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ABSTRACT OF THE DISSERTATION 

FOOD INSECURITY IS ASSOCIATED WITH NONALCOHOLIC FATTY LIVER 

DISEASE, COGNITIVE IMPAIRMENT, AND IMMUNE ACTIVATION IN PEOPLE 

LIVING WITH HIV 

by 

Javier A. Tamargo 

Florida International University, 2021 

Miami, Florida 

Professor Adriana Campa, Co-Major Professor 

Professor Marianna K. Baum, Co-Major Professor 

 Food insecurity (FI) is a socioeconomic condition characterized by inadequate 

access to enough food and nutrition to sustain health and wellbeing. Food insecurity is a 

risk factor for chronic and age-related conditions, raising concerns for the aging 

population of people living with HIV (PLWH), in whom food insecurity is 

disproportionately prevalent. PLWH are at increased risk of nutrition-related 

complications and chronic co-morbidities, thus food insecurity may exacerbate adverse 

health outcomes in this population. This study investigated whether food insecurity was 

associated with nonalcoholic fatty liver disease (NAFLD), cognitive impairment, and 

immune activation among socioeconomically disadvantaged adults living with and 

without HIV. 

 This study was conducted with participants from the Miami Adult Studies on HIV 

(MASH) Cohort, predominantly comprised of low-income Black and Hispanic middle-

aged adults. Food insecurity was measured with the U.S. Household Food Security 
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Survey. Magnetic resonance technology was used to assess liver steatosis and fibrosis. 

The Mini-Mental State Examination was used to assess cognitive impairment. 

Biomarkers of monocyte/macrophage (sCD14 and sCD163) and lymphocyte (sCD27) 

activation were measured from blood samples. 

 Approximately a third of participants experienced food insecurity. Food insecurity 

modified the effect of BMI on NAFLD, increasing the risk associated with increasing 

BMI among those who experienced food insecurity. Additionally, food insecurity was 

independently associated with increased risk for any and advanced liver fibrosis. Baseline 

food insecurity and its frequency over a 2-year period were associated with cognitive 

decline, particularly when food insecurity was persistent. The effects of food insecurity 

on liver disease or cognitive impairment were not significantly different between PLWH 

and HIV-uninfected participants. Among PLWH, food insecurity was associated with 

increased sCD14 and sCD27, which also correlated with the severity of food insecurity. 

The severity of food insecurity also appeared to moderate the relationship between CD4 

cell count and sCD163.  

 Food insecurity may contribute to the NAFLD and cognitive decline among low-

income U.S. minorities. Although food insecurity did not have greater effects for PLWH 

compared to those HIV-uninfected, food insecurity may promote immune activation in 

PLWH, suggesting a biological link between food insecurity and adverse health 

outcomes. Improving financial security and access to high-quality foods could reduce the 

high burden of disease in vulnerable populations.  
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CHAPTER I:  INTRODUCTION 

Statement of Problem  

 Over 1.2 million adolescents and adults in the United States (U.S.) are living with 

the human immunodeficiency virus (HIV).1 People living with HIV (PLWH) are, in its 

majority, a marginalized group disproportionately affected by socioeconomic hardships 

and stigma.2,3 In the United States, HIV infections are mostly concentrated in poor 

communities, where racial-ethnic minorities − particularly Black Americans − are over-

represented.2 As a result of social disparities, PLWH are disproportionately affected by 

food insecurity,4-6 a socioeconomic condition of inadequate access to sufficient, safe, and 

nutritious foods to sustain health and wellbeing. Although population-wide studies are 

needed, 40-60% prevalence of food insecurity among PWLH in the United States have 

been reported,7-10 making it approximately four to six times greater than in the general 

U.S. population.5 

 Advances in antiretroviral therapy (ART) have improved HIV-related health 

outcomes and made it possible for PLWH to live longer lives, achieving lifespans that are 

similar to those of the general population.11-13 As a result, the prevalence of HIV 

infections in the United States continues to rise although the incidence rate has 

declined.14 As PLWH live longer, chronic and age-related conditions have become the 

predominant causes of morbidity and mortality, impacting their health and quality of 

life.15-20 Indeed, PLWH are at increased risk for many chronic, non-communicable 

diseases,19,21-23 and have higher rates of multi-morbidity.20,24,25  

 Food insecurity raises particular concerns for PLWH. On one hand, food insecurity 

is associated with poorer adherence to ART,26,27 lower odds for viral suppression,28 and 
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lower CD4 cell counts.29 Thus, food insecurity promotes immunodeficiency and HIV 

disease progression, increasing the risk for mortality.4,30 By contributing to poor HIV 

control, food insecurity may be a barrier for the eradication of HIV. On the other hand, 

food insecurity also increases the risk for compromised nutritional status (e.g. 

malnutrition, micronutrient deficiencies)6,31 and the development and/or progression of 

comorbidities.8,9,32-39 There are several nutrition-related complications in HIV infection, 

such as increased nutritional and metabolic demands,40,41 as well as altered 

gastrointestinal function resulting in decreased food intake and poor absorption of 

nutrients.42-45 Both HIV infection and ART can lead to metabolic abnormalities and 

increase the risk for cardiometabolic conditions.46,47 Given the high rates of food 

insecurity among PLWH, their susceptibility and vulnerability to chronic diseases, and 

the associations of food insecurity with poor health outcomes, food insecurity may 

significantly contribute to the burden of disease among U.S. adults living with HIV.  

