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Abstract

With technological advancements in the medical field, new discoveries have been unfolded about the human
microbiota. A tremendous amount of work has been studied within the last two decades. Some of the human microbiota
sites include nonsterile areas such as mouth, skin, gut, nose, and vagina. Additionally, there are bacterial cells in areas
that were considered sterile such as lungs and placenta before delivery. Out of all the sites, the gut houses the most with
an amount of 100 trillion bacteria (Guinane, 2013). Environmental implications have been known to impact these new
areas of medicine. There has been a growing interest by the social epidemiologists on how health inequalities impact

the role of human gut microbiota.
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Introduction

With technological advancements in the medical field, new discoveries
have been unfolded about the human microbiota. A tremendous amount
of work has been studied within the last two decades. Some of the human
microbiota sites include nonsterile areas such as mouth, skin, gut, nose,
and vagina. Additionally, there are bacterial cells in areas that were
considered sterile such as lungs and placenta before delivery. Out of all
the sites, the gut houses the most with an amount of 100 trillion bacteria
(Guinane, 2013). Environmental implications have been known to impact
these new areas of medicine. There has been a growing interest by the
social epidemiologists on how health inequalities impact the role of
human gut microbiota.

The gut microbiome has been linked to multiple behavioral health
conditions, including depression, PTSD, anxiety, and bipolar disorder.
Like other health conditions, a broader social environment shapes the
microbiome over the life course. The gut microbiome is influenced by
social disparities. Research shows that environmental factors have a
greater impact on gut microbiota compared to genetics. There has been a
significant resemblance in the composition of the microbiomes of
genetically unrelated individuals who live together (Rothschild, 2018).

In this article, authors aimed to explore how early development in life,
socioeconomic inequalities, social stressors, and health behaviors can
impact the human intestinal microbiome. This review attempts to
highlight the scope and mechanism of these influences and how the social
environment can influence the human gut microbiota.

There is a growing awareness and interest that gut microbiota can play a
crucial role in maintaining homeostasis in health and contribute to the
pathogenesis of variety of diseases including disorders of CNS. Several
studies have shown role of gut microbiota to influence gut-brain
communication in health and disease (Dinan, 2013, Stantan 2017).
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Understanding gut-brain axis

The gut- brain axis is a bidirectional communication system through
which the brain modulates/ regulates GI function. In this process several
neural, endocrine, and immunological mechanisms play important/
essential role. The intestinal microbiota impacts the Gl physiology,
including the development and function of enteric nervous system- Also
known as second brain- It controls the Gl function independently. The
enteric system of Gl is composed of myenteric and submucosal plexus.
Interestingly, recent research findings suggest a potential link of these
structures in neurodegenerative disorders- For instance characteristic
lewy bodies, pathological hallmarks of Parkinson’s disease, were found
in intestinal biopsies of patients with Parkinson’s disease (Lebouvier
2009).

There is increasing evidence that the immune system, inflammation and
mucosal barrier function are involved in the pathogenesis of some
psychiatric diseases. For instance-in depression, “leaky gut” has been
suggested to play a significant pathogenic role- This assumption was
based on findings of prevalence and median values for serum IgM and
IgA against lipopolysaccharide of enterobacteria in patients with MDD
then in normal volunteers (Maes M. Kubera 2008). This study suggested
that patient with MDD should be checked for leaky gut by means of IgM
and IgA panels and should be treated for leaky gut accordingly.

Effect of gut microbiota on the CNS.

e Gut microbiome is an integral part of Gut-Brain axis. The
interaction between gut microbiome, gut permeability and
CNS is BIDIRECTIONAL. (Yarandi 2016)
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® Presence of healthy and diverse gut microbiota is important to
normal cognitive and emotional processing. Chronic stress can
change composition of gut microbiome.

® Alteration in composition of gut microbiome DUE TO STRESS
can lead to increased intestinal permeability--- lead to
translocation of gut microbiota and metabolic product such as
lipopolysaccharides through the intestinal barrier.

® Exposure of epithelial cells or mucosal immune cell to bacteria

or metabolic products leads to activation of immune response
and release of pro-inflammatory CYTOKINES
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® Subsequently neuroactive compound gain access to the CNS
that regulates cognition and emotional responses.
® Stress can lead to activation of the hypothamus -pitutary axis

and excessive release of corticotropin-releasing factor (CRH).
This hormone along with altered vagal activity can cause local
activation of mast cells in the intestinal wall and release of
CYTOKINES, causing increased gut permeability.
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Figure 1: A schematic representation of the effects of chronic stress and depression on brain-gut axis activity. The bi-directional communication
allows signals from the brain corticolimbic structures to alter gastrointestinal function. The HPA axis and immune system are key regulators of this

axis

Gut Microbiota and Depression

According to research on animal model- Depression changes the
composition of gut microbiota (Park AJ Collins 2013). These data have
not been validated in patient with depression. Recent study
(Naseribafrouei 2014) examined the composition of fecal microbiota in
46 patients with depression and 30 healthy controls. This study reported
significant differences with increased population of Bacteriodetes,
Proteobacteria, Antinibacteria and decreased population of Frimicutes in
patients with depression. Other evidence that might suggest role of gut
microbiota in the pathogensis of depression is from studies that have
shown certain probiotics can alleviate depressive symptoms in rodent
models (Park AJ Collins 2013).

