2024)                                                                                  Page 1936 

 
 

19. Rajilić-Stojanović M, Biagi E, Heilig HG, Kajander K, Kekkonen RA, Tims S, et al. 

Global and deep molecular analysis of microbiota signatures in fecal samples from 

patients with irritable bowel syndrome. Gastroenterology. 2011;141(5):1792–801. 

20. Machiels K, Joossens M, Sabino J, De Preter V, Arijs I, Eeckhaut V, et al. A decrease of 

the butyrate-producing species Roseburia hominis and Faecalibacterium prausnitzii 

defines dysbiosis in patients with ulcerative colitis. Gut. 2014;63(8):1275–83. 

21. Yano JM, Yu K, Donaldson GP, Shastri GG, Ann P, Ma L, et al. Indigenous bacteria 

from the gut microbiota regulate host serotonin biosynthesis. Cell. 2015;161(2):264–76. 

22. O'Mahony SM, Clarke G, Borre YE, Dinan TG, Cryan JF. Serotonin, tryptophan 

metabolism and the brain-gut-microbiome axis. Behav Brain Res. 2015;277:32–48. 

23. Miller AH, Raison CL. The role of inflammation in depression: from evolutionary 

imperative to modern treatment target. Nat Rev Immunol. 2016;16(1):22–34. 

24. Mayer EA, Savidge T, Shulman RJ. Brain-gut microbiome interactions and functional 

bowel disorders. Gastroenterology. 2014;146(6):1500–12. 

25. Hanevik K, Dizdar V, Langeland N, Hausken T. Development of functional 

gastrointestinal disorders after Giardia lamblia infection. BMC Gastroenterol. 2009;9:27. 

26. Jiang H, Ling Z, Zhang Y, et al. Altered fecal microbiota composition in patients with 

major depressive disorder. Brain Behav Immun. 2015;48:186-194. 

27. Kelly JR, Borre Y, O'Brien C, et al. Transferring the blues: depression-associated gut 

microbiota induces neurobehavioural changes in the rat. J Psychiatr Res. 2016;82:109-118. 

28. Naseribafrouei A, Hestad K, Avershina E, et al. Correlation between the human fecal 

microbiota and depression. Neurogastroenterol Motil. 2014;26(8):1155-1162. 

29. Dalile B, Van Oudenhove L, Vervliet B, Verbeke K. The role of short-chain fatty acids in 

microbiota–gut–brain communication. Nat Rev Gastroenterol Hepatol. 2019;16(8):461-

478. 

30. Simrén M, Svedlund J, Posserud I, et al. Health-related quality of life in patients attending 

a gastroenterology outpatient clinic: functional and organic gastrointestinal disorders 

compared. Scand J Gastroenterol. 2006;41(2):200-209. 

 


