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Abstract: Cardiovascular disease (CVD) continues to be the most common cause of death in the United States of America. This 

problem disproportionately affects underserved populations. In these populations, diabetes mellitus, hypertension, and food insecurity 

are highly prevalent and tend to co-occur. This may lead to a potential interaction effect on CVD outcomes. This narrative review 

synthesizes epidemiological, biological, behavioral, and policy-based evidence on the interaction of these conditions on CVD 

outcomes in underserved American populations. Diabetes mellitus and hypertension are known to co-occur through common 

pathophysiological pathways. In contrast, food insecurity may co-occur with diabetes mellitus and hypertension through factors such 

as dietary habits, chronic psychosocial stress, disease self-management, and healthcare access. Nationally representative surveys and 

studies have shown that food insecurity correlates with poor management of cardiometabolic conditions, increased rates of 

cardiovascular disease, particularly among individuals with diabetes mellitus and hypertension. Though interaction studies are scarce, 

existing evidence supports a syndemic effect of these conditions on CVD outcomes in underserved American populations. Integrated 

prevention strategies addressing both cardiometabolic conditions and food insecurity are essential to reducing persistent 

cardiovascular disparities. 
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INTRODUCTION 
Cardiovascular disease (CVD) remains the leading 

cause of death in the United States, contributing to 

substantial mortality and health system costs each 

year (Martin et al., 2022; Virani et al., 2020). 

Although CVD affects every population group, its 

burden is not evenly shared. The existing 

socioeconomic, racial or ethnic, and geographic 

disparities in CVD occurrence and death are well 

reported, with underserved communities showing 

disproportionate CVD rates and deaths due to the 

socioeconomic, chronic stress exposures, and 

structural barriers to prevention and care 

(Havranek et al., 2015; Schultz et al., 2018).  

accessing healthcare, nutritious food and 

preventive services due to low income, racial and 

ethnic marginalization (Morelli, 2017). Such 

inequalities are especially apparent in Black, 

Hispanic, and Native American groups and are 

associated with accumulating disadvantage but not 

biological distinctions (Javed et al., 2022; Velarde 

et al., 2023). The current levels of cardiovascular 

mortality and its persistent impact on the 

population health are also demonstrated by recent 

national surveillance (Murphy et al., 2024). 
 

In underserved American communities, the 

overlap of diabetes mellitus, hypertension and food 

insecurity is a very consequential risk factor of 

cardiovascular disease. A large percentage of adult 

populations in the United States have diabetes, and 

it is more prevalent among low-income and 

underserved groups (Hassan et al., 2023). 

Hypertension has major disparities and is more 

prevalent, with Black adults being at a 

disproportionate risk (Tsao et al., 2023). Food 

insecurity, which is defined by the U.S. 

Department of Agriculture (USDA) as uneven 

access to sufficient food to lead an active and 

healthy life owing to limited resources, is 

experienced by millions of U.S. households and 

occurs disproportionately among low-income 

households and most racial and ethnic minorities 

(Rabbitt et al., 2023). Notably, food insecurity is 

not merely food deprivation. It tends to be an 

indicator of poor financial condition, quality of 

accommodation or healthcare, and limited options 

to follow long-lasting treatment plans (Berkowitz 

et al., 2013; Seligman et al., 2010). In practice, 

these exposures are often co-occurring, which 

makes it possible that the joint effect of the risk 

factors on the risk of heart disease may be larger 

than would be approximated by treating each risk 

factor separately. 
 

In the past, most cardiovascular prevention 

systems and risk prediction models have focused 

on single clinical risk factors, namely, blood 

pressure, glycemia, lipids, and smoking, and 

placed less emphasis on social risks that influence 

exposure, disease control, and access to effective 

care (Havranek et al., 2015). This is important 

since social adversity could change the baseline 

risk and effectiveness of standard interventions. As 

an illustration, popular risk instruments fail to 
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include food insecurity or other indicators of 

material hardship, and risk prediction will hence 

become less precise in low-income and 

underserved groups (Havranek et al., 2015; 

Schultz et al., 2018). There, the intersection 

between social factors, diabetes and hypertension 

is not just an issue but rather one that has a direct 

impact on prevention strategy. The key research 

question that will drive this narrative review is 

whether diabetes, hypertension, and food 

insecurity have a synergistic effect on the 

occurrence of cardiovascular diseases among 

underserved communities in the United States. 

