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Population health is profoundly shaped by socioeconomic status, and one of the most persistent 
drivers of inequality is limited access to nutritious food. This review explores how “food deserts” 
and food insecurity evolve into public health crises through biological as well as social pathways. 
The gut microbiome, an intricate ecosystem within the human digestive tract emerges as a key 
mediator of this process. Diets high in calories but poor in nutrients, often the only option for 
low-income families, disrupt microbial balance and lead to dysbiosis. We introduce the concept 
of the “sociobiome,” a term describing how social and economic disadvantage become biologically 
embedded through alterations in gut microbial ecology. This disrupted microbiome influences 
diverse health outcomes, including mental health challenges, infectious susceptibility, and chronic 
conditions such as obesity and infertility. Addressing the sociobiome requires a holistic approach 
that integrates biological science with social policy. By tackling both the social determinants of 
health and the biological consequences of inequality, we can begin to chart a pathway toward 
genuine health equity.
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Introduction
Health disparities are still one of the hardest problems in public health, 

falling most heavily on marginalized communities and keeping cycles of 
disadvantage alive across generations [1-5]. At the core of this issue is 
socioeconomic status (SES), a measure that reflects not only income but 
also access to resources, education, and social standing, all of which have a 
powerful influence on health [6]. Nowhere is this impact felt more directly 
than in the food environment. For individuals living in food deserts, areas 
starved of affordable, nutritious retailers, dietary choice is often a fiction. 
The predictable result is a reliance on calorie-dense, ultra-processed 
foods, with direct consequences for physiological health [7].

We are only beginning to uncover the biological machinery that 
translates social inequity into health outcomes. A central player is the 
gut microbiome—the vast community of microorganisms living in our 
digestive system [8]. The gut plays an important role here. It doesn’t work 
in isolation; instead, it is in constant conversation with the brain through 
the microbiome–gut–brain axis, a complex network of neural, hormonal, 
and immune signals [9]. This pathway essentially transmits the effects of 
poor diets and limited food access into the brain itself, helping to explain 
why SES-driven eating patterns are so strongly linked with higher risks of 
anxiety, depression, and cognitive decline.

This brings us to a critical conceptual pivot: the “sociobiome” [10]. 
This framework posits that the gut microbiome is more than a personal 
biological attribute; it is a communal reflection of socioeconomic context. 
Empirical evidence supports this, showing that residence in lower-SES 

neighborhoods correlates with a less diverse gut microbiome, a profile 
itself associated with persistent inflammation and higher chronic disease 
risk [11]. The main trigger for this microbial imbalance, or dysbiosis, is a 
diet dominated by processed foods and lacking in fiber—the very pattern 
enforced by food deserts. Layered on top of this is the chronic stress of 
food insecurity, which independently raises the risk of obesity, diabetes, 
and mental health conditions [12]. Together, they create a perfect storm 
that entrenches poor health.

Untangling this web is not just important—it is essential for designing 
solutions that can truly improve health and break cycles of inequality. We 
cannot hope to intervene successfully without simultaneously addressing 
the upstream policy failures that create food deserts and the downstream 
biological consequences that manifest in the human body. This review has 
four central aims: to delineate the pathways from SES to a dysbiotic gut; to 
explore the resulting physical and mental health repercussions through 
the gut-brain axis; to critically appraise current interventions for food 
deserts; and finally, to propose integrated, evidence-based strategies for 
fostering resilient and equitable communities.

Socioeconomic Status and Its Impact on Health 
Outcomes

Socioeconomic status (SES) is an index of a mix of income, education, 
employment security, and overall resource access, all of which profoundly 
influence global health outcomes [6]. These are the core of the general 
idea of the Social Determinants of Health (SDoH), which define the non-
medical conditions that determine individuals’ lives: where they are born, 
how they grow up, the environments in which they live and work, and the 
conditions in which they age.
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These determinants usually interact with systemic barriers—such as 
structural racism and the unequal distribution of power and resources—
to exacerbate health inequities, especially among marginalised groups, 
including racial and ethnic minorities (REM) [13]. Lower SES is closely 
associated with increased risks of chronic disease, reduced life expectancy, 
and reduced mental well-being. These are caused by several pathways, 
including restricted access to good-quality healthcare, continued exposure 
to environmental toxins, and—perhaps most importantly—limited access 
to healthy food [1].

