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INTRODUCTION

Mild cognitive impairment (MCI)  is an intermediate state between normal 
aging and dementia. Prevalence of MCI in older adults is approximately 20%. 
The diagnostic criteria include a change in cognition, abnormal cognitive 
function, normal daily activity, and absence of dementia. 
Late life depression (LLD)  affects 32% of MCI patients. Those with 
comorbid MCI and depression have greater cognitive impairment, lower 
quality of life, greater amyloid-β burden and higher rate of progression to 
Alzheimer’s disease .
Gut microbiome plays an important role in cognitive abilities and overall 
wellbeing. In this project, we  explored:
      1) Individual variation in microbiome diversity as it relates to
           depression symptom severity and known microbiome covariates.
      2) Similarity of gut microbiome communities between those with
           versus without a diagnosis of depression.
      3) Associations between depression symptom severity and microbial 
           synthesis potential.
This area of research may open new therapeutic options, which is of critical 
importance given the low rates of response and high rates of relapse in LLD.  

Figure 1.   Comorbid mild cognitive 
impairment and  depression increase the 
risk of progression to dementia. These 
symptoms place a substantial burden on 
the impacted individuals and their 
families, healthcare systems, and 
society. 
The main goal of this study is to 
examine associations between the 
microbiome, cognitive impairment, and 
mental illness in participants with MCI 
and varying levels of depression .

METHODS

This study included 202 participants with MCI and varying levels of 
depression symptoms(125 participants had a diagnosis of depression). 
Mean age was 72 years, and 70.6% of the sample was female. Clinical and 
cognitive scales included Montgomery-Asberg Depression Rating Scale 
(MADRS), Mini-Mental State Exam (MMSE), Mini Nutritional Assessment 
(MNA). Additionally, all participants provided a stool sample.  

Figure 2. 
Metataxonomic 
workflow. Fresh 
samples are used 
for DNA extraction. 
The DNA is 
amplified and 
sequenced, 
followed by 
bioinformatic 
preprocessing 
which creates an 
amplicon 
sequence variant 
(ASV) table. This 
allows for diversity, 
microbial 
community and 
functinal analysis.

RESULTS

Figure 3. Drinking behavior significantly impacts alpha diversity across depression 
symptom severity as measured by the Montgomery-Asberg Depression Rating Scale, 
F(5,195) = 5.65, p < 0.001, R² = 0.13. Drinking behavior was the only significant covariate 
when examining the effects of depression severity and factors which are known to impact 
the microbiome composition, including age, biological sex, education, current 
antidepressant treatment, BMI, smoking behavior, testing site, sleep, exercise, nutrition, 
anxiety, and cognition. Alpha diversity was measured by the Simpson Diversity Index, a 
measure of gut microbiome diversity and it is based on the number of present species 
(richness) and the relative abundance on each species (evenness).

Figure 4. Significant beta diversity differences between those with and without depression, 
F-value: 2.03; R-squared: 0.01; p-value < 0.05. Beta diversity was computed on the Bray 
Curtis Index matrix using principal coordinate analysis (PCoA). Statistical significance was 
assessed using permutational multivariate analysis of variance (PERMANOVA). This result 
suggests significant differences in the composition of gut microbiome communities 
between participants with MCI versus those with MCI and depression. 

RESULTS

Table 1. Depression scores change significantly in relation to changes in multiple Gut Brain 
Modules (GBMs), including glutamate and truptophan synthesis (FDR corrected p-values < 0.1). 
Amplicon Sequence Variant (ASV) table was used to predict gene content per ASV, determine 
gene family abundance per sample, and predict sample pathway abundances. Resulting Kyoto 
Encyclopedia of Genes and Genomes (KEGG) orthologs (KOs) were used as an input for GBM 
database; an analytical framework which enables targeted profiling and interpretaton of 
microbiome data in the context of microbiome-gut-brain communication. We performed a 
targeted analysis on 19 GBMs covering metabolites previously associated with depression. 
Finally, we ran a regression between depression symptoms and each neuroactive compound 
associated with depression.

DISCUSSION AND FUTURE DIRECTIONS

• In older adults with mild cognitive 
impairment, presence of depression 
and severity of depression 
symptoms are associated with 
structural and functional changes in 
the gut microbiota. 
• Extending previous findings, we 
demonstrate that alcohol 
consumption has a significant effect 
on gut microbiome diversity.
• We establish novel associations 
between the microbiota, cognitive 
impairment, and mental illness in 
participants with Mild Cognitive 
Impairment with varying levels of 
depression.
• This project is the critical first step 
towards novel, non-invasive 
treatments that will effectively 
alleviate symptoms of late life 
depression and decrease rates of 
dementia.

Figure 5. The current project is part of a 
larger project which will integrate state-of-the-
art neuroimaging, metataxonomics, and 
computational modelling to delineate the 
relationship between gut microbial 
metabolism with neural circuit and behavioral 
changes in mild cognitive impairment and 
late life depression. 