Synergy is defined as interaction in which the 

combined effect of co-occurring exposures is 

greater than their distinct individual effect. 

Additive interaction is informative because it 

quantifies excess risk attributable to joint exposure 

and helps to identify subgroups that may benefit 

from vigorous prevention strategies 

(VanderWeele, 2013).  
 

There are several evidence gaps that drive this 

review. It remains debatable whether food 

insecurity is an independent cardiovascular factor, 

or if it reflects underlying poverty. Income and 

education have a correlation with food insecurity, 

yet other effects might be mediated by the stress 

factors, the quality of diet, and underutilization of 

medication (Berkowitz et al., 2013; Seligman et 

al., 2010). There is also some evidence that 

indicators of food insecurity are related to 

incidents of coronary heart disease and heart 

failure outcomes following socioeconomic 

indicators and conventional factors, which leads to 

a perspective that food insecurity might be an 

additional factor beyond income itself (Liu & 

Eicher-Miller, 2021). Cross-sectional studies 

always observe a relationship between food 

insecurity and the cardiometabolic risk profile, 

such as worse diabetes control and increased 

prevalence of hypertension, but cross-sectional 

designs do not determine temporal sequence or can 

quantify interaction (Berkowitz et al., 2013; 

Seligman et al., 2010). Though a study by Ahmed 

et al. (2020) has shown that formal additive 

interaction testing can work and have clinical 

relevance in cardiometabolic studies (Ahmed et 

al., 2020), similar interaction analyses combined 

with diabetes, hypertension, and food insecurity 

are not common. Consequently, synergy is still 

likely and clinically significant but not proven. 
 

Accordingly, this narrative review synthesizes 

evidence on how diabetes, hypertension, and food 

insecurity jointly influence cardiovascular disease 

in underserved American communities. We review 

epidemiologic evidence, examine biological and 

behavioral mechanisms, assess population and 

contextual heterogeneity, and evaluate food-as-

medicine and policy interventions with potential to 

reduce cardiovascular risk. 
 

METHOD 
A narrative review methodology was applied, 

which utilized a specific yet non-exhaustive search 

strategy to maximize transparency without the 

limitations of a systematic review. This 

methodology has the advantage of minimizing 

selection bias, allowing for the interpretive 

synthesis of epidemiological, mechanistic, and 

policy-relevant literature related to food insecurity, 

hypertension, diabetes, and cardiovascular 

outcomes. The narrative review methodology was 

conducted in accordance with the Scale for the 

Assessment of Narrative Review Articles 

(SANRA) guidelines for narrative reviews, as 

published by (Baethge et al., 2019). The relevant 

literature was identified through a targeted search 

of the PubMed, Embase, and Scopus databases. 

The search was limited to peer-reviewed literature 

published up to September 2025. The search terms 

were refined to include major thematic areas 

relevant to the narrative review, with a focus on 

U.S. populations and underserved groups. The 

major search concepts included a combination of 

search terms related to food insecurity, 

cardiovascular diseases, and cardiometabolic 

diseases. The search terms related to food 

insecurity were combined with search terms 

related to cardiovascular outcomes such as 

coronary heart disease, heart failure, myocardial 

infarction, and stroke, as well as cardiometabolic 

diseases such as diabetes and hypertension. To 

ensure the identification of the most 

comprehensive literature, the reference lists of key 

narrative reviews, systematic reviews, and high-

impact epidemiological studies were hand-checked 

to identify relevant literature. The focus was on 

major U.S. cohort studies and nationally 

representative surveys commonly cited in the 

literature related to food insecurity and 

cardiovascular diseases. The search results were 

limited to English-language articles. 
 

BIOLOGICAL AND SOCIAL 
PATHWAYS LINKING DIABETES 
AND HYPERTENSION  
The biologic interaction between diabetes and 

hypertension is mutual and overlapping, with 

pathophysiologic processes that are insulin-
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resistance-induced, endothelial-dysfunction-

induced, chronic low-grade inflammation-induced, 

oxidative-stress-induced, and renin- angiotensin-

aldosterone system (RAAS)-induced (Cheung & 

Li, 2012; Ferrannini & Cushman, 2012). Constant 

hyperglycemia is involved in vascular stiffness and 

reduced nitric oxide bioavailability which 

conditions favor high blood pressure, and 

hypertension increases microvascular damage, 

aggravating glycemic dysregulation and triggering 

diabetic complications (Strain & Paldánius, 2018). 