 While several studies have explored the associations between food insecurity and 

chronic diseases in the general U.S. population,34-38,48,49 relatively fewer studies have 

done so specifically in PLWH.8,9,32,33 In particular, two emerging health concerns have 

garnered recognition in recent years. Nonalcoholic fatty liver disease (NAFLD) has 

become the most prevalent liver disease in the world, with a rise in prevalence that 

parallels that of obesity, type 2 diabetes (T2D), and metabolic syndrome (MetS).50 While 

precise estimates are needed, the rate of NAFLD tends to be higher in PLWH than in the 

general population51 and PLWH have almost twice the rate of nonalcoholic 

steatohepatitis (NASH)52 − a more progressed stage of the disease. In fact, liver disease is 

a leading cause of morbidity and mortality among PLWH,53 and it has been associated 
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with cognitive impairments in PLWH even in the absence of viral hepatitis.54-56 Despite 

advances in treatments, cognitive dysfunctions continue to affect a significant portion of 

PLWH.57-64 Indeed, HIV-associated dementia is now relatively rare with 2-4% 

prevalence, but milder neurocognitive disorders are found in approximately 20-50% of 

PLWH63 and persist despite long-term viral suppression.62 Regardless of a growing 

interest in these conditions, few studies have examined their associations with food 

insecurity, particularly among PLWH. 

 Persistent inflammation and immune activation are considered key factors in HIV 

disease progression and are implicated in chronic conditions in PLWH.65-68 Activation of 

the immune system refers to the immune response to invading pathogens.69 More 

specifically, immunologic activation is the process by which immune cells are stimulated, 

triggering specific immune defenses. While these systems are beneficial in the short term, 

chronic activation of immune systems can be deleterious.69 Indeed, chronic inflammation 

and immune activation have been reported in association to liver disease70-72 and 

cognitive disorders73-75 in PLWH. Food insecurity has been associated with pro-

inflammatory diets and inflammation,76-79 suggesting a biological pathway between food 

insecurity and chronic diseases. However, few studies to date have directly examined 

whether food insecurity contributes to immune activation in PLWH. In particular, food 

insecurity, and the poor-quality diets associated with it, could contribute to gut 

permeability and the translocation of pathogens and other toxic microbial products 

through the intestinal epithelial barrier (known as microbial translocation)80 − a 

significant source of immune activation in PLWH.81  
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Significance of Study 

 The issues examined in this study have implications that expand from the local 

community to the globe. Food insecurity affects all levels of society − global, regional, 

national, community, household, and individual.82 This study was conducted in Miami-

Dade County, which has one of the highest rates of HIV infections in the United States.83 

Yet, there are currently 37.9 million people in the world living with HIV, most of whom 

live in countries where food insecurity and undernutrition are endemic.84 Globally, an 

estimated 26% of the world population (approximately 2 billion people) experienced 

moderate-to-severe food insecurity in 2019 and 8.9% were undernourished.82  

 NAFLD, paralleling obesity, has reached pandemic proportions85 and its global 

prevalence has been estimated at approximately 25%.86 NAFLD is associated with 

increased risk for morbidity and mortality, particularly at the more advanced stages of the 

disease.87 Still, some have argued that NAFLD remains underappreciated and 

understudied among PLWH.88  

 Furthermore, an estimated 16% (12-20%) of older adults have mild cognitive 

impairment and 34% (27-40%) progress to dementia.89 Cognitive impairments and 

dementia are seen in approximately 18-21% and 5-8%, respectively, of older adults in the 

United States.90,91 Nutritional risk factors such as food insecurity, malnutrition, and 

obesity can contribute to cognitive impairments. Both food insecurity8 and obesity92 are 

prevalent among PLWH, and food insecurity has been associated with both malnutrition 

and obesity in PLWH.6,93 Also, food insecurity94 and obesity95,96 have been identified as 

risk factors for cognitive impairments in PLWH, while underweight is associated with 

progression of mild cognitive impairment to dementia in the elderly.97 Others have 
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reported associations between decreased cognitive function and central or abdominal 

obesity.98-100 Additionally, obesity is tightly associated with fatty liver and is a risk factor 

for progression of liver disease to cirrhosis,101 further contributing to the risk of cognitive 

impairment. 

Innovation 

 At the time of this writing, only one study has evaluated the relationship between 

food insecurity and liver disease, conducted with data from the National Health and 

Nutrition Examination Survey (NHANES).102 However, the investigators used indirect 

measures of hepatic steatosis and fibrosis with poor sensitivity. In this study, we used 

magnetic resonance imaging-derived proton density fat fraction (MRI-PDFF) to quantify 

liver fat content and magnetic resonance elastography (MRE) to assess liver stiffness, a 

measure of fibrosis. These measures are non-invasive and highly accurate,103,104 

providing an innovative approach to investigate the problem. Additionally, no studies to 

date have examined the link between food insecurity and liver disease among PLWH. In 

the Miami Adult Studies on HIV (MASH) cohort, 98% of participants living with HIV 

report taking ART and over 80% are virally suppressed (viral load <200 copies/mL). This 

is similar to other cohorts of PLWH in care,105 but markedly higher than in the general 

United States (57%).106 The MASH cohort, therefore, presents a rare opportunity to 

examine health outcomes among free-living PLWH who are engaged in care and virally 

suppressed, but are at increased risk for food insecurity and comorbidities. 

 Moreover, food insecurity has an inverse correlation with cognitive function,107 but 

only two cross-sectional studies have examined this association in PLWH with 

conflicting results.94,108 Yet, for many households, food insecurity is a frequent or 
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persistent problem that occurs for an average of 7 months out of the year.109 However, no 

studies to date have examined the longitudinal relationship between food insecurity and 

cognitive impairment among people living with HIV, while considering the impact of the 

frequency of food insecurity over time.  

 Lastly, to the best of our knowledge, only one study previously examined whether 

food insecurity is associated with immune activation in PLWH − as measured by plasma 

levels of CD4+ and CD8+ T-cell %CD38+HLADR+.110 Immune activation is thought to 

contribute to non-AIDS co-morbidities in PLWH.65 Previous studies have associated food 

insecurity with markers of chronic inflammation.76,77,79 Therefore, immune activation 

may be a potential biological pathway between food insecurity and the high burden of 

comorbidities in this population. Indeed, persistent immune activation has been 

implicated in liver disease70,72 and neurocognitive disorders73,75 among PLWH.  