To emphasize the major elements of SDoH and their wide-ranging 
implications, Table 1 identifies the principal determinants, their 
definitions, and their resultant health effects.

This table highlights the deeply interconnected nature of SDoH, where 
each factor can potentiate others.For instance, low income may reduce 
opportunities for education, subsequently limiting career opportunities 
and health insurance coverage, in a cascade of disadvantage that is 
expressed in worse health [6].  

There is mounting evidence that numerous chronic illnesses have 
overlapping pathogenic processes, including systemic low-grade 
inflammation, which is increasingly being associated with changes in 
gut microbiota composition and diversity [14]. Investigations have 
demonstrated that lower neighborhood SES, measured by composite 
indices of median household income, educational attainment, 
employment status, and home value, correlates significantly with reduced 
alpha-diversity in the colonic microbiota [11]. It is important to note that 
while area-level SES is a useful metric, it can sometimes mask individual-
level variation, a limitation that future research should seek to address. 
In a seminal study involving healthy adults in the greater Chicago region, 
neighborhood SES alone accounted for 12–18 percent of the variability in 
alpha-diversity of both colonic sigmoid mucosa and fecal microbiota, with 
higher SES being consistently linked to increased microbial diversity [11]. 
This association was particularly pronounced in measures of community 
evenness (the relative abundance of species) rather than simple richness 
(the number of species), suggesting that lower-SES environments may 
foster microbiomes with reduced ecological stability and resilience, 
thereby heightening susceptibility to pathological states [15]. 
Furthermore, individuals residing in higher-SES neighborhoods exhibited 
a greater abundance of Bacteroides and lower levels of Prevotella in 
mucosal biopsies, patterns historically tied to Western diets rich in animal 
proteins and fats versus agrarian diets high in complex carbohydrates, 
strongly implying that diet acts as a primary mediator between SES and 
the microbiome [16].

The pervasive influence of SES thus extends deep into human biology, 
effectively sculpting the gut ecosystem into what can be termed the 
“sociobiome”—a community of microbiota shaped not by genetics alone, 
but by the socioeconomic characteristics of their host’s environment 
[10]. This idea compellingly illustrates the way that economic limitations 
push dietary change in the direction of cheaper, ultra-processed, and low-
fiber options, having the direct effect of dysbiosis. For example, under 
economically disadvantaged conditions, economic restrictions and “food 
oppression” regularly limit exposure to a varied, nutrient-dense diet, 
creating microbiomes with reduced functional redundancy and robustness 
[17]. This biological fact not only magnifies bodily health risks but also 
intersects importantly with mental health by way of the microbiome-
gut-brain axis, by which microbial imbalances affect neuroinflammation, 

neurotransmitter synthesis, and eventually, mood and cognition [9].  The 
influence of SES operates through multiple, interacting layers. At the 
individual level, chronic stress of economic insecurity can raise cortisol 
levels, which is known to change gut permeability and microbial ecology 
[18]. At the community level, conditions such as inadequate sanitation 
infrastructure can heighten exposure to pathogens that disrupt the resident 
microbiota. At the policy level, corn and soybean subsidies provided to 
farmers over fruits and vegetables make the constituents of a dysbiotic diet 
artificially inexpensive [19]. Meeting SES-related health disparities thus 
necessitates a basic appreciation of these complex biological pathways, 
as interventions aimed at economic improvement and food access might 
indirectly—and profoundly—increase microbial health and community 
resilience. The interconnection between socioeconomic status and gut 
microbiota is given in figure 1.