These processes are interrelated and promote 

unfavorable cardiovascular remodeling and 

accelerate the atherosclerosis development. 
 

The epidemiologic evidence always proves that 

people with comorbid diabetes and hypertension 

have significantly increased risks of coronary heart 

disease, heart failure, stroke, and cardiovascular 

mortality, as opposed to those with either of these 

conditions (ElSayed et al., 2024; Fox et al., 2015). 

This positive feedback process gives rise to a self-

reinforcing process whereby inadequate metabolic 

and blood pressure regulation leads to increased 

cardiovascular risk, especially in the absence of 

effective long-term control of the disease (Saqib et 

al., 2023). Notably, syndemic theory points out 

that these biological interactions are not isolated, 

but they are exacerbated when conditions of social 

adversity are experienced. Neuroendocrine stress 

responses, heightened inflammatory systemic 

effects, and impaired chronic disease self-

management behaviors are enhanced by structural 

and contextual issues like food insecurity, financial 

strain, neighborhood deprivation, and poor access 

to healthcare (Hill-Briggs et al., 2021; 

Mendenhall, 2017). Consequently, the diabetes-

hypertension syndemic is the strongest among 

low-income and marginalized groups in which 

poor social conditions further amplify biological 

susceptibility and the existence of enduring 

cardiovascular inequality in the United States. 

 

 
Figure 1: A summarised framework of the synergistic effects of diabetes, hypertension, and food security on 

cardiovascular disease risk in underserved communities 
 

OVERVIEW OF KEY CONDITIONS 
AND THEIR INDEPENDENT 
ASSOCIATIONS 
Cardiovascular disease is a proven independent 

risk factor that is mediated by pathophysiologic 

processes such as rapid atherosclerosis, systemic 

inflammation, endothelial dysfunction, and insulin 

resistance, which are all caused by diabetes 

mellitus (King & Grant, 2016). Continuous 

hyperglycemia promotes oxidative stress and 

formation of end-products of advanced glycation, 

vascular damage, and unstable plaque (Low Wang 

et al., 2016). Research demonstrate that coronary 

heart disease and cardiovascular death is two to 
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four times more common in adults with diabetes 

than in the absence of the condition (Fox et al., 

2015). The risk is highly concentrated among the 

underserved populations, and the manifestation of 

diabetes, earlier disease onset, and poorer 

glycemic control are coupled by social 

determinants of poverty, food insecurity, and lack 

of preventive care, which lead to persistent 

cardiovascular disparities (Hill-Briggs et al., 

2021). 
 

Hypertension also remains a leading cause of 

cardiovascular morbidity and mortality that 

manifests in the form of progressive vascular 

damage, arterial stiffness, endothelial dysfunction, 

and left ventricular hypertrophy, all increasing the 

risk of myocardial infarction, stroke, heart failure, 

and chronic kidney disease (Oparil et al., 2018). 

Any small rises in blood pressure correlate with a 

higher risk of CVD, which highlights the primary 

role that hypertension plays in the cardiovascular 

burden of the population (Forouzanfar et al., 

2017). In America, there are severe disparities in 

the hypertension diagnosis, treatment, and control, 

especially among the low-income and racial and 

ethnic minorities who have higher rates of 

uncontrolled blood pressure and poor 

cardiovascular disease outcomes due to structural 

barriers, medication costs, and inadequate access 

to health care(Muntner et al., 2020). 
 