 Altogether, the results of this study serve to improve public health by improving 

our knowledge regarding major public health concerns of local, national, and global 

relevance, with implications for clinical settings and policymakers. The following aims 

and hypotheses are presented as three distinct chapters, each written as a research article. 
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Specific Aims and Hypotheses 

Chapter III: Association of Food Insecurity with Nonalcoholic Fatty Liver Disease 

Specific Aim 1: To determine whether food insecurity is associated with NAFLD using 

accurate, non-invasive magnetic resonance (MR) technology. 

Hypothesis 1a: Food insecurity (assessed with the U.S. Household Food Security 

Survey) will be associated with increased risk for NAFLD (liver fat >5%) as 

determined by MRI-PDFF.  

Hypothesis 1b: Food insecurity will be associated with increased risk for liver 

fibrosis as determined by MRE. 

Hypothesis 1c: The effects of food insecurity on liver outcomes will be significantly 

higher in PLWH than HIV-uninfected participants. 

Chapter IV: Association of Food Insecurity with Cognitive Impairment 

Specific Aim 2: To determine whether food insecurity is associated with cognitive 

impairment cross-sectionally and after a 2-year follow-up.  

Hypothesis 2a: Food insecurity will be independently associated with increased risk 

for cognitive impairment as determined by the Mini-Mental State Examination 

(MMSE). 

Hypothesis 2b: The risk for cognitive impairment will correlate with the frequency of 

food insecurity. 

Hypothesis 2c: The effect of food insecurity on cognitive impairment will be stronger 

for PLWH than HIV-uninfected participants. 
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Chapter V: Association of Food Insecurity with Immune Activation in PLWH  

Specific Aim 3: To determine whether food insecurity is associated with increased 

immune activation in PLWH. 

Hypothesis 3a: Food insecurity will be associated with increased immune activation 

in PLWH as determined by plasma levels of sCD14, sCD27, and sCD163. 

Hypothesis 3b: The severity of food insecurity will correlate with levels of sCD14, 

sCD27, and sCD163. 
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Table 1.1. Summary of Hypotheses and Methods 

Hypothesis 
Dependent 
Variable(s) 

Measurement of Dependent 
Variable(s) 

Independent 
Variable(s) 

Measurement of Independent 
Variable(s) Statistical Plan 

1a Food insecurity HFSS NAFLD MRI-PDFF  
(liver fat >5%) 

Chi-square test 
Logistic regression 

1b Food insecurity HFSS Liver fibrosis 
Advanced 
fibrosis 

MRE 
LS ≥2.9 kPa ≥ stage 1 
LS ≥3.8 kPa ≥ stage 3 

Chi-square tests 
Logistic regressions 

1c Food insecurity 
HIV 

HFSS 
Medical records 

NAFLD 
Liver fibrosis 
Advanced 
fibrosis 

MRI-PDFF 
MRE 

Logistic regressions with 
FI*HIV interaction term 

2a Baseline food 
insecurity 

HFSS Cognitive 
impairment 

MMSE (≤ 24) at baseline and 
at 2-year follow-up 

Chi-square test 
Logistic regressions 

2b Frequency of food 
insecurity 

HFSS, measured at baseline and 12- 
and 24-month follow-ups 

Cognitive 
impairment 

MMSE (≤ 24) Logistic regression 

2c Food insecurity 
HIV 

HFSS 
Medical records 

Cognitive 
impairment 

MMSE (≤ 24) Logistic regression with 
FI*HIV interaction term 

3a Food insecurity HFSS Immune 
activation 

Plasma sCD14, sCD27, 
sCD163 

Linear regressions 

3b Severity of food 
insecurity 

HFSS Immune 
activation 

Plasma sCD14, sCD27, 
sCD163 

Spearman correlation 
Linear regressions 

Abbreviations: FI, food insecurity; HFSS, U.S. Household Food Security Survey; LS, liver stiffness; MMSE, Mini-Mental State Examination; MRE, 
magnetic resonance elastography; MRI-PDFF, magnetic resonance imaging-derived proton density fat fraction
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CHAPTER II:  LITERATURE REVIEW 

Food Insecurity in the United States 

 Food insecurity refers to a lack of adequate access to sufficient, safe, and nutritious 

foods to sustain health and wellbeing. More specifically, food insecurity is characterized 

by an uncertain ability or inability to procure enough food to feel satiated and live a 

healthy life.1 Distinct from hunger, a physiological condition that occurs solely at the 

individual level,2 food insecurity is a socioeconomic condition that can be measured at all 

levels of society − global, regional, national, community, household, and individual.3 The 

Food and Agriculture Organization (FAO) of the United Nations identifies four key 

dimensions of food insecurity: 1) local availability of foods through adequate food 

systems; 2) whether households or individuals have access to those foods; 3) utilization 

of foods for optimal nutrition; and 4) temporal stability of the previous conditions.3 

Importantly, food insecurity in the United States is conceptualized somewhat differently 

from countries with fewer resources.4 In the United States and similar high-resource 

countries, calories are inexpensive and readily accessible, but adequate nutrition may be 

inaccessible both financially and physically.5  

 In the United States, an estimated 10.5% of households, or 13.7 million households, 

experienced food insecurity at some point in 2019, including 2.4 million households with 

children.6 Unfortunately, recent rates of food insecurity in the United States are not 

dissimilar from those seen over two decades ago,6 although the spike caused by the Great 