Food Deserts: Definitions, Prevalence, and Consequences
Food deserts—geographic areas, often in urban or rural communities—

present significant challenges to accessing healthy, affordable food [7]. The 
United States Department of Agriculture (USDA) defines these areas as 
low-income regions where a substantial proportion of residents live more 
than one mile from a supermarket in urban settings or ten miles in rural 
ones [20]. These communities often face persistent socioeconomic hurdles, 
including vacant housing, limited household incomes, lower educational 
attainment, and elevated unemployment rates, frequently rooted in 
historical policies such as redlining that have left lasting economic scars. 
In the absence of full-service grocery stores, residents rely heavily on 
convenience stores, fast-food outlets, or liquor stores, which typically stock 
processed, high-sugar, high-fat foods rather than nutrient-rich options 
[18]. Compounding this issue is the concept of “food swamps,” where the 
limited availability of healthy foods is overshadowed by an abundance of 
unhealthy alternatives, making poor dietary choices the default [21].

Living in a food desert often leads to food insecurity, defined as the 
uncertain or limited access to nutritionally adequate and safe food, or the 
inability to obtain such food in socially acceptable ways [19]. This burden 
falls disproportionately on vulnerable populations, particularly those 
facing clinical or social challenges. For instance, a study in Washington, 
D.C., found that 68.9% of individuals receiving outpatient care for serious 
mental illnesses (SMI) reported food insecurity, far surpassing the national 
average of 13.7% at the time [3]. Notably, 50.0% of these individuals lived 
in food desert census tracts, a dual challenge that was strongly linked to 
higher body mass index (BMI) and obesity-related health issues [3]. The 
study, which surveyed 300 patients with psychotic or mood disorders 
across five public mental health agencies, revealed that 46.8% experienced 
very low food security, compared to local and national rates of 4.8% 
and 5.4%, respectively [3]. Critically, residence in a food desert was 
independently associated with severe obesity, underscoring the complex 
interplay between mental health, nutritional access, and physical health 
outcomes [3].

Food insecurity disproportionately affects racial and ethnic minorities 
and low-income communities, widening health disparities in profound 
ways. As the cost of fresh produce and lean proteins continues to climb, 
many residents in these areas turn to affordable, ultra-processed foods. 
This dietary pattern disrupts the gut microbiome—the diverse community 
of microorganisms critical for digestion, immune function, and even 
mental well-being [8, 9]. Diets high in processed foods lead to dysbiosis, a 
state of microbial imbalance that reduces microbial diversity and impairs 

Determinant Description Health Impact

Income Level of earnings and financial resources 
available to individuals or households

Influences access to nutritious food, safe housing, and healthcare; 
lower income correlates with higher rates of chronic diseases like 

obesity and diabetes

Education Level of educational attainment and access to 
learning opportunities

Affects health literacy, employment prospects, and behaviors; lower 
education linked to increased smoking, poor diet, and mental health 

issues

Employment Job security, working conditions, and 
unemployment rates

Unemployment or precarious work increases stress, leading to 
cardiovascular diseases and mental disorders; affects access to benefits 

like health insurance

Neighborhood Environment Quality of built environment, including access 
to green spaces and safety

Poor environments contribute to physical inactivity, exposure to 
pollutants, and higher injury rates; food deserts in low-SES areas 

exacerbate nutritional deficiencies

Access to Healthcare Availability and affordability of medical 
services

Barriers lead to delayed care, worsening of conditions, and higher 
mortality; REM groups often face discrimination and lower quality care

Social Support Networks of family, friends, and community Isolation increases risks of depression and dementia; strong support 
buffers against stress and promotes healthier behaviors

https://bostonsciencepublishing.us/journals/international-journal-of-family-medicine-and-public-health/IJFMPH
https://bostonsciencepublishing.us/journals/international-journal-of-family-medicine-and-public-health/IJFMPH


REVIEW ARTICLE - OPEN ACCESS

3

Anna H. Sandhu; Arun Radhakrishnan; Bob Harinder Sandhu(2025) The Sociobiom
e: How

 Socioeconom
ic Inequality and Food Deserts Shape the Gut–Brain Axis and Com

m
unity Health. Int J Fam

 M
ed Pub Health, 4(2);01-07.

Anna H. Sandhu, Arun Radhakrishnan, Bob Harinder Sandhu. / International Journal Of Family Medicine And Public Health

the production of short-chain fatty acids (SCFAs). These compounds are 
essential for maintaining gut integrity and regulating inflammation [2]. 
This dietary shift shapes what we term the “sociobiome,” where social 
and economic factors influence regional microbial profiles, contributing 
to geographic patterns of disease risk [10].