According to Dinan 2013 study- A variety of strategies have been used to
study the impact of the microbiota on brain function and these include
antibiotic use, probiotic treatments, fecal microbiota transplantation,
gastrointestinal infection studies, and germ-free studies. All these
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approaches provide evidence to support the view that the microbiota can
influence brain chemistry and consequently behavior (Dinan 2013).

Additionally, research from animal demonstrate that there is a distinct
perturbation of the composition of gut microbiota in animal models of
depression and chronic stress. This has direct implications for the
development of psychobiotic-based therapeutic strategies for psychiatric
disorders. Moreover, given that affective co-morbidities, such as major
depression and anxiety states, are common in patients presenting with
irritable bowel syndrome (IBS), it may have implications for functional
bowel disorders as well.

Role of psychobiotic/ probiotics:

Normal gut microbiota is essential in preventing colonization of the
harmful bacteria. In the absence of normal flora (antibiotic therapy)-
pathogenic organisms produce toxins and colonize the gut epithelium (C.
Difficile). Probiotic treatment-reduces gut permeability, enhance mucus
production, improve physical barrier protecting the epithelial layer
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(Yarandi 2016) Treatment of rats with probiotics containing B. infantis
can reduce the mood disturbance and correct the concentration on norepi
(NE) in the brain (Desbonnet L, 2010). In a model of depression post Ml,
treatment with probiotics reduce the depression, presumably by reducing
the pro-inflammatory cytokines and gut permeability (Arseneault-Breard
2012)

Previous research defines a psychobiotic as a live organism that, when
ingested in adequate amounts, produces a health benefit in patients
suffering from psychiatric illness. As a class of probiotic, these bacteria
can produce and delivering neuroactive substances such as gamma-
aminobutyric acid (GABA) and serotonin, which act on the brain-gut axis
(Dinen 2013). Preclinical evaluation in rodents suggests that certain
psychobiotics possess antidepressant or anxiolytic activity. Effects may
be mediated via the vagus nerve, spinal cord, or neuroendocrine systems
(Dinen 2017).

To date, psychobiotics have been most extensively studied in a liaison
psychiatric setting in patients with irritable bowel syndrome, where
positive benefits have been reported for several organisms including
Bifidobacterium infantis. Evidence is emerging of benefits in alleviating
symptoms of depression. Such benefits may be related to the anti-
inflammatory actions of certain psychobiotics and a capacity to reduce
hypothalamic-pituitary-adrenal axis activity. Results from large scale
placebo-controlled studies are awaited.

In one UK study, 13,000 male and female twins within the age group of
18 and 103 studied sociodemographic and health variables that were
matched with microbiota from a previous sample study. This was
analyzed using 16 S sequence. Socioeconomic status was measured using
the Index of Multiple Deprivation 2015 which encompassed income,
employment, education, skills and training, health deprivation and
disability, crime, barriers to housing and services, and living environment
deprivation based on the postcode. These measures were taken from the
Scottish and English/Welsh datasets from the Scottish Government and
Public Health England. The microbiota composition was measured in
relation to alpha diversity, beta diversity, and differential operational
taxonomic units (Bowyer, 2019).

Early Development

From early on in development, the various components of social
determinants of health can affect the individuals’ gut microbiome. The
first few years of life play a critical role in the development of a child.
These early stages of gut microbiota can have a significant impact later in
life. One of many factors where gut microbiota difference can be
explained is starting with the mode of delivery of a fetus. In the United
States, there has been a rise in C-section deliveries from 21% in 1997 to
33% in 2011 (Witt, 2015). A study observed that C-section infants had a
reduced number of bacteria and decreased resemblance to their mothers
in comparison to infants born vaginally (Roswell, 2015). Additionally,
breast-fed infants had high-quality gut microbiota such as B. longum
compared to formula-fed infants which had poor types of bacteria such as
C. difficile (Dowd, 2018).