Recession has leveled out.7 Moreover, the national state of food security is highly volatile 

and may be precipitated by national crises. In the wake of the novel coronavirus disease 

of 2019 (COVID-19) pandemic, subsequent to a dramatic rise in unemployment and food 
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systems affected leading to food shortages, the national rate of food insecurity rose to an 

estimated 38.3%.8 Food insecurity is a consequence of limited resources and is associated 

with poverty, unemployment, and high housing costs.9 Indeed, the rate of food insecurity 

is 35% among households with incomes below the federal poverty level compared to 5% 

in those with incomes above 185% of poverty.6 Racial/ethnic minorities are particularly 

affected, with rates above the national average seen in Black non-Hispanic (19.1%) and 

Hispanic (15.6%) households.6 In the midst of the COVID-19 pandemic, minorities were 

disproportionately affected by economic stressors, leading to nearly twice the odds of 

food insecurity in Blacks and Native Americans compared to Whites, and 30% higher 

risk among Hispanics compared to non-Hispanics.8 

 Food insecurity can be a chronic or transitory problem. In the United States, food 

insecurity is often episodic and recurrent, triggered by unemployment, inflation, food 

prices, and unforeseen costs.10,11 Nonetheless, for many households, food insecurity is a 

frequent or persistent problem experienced for an average of 7 months out of the year.12,13 

About 56% of food-insecure U.S. households in 2018 participated in federal food 

assistance programs,14 but these are often insufficient to relieve financial constraints.4,15,16 

Moreover, the reliance on food assistance leads to fluctuations in food intake, or a “food 

stamp cycle,” in which food spending and, subsequently, food intake peak early in the 

month and sharply decrease towards the end of the month.17,18  
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Assessment of Food Insecurity 

 Several tools have been developed to measure the various aspects of food 

insecurity at different social levels.19 The most widely utilized and well-validated 

instrument has been the U.S. Household Food Security Survey (HFSS).6 The HFSS has 

been validated across U.S. demographics20,21 and has been adapted for use in other 

settings with favorable results.19,22 The 18-item questionnaire assesses a respondent’s 

perceived food sufficiency and adequacy, food-related anxiety, and instances of hunger 

that occurred in the household during the past 12 months.23 While the HFSS was 

designed to measure food insecurity at the household level, it has also been validated to 

measure food insecurity at the individual level.20 

 The HFSS can categorize households into four levels food security, or by 

increasing severity of food insecurity: high (or full), marginal, low, and very low food 

security (VLFS). Recent research has demonstrated that the severity of food insecurity 

seems to influence its association with health outcomes.24-27 Important distinctions can be 

observed between households reporting no food insecurity (full food security) and those 

with one or two food-insecure conditions (marginal food security), although these two 

categories would be typically considered food-secure. In fact, the demographic 

characteristics of marginally food-secure households more closely resemble those of 

food-insecure households than those with full food security.28 The same is true for 

households that would otherwise be categorized as food-insecure, which typically 

combines low and very low food security. Low food security (previously known as “food 

insecurity without hunger”) is defined as reduced quality, variety, or desirability of diet, 

with little or no indication of reduced food intake.29 Very low food security, previously 
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known as “food insecurity with hunger,” is characterized by multiple indications of 

disrupted eating patterns and reduced food intake.6,29 Recently, Choi et al. identified 

several distinguishing characteristics of households with VLFS.16 Depending on whether 

the households had children, older adults, or neither, VLFS households could be 

identified by increased or decreased participation in food assistance programs, as well as 

health status and access to healthcare, such as unmet medical care needs, poor health, 

disability, and depression.16  

Food Insecurity: A Social Determinant of Health 

 Food insecurity is a risk factor for poor health outcomes at all ages,4,30-32 making it 

an important social determinant of health.33,34 In effect, adults from food-insecure 

households are at increased risk for chronic cardiometabolic diseases and mental health 

problems.24,30,31,35-38 Many factors may contribute to the associations between food 

insecurity and poor health outcomes, including poor diet quality,39 increased stress,40,41 

poor adherence to medical recommendations,42 and misuse of alcohol and other 

substances.43-48 Food insecurity may lead to inadequate dietary intakes, poor diet quality, 

and disrupted eating patterns that result in suboptimal nutritional status.49-51 In fact, food 

insecurity is a predictor of poor diet quality and compromised nutritional status among 

U.S. adults even after accounting for the effect of poverty.52 Poor quality diets associated 

with food insecurity can result in inadequate intake of key nutrients and nutritional 

deficiencies, as well as increased risk for morbidity and mortality.9,53,54  

 On the other hand, food insecurity may contribute to chronic disease through its 

paradoxical association with obesity.55 Indeed, in the United States, energy intakes do not 

seem to be altered by food insecurity; rather, the differences in health outcomes seem to 
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stem from dietary habits and the quality of the diet. Zizza et al. reported that individuals 

who experienced food insecurity consumed fewer but larger meals and snacked on sweets 

more frequently than those who were food-secure, yet energy intakes did not differ.56 

Individuals from households with low food security, compared to those with full food 

security, tend to shop more frequently at convenience/dollar stores, which carry limited 

choices and fewer fresh foods (e.g. fruits and vegetables) than grocery stores and 

supermarkets.57 The differences in food shopping behaviors are often related to 

difficulties in transportation.57 Food insecurity is also associated with poor food literacy, 

thus food labels and other nutritional information material may not be effective in 

improving food choices among food-insecure individuals.50  

 Furthermore, food-insecure households are often forced to make tradeoffs between 

buying food or paying for other necessities, such as medical care and medications.58,59 At 

the same time, food insecurity is associated with increased healthcare utilization and 

higher health care expenditures.60-62  

Food Insecurity Among People Living with HIV 

 People living with HIV (PLWH) are disproportionately affected by food insecurity 

in both resource-poor and resource-rich settings.63 This is also seen in the United 

States,64-66 where the prevalence of HIV in poor urban areas is similar to those seen in 

low-income countries with HIV epidemics.67 Many PLWH in the United States are 

unemployed or disabled,67-69 contributing to financial instability and food insecurity. 