The consequences of food insecurity extend far beyond nutritional gaps. 
The persistent stress of uncertain food access activates the hypothalamic-
pituitary-adrenal (HPA) axis, elevating cortisol levels, which further 
disrupts the gut microbiome and drives systemic inflammation [22]. 
Additionally, processed diets often lack key micronutrients—such as 
omega-3 fatty acids, B vitamins, and zinc—that support neurotransmitter 
synthesis. This deficiency can exacerbate psychiatric symptoms, 
particularly in individuals with serious mental illnesses [20].

Qualitative studies highlight the lived experience: while convenience 
shapes food choices across income levels, food deserts amplify this 
challenge. Limited transportation, time constraints, and lack of nearby 
grocery stores push residents toward processed foods, with many 
reporting subsequent issues like cognitive fog, irritability, or low 
motivation [21]. Addressing this complex interplay of environmental, 
biological, and psychological factors requires systemic interventions. 
Subsidies for whole foods in corner stores and incentives to attract 
supermarkets to underserved areas offer promising strategies to disrupt 
this cycle and promote health equity.

Interventions to Address Food Deserts
Tackling food deserts demands more than quick fixes—it requires 

a strategic combination of policy reforms, economic support, and 
community engagement. Sustainable progress hinges on three essential 
elements: ensuring healthy foods are readily available, priced within 
reach, and actively promoted to encourage better choices [22]. This 
integrated strategy can transform food environments in underserved 
areas, offering a practical path toward health equity.

 Research Interventions: Availability and Price Manipulation

Studies have pinpointed two powerful tools for shifting food choices: 
product placement and pricing. In small settings like corner stores, simple 
ideas can make a big difference in what people buy. Clear labels on shelves 
and bright, noticeable signs can nudge customers toward healthier 
options—think fresh fruits over chips—and these tactics often work 
better than complicated discount schemes [23]. This matters a lot in low-
income neighborhoods, where corner stores are sometimes the only place 
to grab food. Some of these efforts have shown real promise, but there’s a 
catch. Store owners, often scraping by on tight budgets, get nervous about 
stocking fresh produce. Why? It might spoil before it sells, and they’re not 
sure people will buy it [24]. That money worry is a tough hurdle to getting 
these strategies to work in more places.

When it comes to motivating change, however, price may be the most 
powerful tool available. Economic evidence is unequivocal: reducing the 
cost of healthy foods drives their consumption. The landmark CHIPS study, 
for instance, found that discounting low-fat snacks in vending machines 
by 10-50% increased their sales by 9% to a staggering 93% [25]. The 
challenge lies not in the efficacy of price cuts, but in their implementation. 
Researchers often struggle to convince retailers to cede control over 
pricing. Creative solutions, such as providing direct financial incentives 
or technical assistance to store owners, are now emerging as a necessary 
step to bridge this gap between research and real-world practice [26].

Ultimately, these findings underscore that there is no one-size-fits-

all solution. Lasting success likely depends on combining these point-of-
purchase strategies with deeper structural changes—like redesigning store 
layouts to make produce visually appealing—backed by robust staff training 
and sustained community partnerships.

Case Studies in Retail Provision and Small-Store Engagement

Real-world case studies highlight both the promise and the complexities 
of retail interventions. The introduction of a large Tesco supermarket in a 
deprived area of Leeds, UK, was initially seen as a victory. It did succeed 
in drawing 45% of local residents, who reported eating more fruits and 
vegetables [27]. However, a closer look revealed unintended consequences, 
including resident anxiety about overspending and the potential erosion of 
existing local shops—a stark reminder that large-scale retail solutions can 
disrupt complex local economies [27].

In the United States, policy has been used proactively to incentivize change. 
Pennsylvania’s Fresh Food Financing Initiative (FFFI) stands as a pioneering 
example, leveraging public-private funds to spark the development of 58 
new food retail projects in underserved areas [28]. This model convincingly 
demonstrated that strategic financial incentives can attract supermarkets 
to “food deserts.”