Furthermore, the transition from breastmilk to solid foods diversifies the
microbiome. Compared to healthy children, those who were
malnourished showed delayed microbiome. Psychological stressors early
in life can impact the gut microbiota. Infant monkeys separated from their
mothers created physiological stress that showed a great reduction in the
number of Lactobacilli from the stool (Galley, 2014). Early healthcare
experiences can also contribute to the gut microbiota. For instance,
inappropriate use of antibiotics given to children in the first few years of
life have shown unstable microbiome compared to healthy counterpart
(Knight, 2017). Children commonly get viral infections early in life, and
it is detrimental to the child’s gut when treated with antibiotics. In the
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USA, non-Hispanic Caucasian children seem to receive more antibiotics
for a viral infection compared to other races (Goyal, 2017). Contrastingly,
African American children were less likely to receive antibiotics for their
bacterial infection (Gerber, 2013). This shows the discrepancy of how
privileged groups were able to fulfill their needs, whereas minority groups
had difficulty accessing the medical care that they needed. Therefore,
several environmental factors early in life such as mode of delivery,
feeding methods, psychological stress, and inappropriate use of
antibiotics can shape the gut microbiome.

Effects of the Socioeconomic Inequalities on Mental
Health

Although there are studies that have heavily investigated the relationship
between socioeconomic inequality and mortality from various health
conditions, there is a limitation on the understanding of the biological
mechanism. To explain the biological side, some studies have shown that
there is a relationship between neighborhood socioeconomic status with
the alpha diversity of the gut microbiota (Miller, 2016). Alpha diversity
provides the quality of richness in the microbiota of an individual.
Therefore, lower socioeconomic status has been associated with reduced
alpha diversity of the gut microbiota. Specifically, those with lower
incomes showed a reduction in alpha diversity. When there is a reduced
amount of alpha diversity, it is common to see a negative effect on health
status (Bowyer, 2019).

Furthermore, the reduced alpha diversity of the microbiota has been found
to contribute to psychiatric disorders. For instance, a study transplanted
the microbiota of individuals with major depressive disorder into germ-
free mice that resulted in these mice to encounter depression-like
symptoms. This study explained that the depression microbiota showed
disturbances in microbiota genes and metabolites associated with
carbohydrate and amino acid metabolism (Zheng, 2016). Other studies
have shown reduced alpha diversity with ADHD, autism, and anxiety
disorders. Therefore, studies have identified that probiotic treatment can
have possible antidepressant properties to help those with depression-like
behaviors and other mental health-related conditions.

Social stressors

More recently, there has been some study where stressors and other
factors can directly influence the gut microbiota. Some studies have
shown that gut microbiota has an involvement in the way the brain
function through the ‘microbiota-gut-brain axis’. This terminology
defines the bidirectional communication network as discussed above that
involves the gut functions with several factors from the central nervous
system, autonomic nervous system, enteric nervous system, and the
hypothalamic-pituitary-adrenal axis (Carabotti, 2015). This regulation
can explain how the decrease in diversity of the gut microbiota can impact
the brain’s serotonergic and neuroendocrine systems. For instance,
norepinephrine contributes to the stimulation of the growth in E. coli of
the intestinal tract during a traumatic event (Freestone, 2002). In mice,
consistent exposure to social stressors resulted in changes to the
microbiota immune system where infection became more likely along
with inflammatory mediators (Bailey, 2014).

There is evidence that suggests immunological implications are
associated with the pathophysiology of psychiatric disorders. One study
examined that the intestinal mucosal dysfunction (leaky gut) can be
associated with major depressive disorder due to an inflammatory
response (Maes, 2008). In humans, there was a greater alpha diversity in
the gut microbiota of 73 soldiers before and after stress-inducing military
environment. This study showed over 50% abundance in 16 S taxa
classified from stool samples (Karl, 2017).

In another study with 23 college students, there was a reduction in the
number of Lactobacilli when students experienced a high level of stress
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for multiple days during final exams (Knowles, 2007). Although there are
limited studies involving humans, these studies show how social
implications have a tremendous factor in the gut microbiota. It will be
interesting to see how sensitive the gut microbiota can be with daily
stressors. The ones mentioned are more stressful events in a limited
amount of time, but another area to consider is to see how those types of
stressors impact the gut microbiota for a longer time frame.

Behavioral Health Changes

Behavioral health differences can influence the changes between
socioeconomic factors and gut microbiota. For instance, diet, smoking,
and pharmacological agents can all play into the connections between the
gut microbiota and social status.

Diet

As in the early stages of life with feeding practices, the foods that we
consume as adults have great effects on the makeup of our gut
microbiome. Implementing changes to the diet show the alterations of the
microbiota composition within 24 hours and in longer-term (Wu, 2011).
Diets with high in animal fat and protein have shown to reduce A.
muciniphila and Lactobacillus which have been noted to be associated
with healthy metabolic states. These changes have been linked with
inflammation, decrease insulin sensitivity, and an increase in LDL
cholesterol. On the other hand, diets rich in non-digestible carbohydrates
such as fiber and resistant starch have been shown to consistently increase
intestinal Bifidobacteria and Lactobacilli which showed a reduction in
pro-inflammatory cytokine IL-6, insulin resistance, LDL-cholesterol and
hemoglobin Alc (Singh, 2017). The socioeconomic factors within race
and ethnicity provide information that there are differences with diet.
There have been findings that non-Hispanic African American adults
consume less dietary fiber compared to other races and ethnic groups.
Furthermore, lower-income families who are living at less than 131% of
poverty have been associated with lower dietary fiber consumption
(Storey, 2014).

