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Abstract

Evidence-based practice guides the care nurses provide. With their commitment to a holistic
approach to understanding an individual’s health status, should evoke many concerns with patients’
accumulation of risks. Factors, such as low socioeconomic status (SES), are associated with higher
rates of stress, inflammation, and chronic disease. As we begin to look further into preventing and
treating chronic disease, we aim to identify an upstream biomarker of inflammation. Through a
literature review, the relationship between low SES and stress as increasing one’s risk for chronic
disease was established with a strong connection. Additionally, the adipokines, leptin and
adiponectin, and their ratio, which are upstream biomarkers are influential in downstream
inflammatory actions. Using a lifecourse theory approach, we identify interventions at multiple
interpersonal and structural levels to mitigate the disparities associated with SES. Assuming that this
is an appropriate tool to be used for research and policy, it could be useful in both the clinical as well
as government settings for systemic improvement using an evidence-based approach. Additional
research is needed to fully gain understanding about the inflammation pathway of leptin and
adiponectin. This is discussed in our paper further so targeted interventions can begin to be
formulated for use in clinical practice and public policy.
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1. Introduction

Sustained systemic inflammation exists within many chronic diseases, including diabetes (DM)
[1], cancer (CA) [2], obesity [2], cardiovascular disease (CVD) [3], hypertension (HTN) [1], and
chronic venous leg ulcers (CVLUs) [4]. There is also substantial evidence linking low socioeconomic
status (SES) with higher rates of inflammation [5] and chronic disease [6]. Preventing and treating
chronic diseases relies on the identification of early-stage inflammatory biomarkers [7]. The novel
inflammatory adipokine biomarkers, leptin, and adiponectin, regulate many bodily functions
including inflammation [8].

Lifecourse theory proposes that not one event or factor affects disease states, but many events
and many factors, over time, contribute to an ‘allostatic load’, or chronic exposure to elevated or
fluctuating endocrine hormone or neural responses, that an individual experiences as stressful,
resulting in an increase of disease processes [9]. Numerous factors with behavioral, biological,
psychological, and environmental origins cause inflammation. Factors of each type (i.e., behavioral,
biological, etc.) interact with factors of other types. For instance, a person with low SES may eat an
unhealthy diet due to an inability to access healthy food sources. This diet may lead to obesity,
abnormal gut microbiota, and exposure to food-related toxins. A lower SES may also cause increased
stress exposure. Additionally, persons with lower SES tend to live in communities with higher
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pollution than other communities [10]. Each of these exposures influence the person’s biological
physiology, and an ‘accumulation of risks’ occurs [9]. Presently, it is unknown through which
pathway(s) underlying mechanisms influence leptin and adiponectin. Therefore, the study of low
SES risk accumulation to identify disease processes/mechanisms and treatments, therapies,
preventions, and community advancements is critical to reduce these risks.

This paper will discuss the association between low SES and factors contributing to chronic
inflammation. Additionally, we propose a model that links low SES to chronic disease, mediated by
inflammation; describe the use of leptin and adiponectin as both early and chronic inflammatory
biomarkers; and identify multi-level interventions to alleviate health disparities related to SES.

2. Review of the Literature

2.1. Aging

With recent advances in science and medicine, people live longer now than ever before. Diseases
eradicated by vaccinations, such as measles and mumps, no longer threaten the lives of those infected.
Resources sent to developing countries increase the life expectancy of citizens in those countries. In
2019, 1 in 11 people in the world were 65 or older, by 2050 this number will increase to 1 in 6 people
being 65 or older [11]. Specifically in the United States from 1945 to 1965 there was a significant
increase in births, now known as the Baby Boom. Since then, at every great milestone, this generation
of Baby Boomers requires an expansion of resources to meet increased needs. Baby Boomers make
up the largest subpopulation in the United States. In fact, by 2050, nearly 88 million people (more
than twice the population of California) will be over the age of 65 [12], attributed in large part to Baby
Boomers. Thus, the combination of aging Baby Boomers and increased life expectancy due to
advances in technology and medicine creates an enormous population at risk for chronic diseases.

2.2. Chronic Diseases in Aging

According to the Centers for Disease Control and Prevention’s (CDC) National Center for
Chronic Disease Prevention and Health Promotion (NCCDPHP), chronic diseases such as DM, CA
and CVD are the primary cause of death and disability in the United States [13]. Moreover, it is
estimated that 95% of Medicare costs are allocated for the treatment of chronic illnesses and 90% of
the nation’s $4.1 trillion in annual health care expenses are for people with chronic and mental health
disorders [13]. Given the significant health and economic costs associated with chronic diseases,
prevention or managing symptoms more effectively may help reduce these costs.