Complementing these top-down approaches are grassroots efforts to 
transform existing small stores. New York City’s Healthy Bodega Initiative 
engaged over 1,000 corner stores, helping them stock and sell more low-fat 
milk and fresh produce [29]. Similarly, a Philadelphia program demonstrated 
that simply installing dedicated coolers for pre-packaged fruits and vegetables 
in corner stores could improve customer diets [30]. The common thread in 
these successes is not scale, but trust; they required building collaborative, 
culturally relevant relationships with store owners over time.

The Role of Farmers Markets and Alternative Networks

Farmers’ markets provide dual advantage: they increase access to fresh, 
nutritious foods while promoting stronger community connections. To 
ensure they serve all residents, many have innovatively partnered with 
federal nutrition programs. New York City’s “Health Bucks” initiative, which 
provides a $2 coupon for every $5 spent with SNAP benefits, effectively 
gives a 40% discount on produce. This not only increases purchasing 
power for low-income families but also creates a vital revenue stream for 
local farmers, establishing a virtuous economic cycle [31]. The success of 
revised WIC packages, which now include cash-value vouchers for fruits and 
vegetables, further confirms that making healthy foods affordable directly 
increases their consumption among vulnerable groups [32].

Critical Synthesis of Intervention Efficacy

A close look at efforts to address food deserts shows a mix of progress and 
pitfalls. Bringing in large supermarkets can make healthy food seem more 
accessible, but their impact on what people actually eat varies widely—and 
sometimes, they can squeeze out the small shops that hold a community 
together [27]. Smaller-scale efforts, like stocking corner stores with fresh 
produce, are often more in tune with local culture and quicker to implement, 
but they run into trouble scaling up, largely because fresh food spoils fast 
and store owners can’t always take the financial risk. One big misstep in 
many programs is assuming that just putting healthy food nearby will lead 
to better choices. But the truth is, people’s food preferences are influenced 
by a mix of their personal tastes, cultural backgrounds, and the marketing 
efforts of big food companies [33].

The best programs for tackling food deserts don’t just focus on one thing. 
They pull together practical ideas—like making sure fresh foods are easy 
to get and don’t break the bank—with steady efforts to show people why 

Figure 1: Conceptual framework linking socioeconomic status and gut microbiota.
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nutritional intake to well-documented health disparities. The following 
sections explore specific physical health conditions where this pathway is 

prominently involved. 

Infectious Inequity: Clostridioides difficile Infection (CDI)

Clostridioides difficile infection (CDI) presents a clear example of infectious 
disease inequity. Black and other minority communities often face unfair 
differences in how this infection hits them. Some studies suggest Blacks 
might get CDI less often, but when they do, things can get rough—higher 
chances of the infection coming back or even leading to death [35]. The big 
culprit behind CDI is a messed-up gut microbiome, usually from antibiotics 
wiping out the good bacteria and letting C. difficile take over [36]. When it 
comes to recurrent CDI, the trouble is a gut that just can’t bounce back after 
the infection, leaving people stuck in a tough cycle.

The social factors messing with gut health in Black, Brown, and low-
income communities are a tangled web. These groups often deal with 
higher rates of conditions like diabetes and obesity, which tie back to 
unhealthy eating habits and messed-up gut microbes [35]. They are also 
more likely to be hit with antibiotics—whether from frequent hospital 
stays, doctors over-prescribing, or living in packed, crowded places [35]. 
On top of that, the typical diet in low-income areas or food deserts—think 
processed snacks and not much fiber—doesn’t do the gut any favors. It 
leaves the microbiome too weak to fight off bad bugs like C. difficile or 
bounce back after antibiotics [35]. To fix this, future CDI treatment needs 
to look at these social pieces, pairing better food options with antibiotic 
therapy to level the playing field for everyone.

Female Fertility and Junk Food Consumption

The link between diet and female fertility provides another compelling 
example of how socioeconomic factors can translate into biological 
outcomes. High consumption of “junk foods”—energy-dense, nutrient-
poor items like fast food, sugar-sweetened beverages, and processed 
snacks—has been associated with several reproductive disorders, 
including polycystic ovary syndrome (PCOS), and with longer time-to-
pregnancy and infertility [37].

