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I. Rationale and Background 
 The deterioration of gastrointestinal (GI) health is a common physiological effect of 
aging that often impacts day-to-day health, and ultimately, may decrease longevity. We 
hypothesize that age-related decline of GI health is driven, in part, by transitions in the 
composition and function of the microbiome that result from common changes in diet and 
lifestyle.  

A. Deterioration of Gastrointestinal Function 
 As people age, a myriad of complications can emerge from the breakdown in GI function 
spanning the entire length of GI tract, from the mouth through the lower bowel. Production of 
saliva is reduced in the mouth1,2, impeding crucial initial steps of the digestive process. Other 
changes in the oral cavity such as the loss of smell and taste, and difficulty in chewing or 
swallowing in older individuals can lead to an inability to maintain a nutritionally balanced 
diet3,4. Digestive enzyme (pepsin, lipase, protease, amylase, etc.) production is also diminished in 
the mouth, stomach, and the small and large intestines5,6. Slower metabolism combined with the 
reduction of physical activity and water consumption can lead to drier and larger stools that are 
difficult to pass. Additionally, about one-half of older adults will develop diverticulosis7, a 
condition characterized by the development of small pouches in the lining of the colon that can 
cause constipation and discomfort and increase susceptibility to infection. Finally, medications 
often prescribed to elderly patients for heart disease, arthritis, and pain relief (aspirin and other 
non-steroidal anti-inflammatory drugs, or NSAIDs) can upset the stomach and cause bleeding 
and constipation8. 
  
B. The Role of the Aging Microbiome 
 There is a growing belief that age-related dysbiosis of the GI microbiome may play an 
important role in the decline in digestive health. In addition, several studies have also revealed 
that distinct changes in the proportional distribution of commensal bacteria may be associated 
with the development of specific conditions and diseases common to the elderly. For example, 
commensal oral bacteria have been linked to cardiovascular disease9 and rheumatoid arthritis10. 
Aging also appears to be associated with increased proliferation of anaerobes in the mouth that, 
in turn, leads to a chronic TNFα response from the oral epithelium that recent studies suggest 
may influence the development of Alzheimer’s disease11. 
 Not surprisingly, alterations in dietary intake appear to be a major influence on the 
composition of bacteria that inhabit the aging GI tract. Events such as relocating to community 
housing or long-term care facilities can result in drastic changes in diet that typically include 
consumption of more fat and less fruit, vegetables, and fiber. Recent studies suggest that this type 
of dietary alteration is associated with a decrease in microbial diversity in the gut and increased 
frailty4. While these early studies have highlighted some of the fundamental questions 
surrounding the impact of aging on the GI microbiome, more research is clearly needed. Collated 
data from multiple, large-scale longitudinal investigations will be required to fully document and 
understand the character of the microbiome changes associated with aging and more accurately 
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define their roles in health, gastrointestinal atrophy, and the development of many common age-
related diseases. 

II. Proposed Project 
 We propose to collaborate with uBiome to implement a large-scale (at least 20 
participants) crowd-sourced citizen science project aimed at characterizing the changes that 
occur in the oral and intestinal microbiome that result from aging and alterations in lifestyle, diet, 
and medicine intake common to elderly individuals. Saliva samples will be utilized to 
characterize the oral microbiome and fecal samples to characterize the intestinal microbiome. To 
account for the inherent day-to-day diversity of the oral and gut microbiome in each individual, 
we propose, as an initial study, to analyze 12 saliva and 12 fecal samples from each participant, 
collected three times per week over a period of 4 weeks (480 total samples).  
 To provide adequate information for analyzing the mechanisms of change in the 
microbiome, we will also collect detailed information on diet, physical activity, water and 
alcohol consumption, and medicine intake during the period of sample collection. The data will 
be analyzed to define consensus commensal bacterial profiles associated with aging populations, 
and to identify statistically significant correlations between age and composition of the oral and 
fecal microbiome, overall health, diet, physical activity, water and alcohol consumption, and 
intake of medicines. 

Outcomes and Potential Implications 
 This collaborative project would lead to the publication of articles in peer-reviewed 
scientific journals and provide critical preliminary data for collaborative, multidisciplinary grant 
applications to the National Institutes of Health and other funding institutions. Importantly, the 
study would contribute to a growing national and international database on the effects of aging 
on gut microbiota. In addition, the project will result in increased knowledge of the participants 
of their own distinct microbial “signature”, a better understanding of how it relates to others in 
their demographic, and appropriate information to develop and implement personalized, practical 
long-term strategies to maintain a healthy GI microbiome as they age. 
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