Unremittent low-grade systemic inflammation, known as inflammaging, is involved in the
pathobiology of many chronic diseases more common to older adults, such as CVD, DM, HTN,
Alzheimer’s disease, and CVLU’s [14]. As such, low-risk interventions targeting factors that
contribute to chronic systemic inflammation may help prevent many chronic diseases. The study of
interventions targeting inflammation can lead to interventions that assuage symptoms and costs
associated with chronic disease.

2.3. Inflammation

When an individual is exposed to trauma or illness, acute inflammation employs adaptation and
necessary biological processes to return to a state of health. Increased blood flow, increased capillary
permeability, released inflammatory mediators, and migration of leukocytes to cells involved in
inflammation cause fatigue, muscle aches, fevers, redness, swelling and a general feeling of being
markedly “‘unwell’ [15]. Typically, acute inflammation resolves, and the cells and body return to a
state of homeostasis.

The accumulation of exposures to inflammatory agents, such as toxins and stress, over a lifespan
influence chronic inflammation or disease [16]. These exposures can either recur as in many separate
events over time, such as long-term smoking, or occur constantly without break, such as
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environmental toxins (i.e.,, smog) [7]. The lack of resolution of inflammatory processes results in
further involvement of other cells, organs, and systems throughout the body, allowing chronic
inflammation to become widespread [17]. Thus, chronic inflammation leads to systemic
inflammation. In systemic inflammation, unlike acute inflammation, persons may experience no
symptoms [18]. Despite this, the bodies of those experiencing systemic inflammation endure
ramifications of inflammation processes such as tissue degeneration and other biological damage that
occurs [18].

For example, over the last 20 years, researchers have demonstrated that inflammation plays a
significant role in the development of CVD. Inflammation causes pathophysiologic changes in the
peripheral vasculature and heart. Inflammatory markers form adhesion molecules binding to
endothelial cells which leads to the formation of atherosclerotic plaques and encourages
macrophages to line the artery intima (layer of artery under endothelium) causing increased vascular
hypertrophy, vasoconstriction, and HTN [19]. Long-term effects of these processes cause stress on
the heart and blood vessels, resulting in chronic disease. Therefore, by reducing inflammation and
associated processes improved cardiovascular outcomes will result [20].

Inflammation also plays a role in CA development, treatment, and treatment response [21].
Thirty-five percent of CAs can be linked to diet, 30% to tobacco usage or inhaled carcinogens, and
20% to chronic infection or inflammation, and 90% to environment or acquired genomic variations
[15] and it is estimated that more than 42% of all CAs in the U.S. are preventable [22]. Indeed,
inflammation induces tumor development in several ways [23]. Several ways inflammation enhances
CA development and progression is through chronic inflammation, infections, or autoimmunity
[21,24-29]. These pathways increase genetic mutations, genomic instability, tumor promotion, and
angiogenesis [25,30-32]. Once a tumor begins to develop, tumor-associated-inflammation boosts CA
progression through the inability of the body to naturally kill CA cells, stimulating tumor growth;
increases genomic instability, immunosuppression, and metastasis [33-36].

Additionally, the association of inflammation to diabetes has been well established. An
individual’s biological, psychological, environmental, and behavioral factors influence adiposity and
thus, insulin resistance, glucose sensitivity, and pancreatic islet malfunction [37]. This results in
muscle cells unable to effectively metabolize systemic glucose, which has been increased by the liver.
This results in hyperglycemia and a diagnosis of DM. Hence, treating inflammation may result in
improved glucose uptake and insulin sensitivity [7,37].

2.4. Inflammatory Markers

Historically the primitive understood purposes and functions of adipose tissue were that it
served to store energy, cushion vital organs, and provide insulation for the body’s means of
thermoregulation. However, it is now known that adipose tissues functions as an endocrine organ
and produces adipokines. Individuals who are overweight or obese produce adipokines in
discordance compared to normal weight individuals [38]. Adipose tissue also increases adipokine
production during the aging process, thus creating an accumulation of risk over time in those who
are overweight [38]. Also, those from a low SES have a greater risk of obesity, thus, higher risk for
overproduction of adipokines [39,40].