Eating a bunch of junk food—think fries, soda, and sugary snacks—really 
messes with women trying to get pregnant. All that grease and sugar can 
make it harder for your body to handle insulin and pile on extra pounds, 
which throws your hormones all out of sorts [37]. Plus, those foods rile up 
your system, making it tougher for eggs to be healthy or for the womb to 
be ready for a baby [37]. And the real part is a junky diet can throw your 
gut bacteria out of whack, letting bad stuff leak into your blood and spark 
trouble that hits your reproductive system hard [38]. If a mom-to-be’s gut 

healthy eating is worth it. It’s not enough to just stick some veggies on 
a shelf; you have to make them look tasty and simple to pick up. Take 
farmers’ market subsidies—they’re doing great things, but they need 
ongoing public cash to keep going. That just shows how much we need 
solid, long-term policy support to make these changes stick.

The Sociobiome: Socioeconomic Influences on the Gut 
Microbiome

The concept of the “sociobiome” provides a powerful lens through 
which to view the biological embodiment of SES [10]. It describes how 
social, economic, and political forces directly and indirectly shape the 
composition and function of the human gut microbiome [10]. The 
consumption of ultra-processed foods, driven by their low cost, high 
palatability, and long shelf life, presents a direct challenge to microbial 
health [2]. This is particularly critical during adolescence, a period of 
significant neurodevelopment and a time when individuals often gain 
more autonomy over their food choices, sometimes to the detriment of 
their microbiome diversity [33].

Public health experts often describe the challenges faced by communities 
of color and low-income groups as “food oppression,” where systemic 
obstacles make unhealthy foods the easiest choice [17].This isn’t about 
people messing up—it’s the fallout from old policies like redlining, which 
split up neighborhoods and starved them of resources, or farm subsidies 
that make junk food cheap and fresh stuff pricey. Parents in these areas 
see it clear as day: kids munching on processed snacks get cranky, short-
tempered, or just plain tired, but after a good, wholesome meal, they’re 
happier, more focused, and full of energy [21]. Science is starting to catch 
up, showing how what we eat messes with our mood through the gut-
brain connection.

To really shake things up with food inequities, we have to think big. 
Like discounts that make apples and whole grains cheaper than chips 
and pop, or rules that force food companies to ditch the bad stuff in 
their products and slap clearer labels on packages. Even better, imagine 
snacks redesigned to actually be good for you. This is super important 
for teenagers, whose brains and gut bugs are still figuring things out. 
Eating junk during those years can mess with their focus, mood, and even 
how they do in school for a long time [34]. Putting money into better 
food—what we’re calling the sociobiome—is like betting on a healthier, 
smarter future for communities that need it most. The factors such as diet, 
antibiotic exposure, environment, age, delivery mode, and early feeding 
collectively influence microbial ecology and health outcomes. This is 
expressed in figure 2.

The Gut Microbiome in Physical Health Disparities
Gut dysbiosis serves as a critical biological nexus, linking SDoH and 

Figure 2: Major determinants of gut microbiota composition and diversity. 
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is off during pregnancy, it can even affect her baby’s defenses and how 
they process food later on. Women scraping by in low-income areas or 
food deserts get hit hardest—they’re stuck grabbing fast food because it’s 
cheap and close. In fact, chowing down on fast food four or more times a 
week can make infertility twice as likely compared to people who skip it 
[39]. That’s a big red flag. We need to get serious about teaching women 
about good food before they try for a baby and push campaigns that make 
healthy eating a real option, especially for those who need it most.

The Microbiome-Gut-Brain Axis and Mental Health 
Implications

The microbiome-gut-brain axis represents a complex, bidirectional 
communication system that integrates neural pathways (e.g., the vagus 
nerve), hormonal pathways (e.g., the hypothalamic-pituitary-adrenal 
[HPA] axis), and immune pathways (e.g., cytokine signaling) [9]. This axis 
is now recognized as a key player in mental health, providing a biological 
substrate through which socioeconomic adversity and poor diet can 
influence psychological well-being. 