Smoking

In both, animal and human studies have shown that tobacco alters the
composition of the microbiome. In mice studies, smoking changes the gut
microbiota shown to create an inflammatory microenvironment in the
intestines. This inflammatory condition has been supported through
several studies showing that smoking increases Clostridium, Bacteroides
and Prevotella, and decreases Bifidobacteria and Lactobacilli.
Additionally, changes in the intestinal microbiome from smoking showed
similar conditions in inflammatory bowel disease and obesity (Savin,
2018). In human studies, there may be a promising indication that
smoking alterations of the oral microbiome could be reversible
considering that former smokers and never smokers did not differ in their
microbiome composition (Wu, 2016).

Pharmacological Agents

The topic of social factors to prescription medication in relation to
alteration of gut microbiota is still limited in evidence. Mentioned in the
early development, the inappropriate use of antibiotics is detrimental to
the gut microbiota in adults as well which can cause short-term and long-
term effects. Antibiotic use decreases the diversity and changes the
composition of the gut microbiota which increases the risk of disease,
secondary infections, allergies, and obesity (Becattini, 2016). Besides
antibiotics, other medications such as antipsychotics, opioids, metformin,
statins, proton pump inhibitors, nonsteroidal anti-inflammatory drugs can
all contribute to the alterations of the gut microbiome. Antipsychotic and
proton pump inhibitors have been noted to decrease the alpha diversity in
the gut microbiota, and contrastingly, opioids showed an increase in alpha
diversity (Bastard, 2017). Opioids have been shown to be prescribed more
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frequently in emergency departments for Caucasians and those with
higher socioeconomic status. African American and Hispanic patients
were noted to receive fewer opioids for equivalent levels of pain
compared to Caucasians (Joynt, 2013). For the others, there is not enough
data to conclude how social variation influence the use of these
medications.

Discussions

With more research in the human microbiome, studies have been able to
see associations between the intestinal microbiome and the social
determinants of health. Various exposures early in life, socioeconomic
inequalities related to mental health, social stressors, and health behaviors
are some of the factors that influence the gut microbiota. Common
findings among several studies showed that a decrease in Lactobacilli can
increase inflammations and can lead to risk factors for different types of
diseases. Other common findings presented with those in the lower-
income population had reduced diversity in their gut microbiome. There
are many layers that may explain this phenomenon for the underserved
community, where lack of access to produce and medical care can
contribute to the reduction of certain healthy bacteria.

Since various exposures can alter the intestinal composition of the
microbiota, health conditions could be better understood by getting a fecal
sample on disorders with limited information. For example, knowing how
social variations impact the gut microbiota in relation to behavioral
disorders can better provide clinicians with treatment plans tailored to
their patient’s needs. Since various environmental changes influence the
gut microbiota, it will be interesting to see in future studies how reversible
gut microbiota composition can possibly improve the quality of the
patient’s health.

Areas of improvement in studies between gut microbiota and social
determinants of health include conducting more human models research.
Most of the literature linking the social environment and the microbiome
comes from animal models. These models usually focus on the impact of
social interactions and psychosocial stress. Other important factors in
humans may include the importance of early life exposures to stress,
vulnerability and health behaviors.

Another area for exploration includes the implementation of probiotics
and how much this can change the gut microbiome. Some studies have
been able to observe the antidepressant properties in probiotics, but more
research could be conducted to better support this information. This can
be a promising treatment for those who cannot have access to affordable
prescription medications when going through treatment resistant mental
disorders.

Lastly, there is a cyclic pattern that can be identified where social
variation influences gut microbiota which can lead to various risk factors.
Social epidemiologists can continue to explore more studies pertaining to
the connection between gut microbiome and social determinants of health
to help clinicians better understand some of the health conditions,
especially in behavioral disorders. Overall, this can provide
improvements in diagnosis and treatment options for the patients.

Summary

Ultimately, what is at stake here is that several social conditions can affect
the gut microbiome by both the upstream and downstream mechanisms.
As population-level microbiome data becomes increasingly available, we
hope that multi-level determinants of the gut microbiome will become
clearer. There is a greater need to further elucidate the mechanisms by
which microbiome may link the social environment and health.

Acknowledgement: The authors like to thank Vinod Kumar,
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