Leptin and adiponectin are two adipokines of interest to researchers, due to their location being
further upstream than currently used biomarkers. Leptin is an important biomarker of inflammation
and an indicator of total body fat status. It is a key regulator of appetite, metabolism, and bone mass
[41]. Obesity leads to increased production of leptin and inflammation at many levels. In adolescents,
overweight or obese individuals have significantly higher (nearly 5-fold) leptin levels than their
normal weight counterparts [42]. Leptin levels of overweight/obese individuals remain higher in
young adulthood [43], and in older adults compared to normal weight counterparts [44]. Leptin
increases oxidative stress, inflammation, apoptosis, atherosclerosis and left ventricular hypertrophy
[45], all of which have significant health implications. Overweight individuals exposed to chronically
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increased levels of leptin may develop leptin resistance [8,46]. The effect of leptin resistance on
chronic inflammation is not fully understood currently.

Although released by adipose tissue, adiponectin is not directly influenced by body fat
percentage [47]. Low levels of adiponectin lead to proinflammatory responses and increased levels
are associated with anti-inflammatory responses indicating adiponectin could be a valuable anti-
inflammatory biomarker [48]. Beneficial anti-inflammatory effects of adiponectin include decreased
inflammation, apoptosis, oxidative stress, and increased vasodilation [48]. Importantly, adiponectin
is significantly positively associated with SES [49]. In those from low SES adiponectin levels are lower
than other SES groups. It is believed that effects of adiponectin are associated with increased glucose
transport and fatty acid oxidation [46]. Leptin and adiponectin both have several other important
roles in humans. Despite this, leptin and adiponectin are ideal candidates to use for inflammatory
biomarkers due to their location in the inflammatory cascade being earlier than other biomarkers,
and their closer correlations to inflammation effects than other markers [50,51].

Currently, c-reactive protein (CRP) is most often used as an acute phase inflammatory
biomarker. CRP is used most regularly as the predictor of chronic disease [52]. However, leptin
induces CRP production [41,53-56]. Therefore, leptin, not CRP, should be considered as an early-
stage inflammatory biomarker for clinical and research purposes in chronic disease treatment and
prevention. It is also understood that adiponectin levels may affect the production of CRP. When
adiponectin levels are low, as often seen in people with obesity, DM, and CVD, the proinflammatory
effect of CRP can be amplified [57-59]. This correlation makes no exclusion about whether
adiponectin could possibly have a role in the regulation of CRP production. Thus, leading researchers
to believe adiponectin may serve as a better inflammatory biomarker to quantify over CRP.

The leptin-to-adiponectin ratio (LAR, calculated as (Leptin ng/mL)/(Adiponectin mcg/mL) )
could be more accurate in determining total inflammatory status than leptin or adiponectin alone.
Additionally, since leptin and adiponectin have more upstream marker performance than CRP,
identifying inflammation prior to tissue and organ damage is more likely. This potentially could lead
to LAR being used in the clinical setting to establish interventions in preventing disease.

2.5. Low Socioeconomic Status

In 2018, the U.S. Census Bureau recorded that 38.1 million people, 11.8% of the total US
population, lived below the poverty level [60]. Poverty disproportionately affected women as
compared to men, as well as Black and Hispanic/Latino people were disproportionately affected
compared to white and non-Hispanic/non-Latino people [60]. The understanding is that, in the
United States, many factors of an individual’s overall status of health are heavily influenced by their
SES. One factor that can be most largely affected is a person’s environment.

The differences between environments for SES groups account for some, but certainly not all, of
the differences in health outcomes [61]. These differences occur on multiple nested levels, meaning
each level is nested within a larger level (e.g., neighborhood, city, county, state, nation). These
differences should be considered when applying health interventions. SES inequalities continue, at
all levels, despite moderate attempts in policy to correct them [62]. Increased violence, pollution, and
unreliable social capital are environmental factors that are more likely to occur in low SES
communities [5,10]. Increased family conflicts plague low SES families due to financial hardships and
complicated routines that include competing demands, (e.g., one parent home where the parent
works two or three part-time jobs to make ends meet, or a two-parent home where there is only one
vehicle for transportation) [63—65]. All the above-described issues, that persons in low SESs face,
increase the likelihood of abnormally high inflammation due to stress in the body though the exact
mechanism is yet to be determined.

Individuals from the lowest SES, incomes lower than 100% of poverty level, experience the worst
health outcomes, including lower life expectancy, more limitations of physical activity, and higher
incidence of DM, obesity, and CVD [66,67]. Defining and measuring SES is challenging. Proxy
measures for SES include income, education, and occupation [68]. However, these indicators do not
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measure the same SES phenomena or etiology [68,69], and should not be used interchangeably.
Taking all three indicators into consideration may better elucidate associations between SES,
inflammation, and chronic disease. Although exact sensitivity and specificity measures have yet to
be determined, recent studies show a strong relationship between SES and chronic inflammation
[3,5,70,71]. Furthermore, it has yet to be determined if blood-based inflammation biomarkers can
distinguish changes enhanced by interventions targeting SES.