Likewise, food insecurity is associated with a higher prevalence of HIV. A study using 

1999-2012 NHANES data showed that men from food-insecure households were twice as 
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likely to be infected with HIV than those from food-secure households.70 Further, women 

living with HIV are at higher risk for food insecurity than men living with HIV.71  

 To be sure, food insecurity and HIV have a complex, multifaceted, and 

bidirectional relationship. Food insecurity can increase the risk for HIV infections and 

disease progression (usually measured as a rise in HIV-RNA copies and a decline in CD4 

cell counts), and in turn, HIV contributes to and reinforces food insecurity.63,72 Frega et 

al. described how food insecurity and HIV are interconnected at the community, 

household, and individual levels.72 Weiser et al. described nutritional, mental health, and 

behavioral pathways for the effect of food insecurity on HIV and vice versa.63 The 

bidirectional relationship between food insecurity and HIV is illustrated in Figure 2.1 and 

summarized below. Importantly, mental health, comorbidities, and HIV-related morbidity 

and mortality are at the intersection of food insecurity and HIV.  

 Food insecurity is thought to contribute to HIV transmissions through its 

association to financial stress and living conditions that lead to negative and unsafe 

coping behaviors, such as risky sexual practices (e.g. bartering sex for money or food)73,74 

and substance use, particularly injection drug use and needle-sharing.47,75,76 At the 

individual level, food insecurity can promote immunodeficiency by compromising 

nutritional status (e.g. malnutrition, nutrient deficiencies),39,77,78 thereby increasing 

vulnerability to HIV infection.79 Furthermore, food insecurity may increase the risk for 

HIV transmissions by making PLWH more infectious. Indeed, food insecurity is strongly 

associated with poor adherence to treatment,73,80 lower odds for viral suppression,81 and 

lower CD4 cell counts.82 
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Figure 2.1. Bidirectional Relationship Between Food Insecurity and HIV 
* The contribution of food insecurity to liver disease and cognitive impairment among PLWH are 
hypothesized in this dissertation. 
  

 HIV infection leads to incremental metabolic demands as the disease 

progresses,83,84 thus food insecurity may further compromise nutritional status in PLWH. 

Food insecurity can also contribute to non-AIDS-related co-morbidities,32,85 adding to the 

burden of morbidity and mortality in PLWH.86 Thus, food insecurity can promote 

immunodeficiency, HIV disease progression, and increase overall disease burden, 

ultimately lowering health-related quality of life87 and increasing mortality among 

PLWH. Given all of this, food insecurity may also be a barrier for the eradication of HIV. 

 On the other hand, HIV may promote food insecurity by impacting the availability, 

access, and utilization of food.72 A high prevalence of HIV in a community may decrease 

food availability by affecting overall productivity and increasing morbidity and mortality; 
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however, more evidence is needed to ascertain this link. At the household level, HIV-

related morbidity and mortality leads to losses in productivity and increased financial 

burdens that may affect access to food. At the individual level, HIV alters appetite, 

gastrointestinal function, energy expenditure, and metabolism, ultimately increasing 

nutritional demands which then may precipitate or exacerbate food insecurity. These 

HIV-related complications also promote morbidity and mortality among PLWH, which 

then may contribute to food insecurity at the community and household levels.63,72  

Nonalcoholic Fatty Liver Disease 

 Chronic liver disease is a significant cause of morbidity and mortality worldwide. 

Liver cirrhosis accounts for more than 2.4% (1.3 million) of annual deaths worldwide.88 

Liver cancers account for 8.2% (781,631) of all cancer-related deaths globally, the 

majority of those (75-85%) being hepatocellular carcinoma (HCC).89 In the United 

States, close to 2% of U.S. adults, or 4.5 million, were diagnosed with a chronic liver 

disease in 2018, a leading cause of mortality among U.S. adults 25 years of age and 

older.90 Furthermore, annual deaths in the United States due to liver cirrhosis and HCC 

increased by 65% and 217%, respectively, from 1999 to 2016.91 In Western countries, 

alcohol-associated liver disease and nonalcoholic fatty liver disease (NAFLD), rather 

than hepatitis viruses, are now the predominant causes of liver-related morbidity and 

mortality.92 This is largely due to the availability of hepatitis B virus (HBV) vaccines and 

effective antiviral treatments for HBV and hepatitis C virus (HCV).93 What is worse, the 

burden of fatty liver diseases is expected to rise.94-99  

 Nonalcoholic fatty liver disease (NAFLD) is an increasing public health concern 

that has paralleled the rising rates of obesity and other metabolic conditions, particularly 
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MetS − a cluster of conditions which may include abdominal obesity, hyperlipidemia, 

hypertension, and hyperglycemia.100 In fact, NAFLD has emerged as the most common 

liver disease in the United States and other Western countries.98,101-103 NAFLD is 

characterized by (1) evidence of hepatic steatosis (≥5% liver fat) and (2) absence of 

secondary causes for hepatic fat accumulation such as significant alcohol consumption 

(>21 drinks/week in men and >14 drinks/week in women), use of steatogenic medication, 

or hereditary disorders.104 The pathological spectrum of NAFLD encompasses 

nonalcoholic fatty liver (NAFL; or simple steatosis), nonalcoholic steatohepatitis 

(NASH), cirrhosis, and HCC. In addition to liver steatosis, NASH is characterized by the 

presence of inflammation and hepatocyte injury with or without fibrosis.104 Liver fibrosis 

(scar tissue) occurs as a consequence of necroinflammation and liver cell injury and may 

progress to cirrhosis and HCC. 