Food insecurity on the other hand has been 

revealed as a risk factor of its own, leading to 

adverse cardiovascular outcomes by mechanisms 

that encompass unhealthy intake of diet, prolonged 

psychosocial stress, and impaired metabolic 

control. Food-insecure people are more likely to be 

using high sodium, refined carbohydrates and 

ultra-processed foods in their diets, and they have 

irregular energy intake, which fosters obesity and 

cardiometabolic dysfunction- a tendency 

sometimes outlined in the context of the so-called 

obesity paradox, in resource-constrained 

environments (Leung et al., 2014). In addition to 

diet, food insecurity is one of the reasons that 

cause long-term stress reactions and avoidance of 

healthcare, which increases the risk of 

cardiovascular disease further. Nationally 

representative studies show that food insecurity is 

related to improved cardiovascular disease and 

weightier cardiovascular and all-cause mortality 

even following correction with conventional 

hazards (Liu & Eicher-Miller, 2021; Sun et al., 

2020; 2021). 
 

EPIDEMIOLOGIC EVIDENCE: FOOD 
INSECURITY, DIABETES, 
HYPERTENSION, AND 
CARDIOVASCULAR DISEASE 
Recent epidemiologic literature and research 

carried out in the last twenty years indicate that 

food insecurity is closely linked with prevalence 

and incidence rate of diabetes, hypertension, and 

cardiovascular disease (CVD) in the United States 

(Leblang et al., 2025). Low-income, racial and 

ethnic minority, and medically underserved 

populations are also disproportionately affected by 

food insecurity, which is defined as restricted or 

unpredictable access to nutritional adequate and 

safe foods(Berkowitz et al., 2017; Brandt et al., 

2022) and have a disproportionately high burden 

of cardiometabolic disease. Extensive cross-

sectional and longitudinal studies of nationally 

representative samples, such as the National 

Health and Nutrition Examination Survey 

(NHANES) have indicated that food insecure 

adults are at a substantially increased risk of 

developing diabetes and hypertension relative to 

food secure people, even when socioeconomic and 

demographic confounding factors are controlled 

(Liu & Eicher-Miller, 2021). Berkowitz et al. 

(2017) also found that adult food insecurity rates 

were higher and persistently elevated between 

2005 and 2012 between adults with diabetes, 

hypertension, and coronary heart disease, which 

indicated the bidirectional and reinforcing 

relationship between food insecurity and 

cardiometabolic disease (Berkowitz et al., 2017). It 

has also been noted that food insecurity is 

associated with poor cardiometabolic control, 

which leads to downstream cardiovascular 

complications. Food insecurity is linked to poor 

glycemic control, uncontrolled blood pressure, 

dyslipidemia, and poor medication adherence in 

adults with diabetes- the major risk factors of CVD 

development and progression (Dong et al., 2023). 

The associations are especially sharp in 

underserved groups, with structural issues 

concerning the access and affordability of 

healthcare contributing to a further escalation of 

the risk of diseases. There is also epidemiologic 

evidence of a direct relationship between food 

insecurity and existing cardiovascular disease. 

Research shows that food insecurity affects 

persons with atherosclerotic cardiovascular disease 

more often than the general population and is 

linked to greater morbidity and mortality of CVDs 

independently (Mahajan et al., 2021). A national 

representative cohort study of Sun et al. (2020) 
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concluded that adults with food insecurity were at 

much higher risk of cardiovascular and all-cause 

mortality, with disproportionately high risks in the 

presence of hypertension or diabetes co-

morbidities (Sun et al., 2020). Such patterns of 

epidemiology are largely dependent on racial and 

ethnic disparities. Brandt et al. (2022) revealed 

that the prevalence of food insecurity in people 

having the cardiometabolic risk factors was 

disproportionately high in non-Hispanic Black and 

Hispanic people, which showed the overlapping of 

structural racism, economic inequality, and health 

disparities (Brandt et al., 2022). These results 

highlight food insecurity as an important social 

factor that increases synergy outcomes of diabetes 

and hypertension on cardiovascular disease 

(Odoms-Young et al., 2024) among underserved 

American populations. Together, epidemiologic 

evidence suggests a conceptual framework that 

food insecurity has been stressing as a disease 

modifier and a disease risk factor that aggravates 

the comorbidity and cardiovascular negative 

effects of diabetes and hypertension (Li et al., 

2025). The three groups form a significant health 

issue of concern that has led to chronic 

cardiovascular inequalities in the United States. 
 