3. Proposed Framework and Pathway

The proposed framework and pathway are based on the lifecourse theory of increased
inflammation leading to chronic diseases in persons from low SES. Increased risk of chronic disease
in persons from low SES backgrounds is believed to be due to increased exposure to inflammatory
factors compared to other groups. Most factors that influence inflammatory pathways fall into one of
four categories, psychological, behavioral, biological, and environmental. Thus, we propose the
model shown in Figure 1.

Figure 1. The proposed pathway of socioeconomic status to chronic disease, through inflammation. The figure
above shows the hypothesized interactions between a low socioeconomic status (SES), a variety of factors, the
adipokines leptin, adiponectin, and their ratio, chronic inflammation, and chronic disease. Being from a high

SES does not exclude one from having chronic inflammation and chronic disease, however, those in lower
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SESs have higher rates of chronic inflammation and chronic disease risk. Due to the inability to determine

exact mechanisms, we must acknowledge that other unknown factors are likely involved in this pathway.

3.1. SES, Psychological Factors, and LAR

Psychological factors, such as stress, emotional state, personality, and affect are exposures that
influence disease [72]. Each of these factors may be different in a low SES group. For example, rates
(prevalence) of depression in individuals with low SES are higher, as are negative emotions such as
anger and rage [72]. These negative emotions cause mental stress and fatigue which leads to feelings
of social defeat and isolation [72], resulting in long-term or chronic stress responses [73]. As
previously demonstrated, chronic stress leads to inflammation thus reflected in fluctuations of the
LAR.

3.2. SES, Behavioral Factors, and LAR

The health behaviors of people greatly affect their health outcomes. Persons from low SES are
less likely to eat a nutritious diet and participate in physical activity [61], which may be in part due
to lower health literacy and health care access. Indeed, individuals from low SES are more likely to
engage in risky health related behaviors with higher incidences of smoking, [74], alcohol or illegal
drugs [75,76], and safety behaviors (e.g., sunscreen usage) [61]. Each risky behavior increases the
likelihood of chronic inflammation and in-turn risks of chronic disease.

3.3. SES, Biological Factors, and LAR

Biological factors, including genetic factors altered by low SES, occur throughout the lifespan,
resulting from and to more inflammation [61]. In fact, SES in early life predicts monocyte aging [77],
produces over-expression of genes that activate pro-inflammatory pathways [3], increases stress
signaling [78], and influences DNA methylation of inflammatory genes later in life [79]. As
inflammation increases with age, inflammaging is present, there is an increase in risk of chronic
disease diagnoses in older adults.

3.4. SES, Environmental Factors, and LAR

Low SES persons often live in socioeconomically disadvantaged communities due to the lack of
affordable housing in more advantaged areas. Low-income housing communities are often in areas
with higher incidence of environmental pollution from industry and increased traffic [80-83], and
lack of access to a guaranteed or safe water connection [84]. Older homes and buildings, in low SES
neighborhoods contain higher levels of hazardous materials such as asbestos and lead paint [5]. Poor
neighborhoods are also characterized by violence, social and physical disorder — which can contribute
to stress and maladaptive coping behaviors such as substance use. Additionally, poor neighborhoods
have less green space and walkable areas to promote physical activity. Violence, too, can lead to
people staying indoors and lack of physical activity due to fears for safety. A lack of influential
residents in the community may result in less effort from public officials to make appropriate changes
to these areas.

3.5. SES, LAR, Chronic Inflammation, and Risk of Chronic Disease

Mechanisms of the link between SES and health are complex. However, many factors that
contribute to adverse health outcomes are inflammatory in nature. For example, although obesity is
a direct result of low SES, and inflammatory markers increase with obesity, the inflammation
resulting from low SES cannot be accounted for by obesity alone [3]. Differences in SES environments,
or other factors, may account for differences in health outcomes between SES groups.

3.6. Nested Model of Interventions
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Having low SES increases an individual’s risk for chronic disease. Appropriate interventions at
multiple levels of society are critically needed to identify the most reliable actions for low SES persons
to reduce potential disease burden. Since CVD has continued to be the leading cause of death for
more than 80 years prior to COVID-19, and we have been focusing on individual interventions for
most of that time, it is time to consider additional interventions on a larger scale. Both state and
national policymakers have the responsibility to decrease disparities in health. Many studies have
shown that education, income, discrimination, and pollution are related to health disparities [63—-
65,85-90]. For example, policies can be changed to increase the minimum wage, decrease
discrimination, provide environmental protection, and provide affordable higher education. At a
local community level, interventions could include stress reduction programs, programs to
disseminate knowledge, low/no-cost anti-inflammatory food sources, and activities to harness a
sense of community. At all three of these levels of government, priority must be given to dealing with
buildings that are toxic and to providing healthy affordable alternatives to current living
arrangements. (See Figure 2 for a visualization of the nested model.)