 Worldwide, the prevalence of NAFLD has been estimated at approximately 

25%.105 NAFLD is present in both high- and low-resource countries, but in the United 

States, the estimated prevalence is close to a third of all adults.106,107 This rate is in stark 

contrast to an estimated prevalence of 18% in 1988–1991.107 Among individuals with 

NAFLD, there is an estimated NASH prevalence of 30%108 and a 22.8% prevalence of 

advanced fibrosis.106 The prevalence of NASH-cirrhosis has increased two and a half 

times between 1999-2002 and 2009-2012.109 Moreover, the prevalence of NAFL and 

NASH are expected to rise by 21% and 63%, respectively, by the year 2030.96 

Subsequently, there will be a higher burden of cirrhosis and HCC.96 Despite the high 

prevalence of NAFLD, only about 5% of all individuals with NAFLD in the United 

States seem to be aware of their condition.106 
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 Recently, an International Consensus Panel proposed to replace the nomenclature 

of NAFLD to metabolic (dysfunction)-associated fatty liver disease (MAFLD) as it more 

closely reflects its pathological features and our growing understanding of fatty liver 

disease.110 Instead of defining NAFLD for what it is not (i.e. “nonalcoholic”, viral 

hepatitis, autoimmune), MAFLD identifies the disease from the underlying pathological 

processes. Nonetheless, others have urged for caution as the change in nomenclature 

might be premature.111 In light of a lack of consensus and the near ubiquitous use of 

“NAFLD/NASH” in the literature, the traditional nomenclature will be used throughout 

this text. 

NAFLD in People Living with HIV 

 People living with HIV are especially vulnerable to liver diseases.112 Historically, 

PLWH have been vulnerable to coinfection with HBV and HCV,113 as well as alcohol-

related liver disease due to a high prevalence of alcohol use disorder.114,115 Yet, as viral 

hepatitis infections are increasingly treated, the burden of fatty liver disease among 

PLWH has gained recognition.116 A meta-analysis of imaging studies showed a 35% 

prevalence of NAFLD among PLWH, with biopsy studies showing NASH in 42% and 

fibrosis in 22%.117 These estimates suggest that PLWH have a higher prevalence rate of 

NAFLD/NASH than the general population. Furthermore, PLWH are more susceptible to 

liver-related complications since HIV accelerates liver disease progression.112 

Assessment of NAFLD 

 Liver biopsy has been the cornerstone of diagnosis, assessment of prognosis, and 

therapeutic decision-making for liver diseases.118 However, liver biopsy is an invasive 

procedure that is costly and fraught with contraindications and potential health 
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complications.118 Furthermore, only 1/50,000th of the liver is sampled with biopsy,119 

adding concerns of sampling error. For these reasons, several non-invasive tests have 

been developed, which in general are more time- and cost-efficient, allowing for repeated 

assessments and monitoring of liver disease progression.120,121 These non-invasive 

assessments include biological and imaging assessments (Table 2.1). Nonetheless, most 

of these assessments are insufficiently sensitive or specific,122,123 and frequently used 

cutoffs may not be appropriate for all age and ethnic groups.124,125  

 Magnetic resonance imaging (MRI)-based assessments have emerged as highly 

accurate, but direct, non-invasive measures of liver steatosis and fibrosis.126-131 Chemical 

shift encoded MRI methods can differentiate protons in water and triglycerides.132 By 

quantifying the signals arising from water and fat in tissues, the proton density fat 

fraction can be calculated (PDFF) − defined as “the ratio of the density of mobile protons 

from triglycerides and the total density of protons from mobile triglycerides and mobile 

water” − and expressed as percentages.132 Thus, liver steatosis can be assessed with MRI-

PDFF, which demonstrates high correlation with liver steatosis grade and NAFLD 

activity score when compared with histologic assessment.133 However, histologic 

assessment remains the only available technique to differentiate NASH from simple 

steatosis.134 Magnetic resonance elastography (MRE) combines MRI with low-frequency 

shear waves (vibrations), the speed of which is dependent on the stiffness of tissues, to 

create an elastogram that can be used to quantify tissue stiffness through an inversion 

algorithm.135 Liver stiffness measurement by MRE is considered the most accurate 

noninvasive assessment of liver fibrosis, with sensitivity and specificity nearly equal to 

histological assessment.126  



32 

Natural History of NAFLD 

 The natural course of NAFLD is a highly dynamic process that has not been fully 

elucidated. The prevalence of NAFLD is highly associated with metabolic conditions, 

primarily obesity, type 2 diabetes, and the metabolic syndrome.104 In fact, historically, 

NAFLD has been generally considered the liver manifestation of metabolic syndrome.136 

However, new lines of evidence have shown NAFLD as both the cause and consequence 

of these metabolic conditions. For example, NAFLD has been associated with incident 

type 2 diabetes and metabolic syndrome,137,138 which are then predictors of NASH and 

fibrosis progression.139,140 Thus, the relationship between NAFLD and metabolic 

syndrome is better described as mutual and bidirectional. In addition to metabolic risk 

factors, age, male sex, and Hispanic ethnicity are risk factors (or risk modifiers) for 

NAFLD.141 Genetic variations also play an important role in NAFLD risk and disease 

progression. In particular, the rs738409 variant in human patatin‐like phospholipase 

domain containing 3 gene (PNPLA3) for adiponutrin has been extensively studied.142 

  The course of NAFLD is nonlinear and only a portion of NAFLD patients progress 

to advanced stages of liver disease. Initially, a meta-analysis of 11 paired-biopsy studies 

by Singh et al. suggested that NASH was associated with twice as rapid fibrosis 

progression compared to NAFL.143 Among 411 NAFLD patients, a total of 33.6% had 

progressive fibrosis (a 1-stage progression of fibrosis), while 43.1% remained stable and 

22.3% showed improvements. The fibrosis progression rates among patients with NAFL 

and NASH were 7.1 (95% CI 4.8–14.3) and 14.3 (9.1–50.0) years per stage, respectively. 