INTEGRATED BIOLOGICAL, 
BEHAVIORAL AND STRUCTURAL 
PATHWAYS DRIVING 
CARDIOVASCULAR RISK 
The synergistic relationship between diabetes, 

hypertension, and food insecurity is also partly 

driven by the convergence of biological 

mechanisms underlying cardiovascular risk. Low-

grade inflammatory processes have emerged as a 

key player, with food insecurity and psychosocial 

stressors driving inflammatory biomarkers, leading 

to insulin resistance, endothelial dysfunction, and 

atherosclerosis progression (Laraia et al., 2017; 

Liu & Eicher-Miller, 2021). Endothelial 

dysfunction, characterized by impaired 

bioavailability of nitric oxide and vascular 

stiffness, is also exacerbated by hyperglycemia and 

prolonged hypertension, leading to accelerated 

atherosclerosis progression (Ferrannini & 

Cushman, 2012). At the same time, 

neuroendocrine pathways, including 

hypothalamic-pituitary-adrenal axis dysfunction 

and sympathetic nervous system activation, are 

driving forces for metabolic dysregulation, 

hypertension, and abdominal obesity, leading to a 

self-perpetuating cycle of cardiovascular risk, 

especially for individuals experiencing food 

insecurity (Hill-Briggs et al., 2021; Seligman et 

al., 2010). 
 

These biological processes are closely related to 

the behavioral and lifestyle patterns shaped by 

material deprivation. For example, food insecurity 

has consistently been associated with dietary 

patterns characterized by high sodium and refined 

carbohydrate intake, as well as the availability of 

ultra-processed food products and low intake of 

fruits, vegetables, and whole grains, which are 

known to adversely affect glucose and blood 

pressure control(Berkowitz et al., 2018; Leung et 

al., 2014). In addition, the lack of access to safe 

environments for physical activity and the 

competing priorities for survival may lead to a 

sedentary lifestyle, which increases the risk of 

cardiometabolic diseases. Moreover, increased 

rates of smoking and negative coping strategies 

have also been observed among individuals 

exposed to chronic economic stress, which 

provides a coping mechanism for stress but causes 

long-term cardiovascular damage (Mendenhall, 

2017). Thus, the pathways of structural deprivation 

lead to chronic physiological damage. 
 

Compounding these biological and behavioral 

pathways of the syndemic of diabetes, 

hypertension, and food insecurity, the lack of 

access to healthcare may hinder the prevention, 

early detection, and effective control of diseases 

(Schwarz et al., 2022). For example, individuals 

with food insecurity and diabetes and hypertension 

may experience difficulties in managing their 

diseases because of the trade-offs between the cost 

of medication and the cost of food, leading to poor 

medication adherence, uncontrolled hypertension, 

and poor glycemic control (Berkowitz et al., 

2013). Structural barriers that also lead to uneven 

healthcare engagement, late diagnosis, and 

disjointed continuity of care include absence of 

insurance, transportation barriers, and suboptimal 

access to culturally sensitive services in 

underserved communities (Mahajan et al., 2021). 

These barriers support the diabetes-hypertension-

food insecurity syndemic, enabling preventable 

cardiovascular complications to develop and 

continue to persist despite the presence and 

application of effective clinical solutions. 
 

TRANSLATIONAL IMPLICATIONS 
FOR CARDIOVASCULAR 
PREVENTION AND HEALTH EQUITY 
Clinical practice emerges as a key point for 

disrupting the syndemic link between diabetes, 

hypertension, and food insecurity through the early 
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identification and management of the interrelated 

conditions (Miguel et al., 2020). For example, the 

integrated management of the conditions, 

including blood pressure, glucose, and 

cardiovascular risk, has been found to enhance the 

early identification of high-risk patients. This has 

been achieved through the integrated management 

of the conditions, particularly in underserved 

populations (Fox et al., 2015; Oparil et al., 2018). 

The support for the routine screening of food 

insecurity in the clinical practice environment is 

gaining momentum, particularly due to the 

understanding of the condition as a modifiable 

social factor with direct implications for the 

management of the conditions (Seligman et al., 

2010; Taher et al., 2022). The integration of 

validated screening tools into the electronic health 

record facilitates the identification of patients at 

high risk of developing the conditions, thus 

enhancing the provision of preventive 

cardiovascular care. 
 