National
Environmental Protection
Increase Minimum Wage

Decrease Race Disparities

Affordable Higher Education

Public Policy Changes

State
Environmental Protection
Increase Minimum Wage

Decrease Race Disparities

Affordable Higher Education

Local
Decrease Crime
Stress Relief Programs
Low/No Cost Anti-Inflammatory Foods
Activities to Harness Sense of Community

Individual
Diet/Nutrition
Dietary Supplementation
Exercise
Meditation

Figure 2. The nested model of interventions to improve socioeconomic health disparities. This figure does not
represent an exhaustive list of all possible interventions at each level but indicates that several interventions can
be implemented across several levels at the same time (e.g., environmental protection, while other interventions

are specific to level listed (e.g., stress relief).

Moreover, interventions at the individual level remain critically important. Providing
information on proper nutrition, dietary supplementation, exercise, meditation, and other anti-
inflammatory treatments must continue. However, we will be unable to completely disrupt the link

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.


https://doi.org/10.20944/preprints202507.1002.v1
http://creativecommons.org/licenses/by/4.0/

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 11 July 2025 d0i:10.20944/preprints202507.1002.v1

8 of 14

between low SES and chronic disease without knowledge, integration, and intervention at the other
societal levels of risk. A multi-level approach to disease processes and prevention in future research
is essential to meet these needs. Nurses are in a unique position to facilitate interventions at many if
not all societal levels. Nurses can participate in research, education, and policy to enhance knowledge
and dissemination. Also, nurses can use this information to better assist their patients in practice.

4. Discussion

As was illustrated in the previous paragraphs, the relationships between chronic disease,
inflammation, and stress are close, just as the relationship between low SES and stress is.
Additionally, with continued investigations the LAR is hoped to be proven a reliable tool of
measurement in weighing one’s risk for chronic disease. Applying this metric to people of low SES
may be useful in quantifying our understanding as to how much one’s risk for chronic disease
increases because of the stresses implicated by low SES. Should this tool prove to be both valid and
reliable, research and policy practices could be better informed as to how we handle chronic disease
prevention and treatment in both the clinical setting as well as government run public health funding,
policies, and initiatives.

Even as more attention is drawn to inflammation, gaps remain. First, there is a lack of
prospective longitudinal data. Results from longitudinal studies could identify biomarkers and
interventions effective in preventing chronic disease through the SES/inflammation pathway
presented here. Second, the complexity and interaction of different biomarker pathways of chronic
disease processes are unclear. Many chronic diseases have similar and interacting pathways. Future
studies can evaluate interventions across multiple disease processes regarding the common pathway
of inflammation. Third, there are two models, the cumulative and critical period models, frequently
used in life-course literature; neither has been determined to be the best fit in all cases. Combining
aspects of both models in creating a new more comprehensive model is needed. Fourth, although
leptin resistance has been identified and interventions have been developed to address it, the process
of leptin resistance is not fully understood. Without this piece of the puzzle, it will be difficult to
determine exactly what level of leptin is considered a safe level for overall health and wellbeing. Fifth,
a more robust validation of biomarkers, leptin, and adiponectin, is needed to understand their roles
as risk factors for chronic disease. Including populations from prenatal to the extreme elderly is
important in determining the life course of inflammation. Sixth, the role of biological processes in
mediating SES links to health need full evaluation. Finally, there is a need for broad interventions at
the societal level to reduce health disparities associated with SES. In fact, multi-level interventions
may be the most effective way to decrease disparities between groups. The text continues here.

5. Conclusion

This paper has proposed a pathway that links low SES to inflammation and chronic disease,
discussed interventions, and identified gaps in the research and potential interventions. Additional
research on relationships between inflammation, multiple disease states, and SES is needed.
Understanding how to intervene with low SES exposures to decrease inflammation and, therefore,
disease risk is imperative to remove the health disparities in SES.
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The following abbreviations are used in this manuscript:

DM Diabetes Mellitus

CA Cancer

CDC Centers for Disease Control and Prevention
CRP C-Reactive Protein

CVD Cardiovascular Disease

CVLU Chronic Venous Leg Ulcer

HTN Hypertension

LAR Leptin-to-Adiponectin Ratio

NCCDPHHP National Center for Chronic Disease Prevention and Health Promotion
SES Socioeconomic Status
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