Furthermore, Singh et al. identified a subset of “rapid progressors;” 21% of NAFLD 

patients without fibrosis at baseline who progressed to advanced fibrosis (stage 3 or 4 
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fibrosis) over 5.9±3.7 years. However, NASH has repeatedly failed to predict fibrosis 

progression,139,144,145 possibly due to NASH not being a stable, fixed condition. In a study 

of 446 NAFLD patients with biopsies 4.9±2.8 years apart, Kleiner et al. found that 41.9% 

of those with NAFL at baseline progressed to borderline or definite NASH and 12.8% 

had complete resolution of NAFLD.145 Among those with definite NASH at baseline, 

31.5% showed regression to NAFL or borderline NASH and 10.9% had complete 

resolution of NAFLD.145 Similar to the findings by Singh et al., 33.9% of participants had 

fibrosis progression. NAFLD progression (NAFL to NASH, or borderline to definite 

NASH) was directly associated with fibrosis progression, whereas NAFLD regression 

was associated with improvement in fibrosis. Thus, Kleiner et al. showed that NASH can 

progress and regress over time and, subsequently, is not a good predictor of fibrosis 

progression. Rather, NAFLD disease activity, not the presence of NASH at any given 

point, predicts fibrosis progression. Likewise, liver fibrosis can progress and regress over 

time.143,145  

 Co-existing metabolic syndrome components contribute to NAFLD progression 

and NAFLD-related mortality. Hypertension143 and type 2 diabetes139,140 have been 

associated with fibrosis progression. Comorbid diabetes is associated with increased risk 

for cirrhosis and HCC.146,147 Both metabolic syndrome and diabetes can contribute to 

liver-related mortality in individuals with NAFLD.148 These relationships are particularly 

alarming given that 45-65% of individuals with type 2 diabetes also have NAFLD.149-151 

 Extrahepatic manifestations of liver disease result in the development or worsening 

of comorbidities, such as chronic kidney disease,152,153 type 2 diabetes,138,154 and 

cardiovascular disease.155,156 Common cardiac complications in NAFLD include coronary 



34 

artery disease (CAD), structural myocardial alterations, and cardiac arrythmias.156 Not 

surprisingly, NAFLD also leads to significant impairments in health-related quality of 

life.157,158 Furthermore, these metabolic comorbidities may limit eligibility for liver 

transplantation.159 

 NAFLD is associated with increased risks of liver-specific and all-cause 

mortality.160-163 NAFLD-related deaths in the United States have been increasing by an 

average of 2% annually, with cirrhosis and cardiovascular disease (CVD) being the 

leading causes of death among these.164 Hepatocellular carcinoma, the fourth leading 

cause of death overall, is the fastest growing cause of NAFLD-related death, with an 

average annual increase of 3.8%.164 While some studies have associated NASH with 

mortality,165 emerging evidence has shown that liver fibrosis, not NASH, is a predictor of 

mortality.166-168 These findings have been confirmed in a meta-analysis of 5 studies 

(N=1,495), which showed that the risk for all-cause mortality increased with fibrosis 

stage in a dose-response fashion.169 Additionally, liver-related mortality accounted for a 

greater proportion of all deaths in accordance to increased fibrosis stage. Indeed, liver-

related complications become the dominant cause of major health events in patients with 

cirrhosis, whereas vascular events and non-hepatic malignancies are predominant in those 

with bridging fibrosis (stage 3 per METAVIR scoring system).170  

Pathogenesis of NAFLD 

 Early research on NAFLD led to a “two-hit hypothesis,” which proposed that 

insulin resistance (IR) and obesity led to the accumulation of fatty acids in the liver (first 

hit), predisposing the liver to necroinflammation and oxidative stress (second hit), 

resulting in fibrogenesis.171 However, a “multiple-hit hypothesis” was later proposed 172 
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and has sustained its credibility.173 The multiple-hit theory describes the pathogenesis of 

NAFLD as a complex, dynamic interplay between behavioral, environmental, and genetic 

factors. Insulin resistance (IR), inflammation, and oxidative stress are some of the key 

mechanisms implicated in the development and progression of NAFLD. Sedentary 

behaviors and poor dietary habits contribute to IR, which in turn promotes the 

accumulation of fatty acids in hepatocytes, adipose tissue dysfunction, and inflammation. 

In the context of NAFL, the accumulation of free fatty acids in the liver, along with 

compromised disposal of fatty acids, lead to the formation of lipotoxic metabolites that 

result in inflammation and oxidative stress. As described earlier, individuals may 

fluctuate between NAFL and NASH over time, resulting in NASH being a poor predictor 

of NAFLD-related outcomes. However, NASH drives fibrogenesis, which is the most 

important prognostic factor for health outcomes in NAFLD.174  

Food Insecurity and NAFLD 

 A study using NHANES data from the 2005-2006 cohort found that individuals 

with marginal and low food security, combined, compared to those with high food 

security, had increased odds for self-reported liver problems (odds ratio [OR]: 2.06, 1.13–

3.79; p=0.022).175 However, to date, only Golovaty et al. have directly examined the 

relationship between food insecurity and nonalcoholic fatty liver disease (NAFLD).176 

The study used NHANES (2005-2014) data and included 2,627 adults with median age of 

43 (30–62) years, who lived below 200% of the federal poverty threshold, were 

seronegative for hepatitis B and C viruses, and reported no heavy drinking. NAFLD was 

assessed using the U.S. Fatty Liver Index177 and advanced liver fibrosis was determined 

with the NAFLD Fibrosis Score.178 In total, 29% of participants lived in food-insecure 
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households. The estimated prevalence of NAFLD was of 32% and that of advanced liver 

fibrosis was 5%. Food insecurity was significantly associated with higher odds of 

NAFLD (OR: 1.38, 95% CI: 1.08, 1.77; p<0.01) and advanced fibrosis (OR: 2.20, 95% 

CI: 1.27, 3.82; p<0.01), adjusted for sociodemographic (age, sex, household income, 

household size, ethnicity, education) and behavioral factors (alcohol and smoking 

history). Food insecurity was also significantly associated with higher odds of obesity 

and diabetes. Further analysis showed dose-response relationships between the severity 

of food insecurity and both NAFLD and advanced liver fibrosis. 