Following from clinical identification, community-

based interventions can significantly contribute to 

the effective translation of screening into 

population-level health improvements (Sharma et 

al., 2019). Medically tailored meals and food as 

medicine interventions have shown promising 

results in improving dietary intake, blood glucose, 

blood pressure, and healthcare use among food-

insecure individuals with cardiometabolic diseases 

(Berkowitz et al., 2018; Wetherill et al., 2018). 

Moreover, community health workers can 

significantly contribute to improving intervention 

outcomes by addressing cultural, language, and 

logistical factors, as well as improving chronic 

disease management among marginalized 

communities, such as food-insecure individuals or 

racial and ethnic minorities, who experience a high 

burden of cardiovascular diseases (Kangovi et al., 

2018). Faith-based and community-level 

interventions can significantly contribute to 

improving nutrition knowledge, dietary intake, and 

behavior change, particularly in communities that 

experience a high burden of cardiovascular 

diseases and other healthcare disparities (Dunn et 

al., 2021; Wilcox et al., 2013).  
 

At the system and policy level, structural 

interventions can significantly contribute to 

improving cardiovascular disease outcomes at a 

population level. Expanding and improving the 

Supplemental Nutrition Assistance Program 

(SNAP), a food support program, has been shown 

to significantly contribute to improving food 

security, dietary intake, and cardiovascular disease 

risk factors, particularly when incentives are 

aligned with food purchases that promote healthy 

diets (Gregory et al., 2020). Food prescription 

programs, which provide access to food as part of 

a comprehensive treatment plan, can significantly 

contribute to improving blood pressure, blood 

glucose, and food insecurity among individuals 

with diabetes and hypertension, providing a link 

between healthcare systems and food access 

(Olstad et al., 2022). Finally, value-based care 

models that incentivize addressing social 

determinants of health offer a scalable framework 

for aligning clinical outcomes with upstream 

prevention, reinforcing the need for integrated 

policy approaches to address the syndemic drivers 

of cardiovascular disease in underserved American 

communities. 
 

GAPS AND FUTURE RESEARCH 
DIRECTIONS 
Although there is considerable evidence of the 

associations of diabetes, hypertension, and food 

insecurity individually with cardiovascular disease, 

there is a significant research gap in the 

longitudinal research on the combined and 

interactive effects of these syndemics over time. 

Most of the research on these syndemics and their 

effects on cardiovascular disease and other 

outcomes is cross-sectional or of short-term 

design, making it difficult to elucidate the effects 

of the changing levels of food insecurity on the 

development and co-occurrence of these 

syndemics and the subsequent development of 

cardiovascular outcomes and disease, particularly 

in underserved populations in the US (Liu & 

Eicher-Miller, 2021; Thomas et al., 2021). 
 

There are also significant research gaps in 

intervention and implementation of research. 

Although there are emerging intervention studies 

on food-as-medicine and care navigation 

approaches for cardiovascular outcomes and 

syndemics, there are few studies that have 

addressed the syndemics of diabetes, hypertension, 

and food insecurity concurrently and long-term 

cardiovascular outcomes and their feasibility 

(Berkowitz et al., 2018; Olstad et al., 2022). Most 

of the studies also lack representation of 

underserved populations, including those in the 

US, such as the rural population, Native 

Americans, immigrants, and those in other 

marginalized regions of the US. Future research 

should address the implementation of these 

syndemics and their effects on cardiovascular 

outcomes and the development of cardiovascular 
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disparities, particularly in underserved populations 

in the US.  
 

CONCLUSION 
This narrative review aims to identify the 

interrelated relationships between diabetes, 

hypertension, and food insecurity in the 

development of cardiovascular diseases in 

underserved communities in the US. The findings 

suggest that these conditions occur in a syndemic 

pattern in which biological dysregulation, 

behaviorally mediated pathways, psychosocial 

stress, and structural barriers to healthcare access 

work together to increase cardiovascular risk. Food 

insecurity appears to play an important role in the 

social determinants of health, which can influence 

cardiovascular health in ways that extend beyond 

traditional risk factors. However, there is little 

work that examines the synergistic effects of these 

conditions. To address cardiovascular health 

disparities, there is a need to develop an integrative 

approach to prevention that includes the 

assessment of food insecurity in the management 

of cardiovascular risk. 
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