Mental Health, Resilience, and Wisdom

A lot of health studies zoom in on what’s wrong, but some people are 
now poking around at how good traits—like being wise, kind, or tough 
when life gets hard—might actually help your body. These things don’t 
just make you feel good; they seem to keep you healthier too. A few 
new studies say wisdom, kindness, and hanging out with friends could 
be linked to a gut packed with all sorts of helpful bacteria [40]. People 
who aren’t lonely and have these positive vibes tend to have a livelier gut 
microbiome. Here, we are just seeing early clues, not the full picture. We 
still have to figure it out if feeling good helps your gut or if a healthy gut 
puts you in a better mood.

The hypothesized mechanisms are that a healthy, diverse microbiome 
facilitates the synthesis of important neuroactive molecules, such as 
serotonin (95% of which is synthesized in the gut), gamma-aminobutyric 
acid (GABA), and short-chain fatty acids such as butyrate, which are 
anti-inflammatory and neuroprotective [40]. These molecules have the 
potential to modulate brain structure and function, increasing emotional 
regulation and stress hardiness. This provides a hypothesis that a 
person’s microbiome contributes towards the shaping of the “social brain” 
and a new therapeutic prospect that using “psychobiotics” (probiotic 
or prebiotic entities with mental health promotion) might help sustain 
psychological health and protect against loneliness- and stress-induced 
detrimental effects, which are so common at low-SES [41].

A Novel Hypothesis: The Microbiome and Sudden Infant 
Death Syndrome (SIDS)

The gut-brain connection could help us better understand devastating 
conditions like Sudden Infant Death Syndrome (SIDS). The widely 
accepted “triple-risk model” suggests SIDS happens when three factors 
come together: an infant who’s particularly vulnerable, a critical growth 
period around 2 to 4 months, and an outside stress, like sleeping on their 
stomach [42]. There’s a new angle worth considering: the gut microbiome 
might influence how vulnerable an infant is, especially in the brainstem, 

which controls breathing and the ability to recover from low oxygen [43]. 
This idea is still in its early stages, but it points to the possibility that gut 
health could play a role in SIDS, opening doors to new ways of studying 
and preventing it.

The proposed mechanism follows this: A dysbiotic infant microbiome, 
which could be a consequence of factors like formula-feeding (in 
comparison with breastfeeding), antibiotic exposure, or a mother with a 
low-fiber diet, generates a disrupted neuroactive metabolite signature. 
Dysbiosis compromises the formation of robust serotonin-mediated 
pathways at the brainstem, which are critical for the coordination of 
the reflex of autoresuscitation during apneic spells [43]. Low-SES infant 
fatalities for SIDS have demonstrated altered serotonin brainstem levels, 
which provides support for such a correlation [43]. This is particularly 
valid for low-SES homes, for which rates of breastfeeding are weaker and 
environmental risk factors are high. Protective factors, like breastfeeding, 
create a healthy infant microbiome enriched for bifidobacteria, which 
generate brain- and immune-protective metabolites [43]. Therefore, 
the promotion of maternal and infant microbiome health through 
individualized support, like promotion of breastfeeding or investigation on 
probiotic supplementation, could be a future direction for risk reduction 
of SIDS.

Conclusion and Future Directions
The evidence, overwhelmingly, points towards a population’s 

socioeconomic determinants and resultant food environment having 
profound, quantifiable impacts on a population’s health, which are 
mediated, at a large scale, through gut microbiome structure and 
function. The gross dichotomy between healthy communities and poor 
communities is not a commentary on individual morality or choice, but 
a measure of societal failure, which requires a multidimensional, large-
scale intervention strategy. The conceptual framework of the “sociobiome” 
presents a compelling, holistic framework for explaining how policy ends 
up being biology.

Policy and Public Health Recommendations

Effective and equitable solutions must work in synergy across individual, 
community and policy levels.There must be fiscal policy reform preceding the 
rest. Sugar-sweetened beverages (SSBs) must be taxed, with the revenue raised 
being used for subsidization or direct out-of-pocket budget top-ups for fruits 
and vegetables for poor households. The proof of success for such specific 
public-private investments such as the FFFI case study from Pennsylvania 
must be replicated on a national level and up-scaled [28].

Second, community-based programs need to be scaled up. Initiatives 
such as the NYC Healthy Bodega Initiative should be scaled up, and rural-
urban small farmers markets serving low-income communities should 
be vigorously supported through easy links to SNAP/WIC programs and 
EBT availability [29, 31]. In addition, urban planning and zoning need to 
actively invest in infrastructure, increasing availability of cheap fresh food 
items and controlling fast-food shop and liquor shop density in high-risk 
communities.

Third, coverage expansion should be complemented with people 

Figure 3: Illustrative Diagram of the Microbiome-Gut-Brain Axis.

https://bostonsciencepublishing.us/journals/international-journal-of-family-medicine-and-public-health/IJFMPH
https://bostonsciencepublishing.us/journals/international-journal-of-family-medicine-and-public-health/IJFMPH


REVIEW ARTICLE - OPEN ACCESS

6

Anna H. Sandhu; Arun Radhakrishnan; Bob Harinder Sandhu(2025) The Sociobiom
e: How

 Socioeconom
ic Inequality and Food Deserts Shape the Gut–Brain Axis and Com

m
unity Health. Int J Fam

 M
ed Pub Health, 4(2);01-07.

Anna H. Sandhu, Arun Radhakrishnan, Bob Harinder Sandhu. / International Journal Of Family Medicine And Public Health
empowerment through holistic nutrition education and behavioral 
change interventions. Community mass public health programs, as well 
as clinical counseling, should encourage hands-on skills such as budget 
meal preparation, along with evidence-based nutrition education. 
For conditions closely linked to diet, interventions should combine 
psychological support with dietary measures to address underlying 
emotional eating habits.

Finally, given the alarming prevalence of food insecurity and residence 
in food deserts among individuals with serious mental illnesses, the 
mental health service system must radically increase its attention to 
these SDoH [3]. Screening for food insecurity should be routine in mental 
health clinics, and partnerships with food assistance programs should be 
a standard component of patient care.

Research Imperatives

Even with the general contours of this problem sketched out, there 
remain gaps in our understanding that must be filled. The field must shift 
on a dime from documenting correlations to determining causation. The 
brightest path forward involves mounting ambitious longitudinal birth 
cohorts, designed from the outset to trace the “sociobiome” from perinatal 
onset onward. Through repeated sampling of microbiome, painstaking 
dietary histories, and geocoded socioeconomic data, it is finally possible 
to chart how such factors dynamically interact over a lifetime to create 
health trajectories.

Furthermore, the clear association between SES and microbial profile 
necessitates a turn towards specific intervention. We must invest in 
the development of dietary strategies that are not merely nutritionally 
effective, but culturally appropriate, accessible, and desirable to 
communities of lower income—because an intervention that won’t or 
can’t be implemented is a failure. This science must focus on children 
and adolescents, whose early microbiomes represent a window of highest 
opportunity. Concurrently, public health programs must also reaffirm and 
promote afresh the tremendous value of the initiation of full breastfeeding, 
particularly across low-SES households, as a first approach towards 
inoculating a healthy infant microbiome.

Efforts at equity have to go beyond the general public to the world of clinical 
trials, as well. That race, ethnic, and low-SES communities are significantly 
underrepresented in trials of microbiome-targeted therapy is unacceptable. 
Diverse recruitment is not box-ticking, but a scientific and ethical imperative 
for the purposes of ensuring that new therapy is effective for all, rather than 
perpetuating the very health disparities that such therapy aims to decrease.

Finally, the microbial inequalities we observe across susceptible 
groups are not a biological fluke, but a physiological signature of societal 
abandonment. Seeing the gut microbiome as a dynamic interface 
between our social and biological lives gives us a compelling new agent of 
change. By intervening at this “sociobiome,” we need not perpetuate the 
intergenerational transmission of deprivation. This is not just a scientific 
problem, but a moral imperative for a world in which health is not fate, 
dictated by zip code or income, but a universal right for every child at 
birth.
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