 The analysis by Golovaty et al. suggests that food insecurity may contribute to 

NAFLD prevalence among low-income U.S. adults. The relationship may be in part due 

to poor diet quality, which is often a consequence of food insecurity,39,179 and has been 

associated with increased risk for NAFLD.180-182 Moreover, in the United States, patients 

with chronic liver disease are more likely to be unemployed and disabled, and have 

higher health care expenditures than those without chronic liver disease.183 Thus, food 

insecurity may promote liver disease, and in turn, chronic liver diseases may increase 

vulnerability to financial instability and food insecurity. Nonetheless, the study is limited 

by its use of indirect indexes of liver disease. Moreover, whether the effect of food 

insecurity on NAFLD risk may differ for PLWH remains unknown. 

Cognitive Disorders in People Living with HIV 

 Advances in antiretroviral drugs have increased longevity for PLWH, leading to a 

growing prevalence of older adults living with HIV.184 In the United States, over half 

(51%) of all PLWH are now 50 years of age and older185 compared to 35% in 2010.186 As 

PLWH live longer, age-related comorbidities have become the primary causes of 
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morbidity and mortality among PLWH.187-191 Moreover, HIV infection results in 

accelerated immunosenescence, pre-mature aging,192-194 and the development of age-

associated conditions approximately a decade earlier than HIV-uninfected peers.195,196 

Among these conditions are neurocognitive disorders (NCDs), which despite advances in 

treatments, continue to affect a significant portion of PLWH.197  

 “Cognitive impairment” is a broad term used to describe losses in mental functions, 

whereas “neurocognitive impairment” (NCI) emphasizes underlying structural or 

metabolic brain disruptions that can be objectively measured.198,199 The American 

Psychiatric Association’s Diagnostic and Statistical Manual (DSM-5) recognizes 

delirium, mild NCDs, and major NCDs (i.e. dementia) that are acquired, rather than 

developmental, and represent a loss of cognitive function.200 The DSM-5 defines NCDs 

as affecting one or more of the following cognitive domains: complex attention, 

executive function, learning and memory, language, perceptual-motor function, and 

social cognition.200 Numerous etiologies for NCDs are delineated, including NCD due to 

HIV infection. The term HIV-associated neurocognitive disorders (HAND) encompasses 

the different neuropathological complications of HIV.201 The most widely used 

diagnostic criteria identifies three distinct categories of HAND: asymptomatic 

neurocognitive impairment (ANI), mild neurocognitive disorder (MND), and HIV-

associated dementia.202 Thanks to widespread use of ART, HIV-associated dementia is 

now relatively rare with a 2-4% prevalence.197 However, mild cognitive impairments 

have been reported in up to 50% of PLWH, depending on prior or current AIDS 

diagnosis,197 and persist despite long-term viral suppression.203 That said, some have 
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expressed concerns about the clinical validity of ANI,204 and more conservative 

diagnostic criteria estimates the prevalence of HAND around 14-28%.205  

 HIV infection directly contributes to cognitive dysfunctions. HIV-associated 

cognitive impairments are most frequently related to executive dysfunction, particularly 

affecting working memory.206 The neurodegenerative effects of HIV infection are 

thought to occur, at least in part, through its pro-inflammatory properties.207-209 A number 

of studies have indicated a role of increased levels of pro-inflammatory cytokines in 

cognitive impairment and decline.210,211 HIV infection results in hyper-activation of the 

immune system, persistent inflammation, and elevated production of pro-inflammatory 

cytokine/chemokines from monocytes and macrophages.212-214 Indeed, several studies 

have supported the association between pro-inflammatory cytokines and HIV-related 

neurodegeneration.215-220 

 Nonetheless, other factors contribute to cognitive impairments in PLWH. 

Depression is highly and disproportionately prevalent among PLWH221 and contributes to 

substantial cognitive impairments in this population.222 Liver disease, a major cause of 

morbidity and mortality among PLWH,223 has been associated with NCI in PLWH, even 

in the absence of viral hepatitis.224-226 Yet, co-infection with hepatitis C virus (HCV) is 

common among PLWH227 and is itself associated with cognitive impairments228,229 

irrespective of advanced liver disease, cirrhosis, or substance abuse.230,231 That said, those 

who are HIV/HCV co-infected show greater cognitive deficits than HIV and HCV mono-

infected individuals.232,233 

 Furthermore, nutritional risk factors such as food insecurity, malnutrition, and 

obesity may contribute to cognitive impairments in PLWH. Food insecurity65 and 
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obesity234 are prevalent among PLWH, and food insecurity has been associated with both 

malnutrition and obesity in PLWH.79,235 Food insecurity236 and obesity237,238 have been 

identified as risk factors for cognitive impairment in PLWH, while underweight has been 

associated with progression of mild cognitive impairment to dementia in HIV-uninfected 

elderly.239 Others have reported associations between decreased cognitive function and 

central (abdominal) obesity, as measured by waist circumference or waist-to-hip ratio.240-

242 Additionally, obesity is tightly associated with fatty liver and is a risk factor for 

progression of liver disease to cirrhosis,243 further contributing to the risk for cognitive 

impairment.  

Assessment of Cognitive Impairment 

 Neuropsychological assessments are the primary diagnostic measures for NCDs. 

Cognitive assessments are designed to evaluate specific cognitive domains in an 

objective, quantitative, and standardized manner. They can be administered non-

invasively and are able to detect early signs of cognitive decline in patients unaware of 

their own cognitive functioning or those that may not present with physical signs of a 

neurodegenerative disease. Neuropsychological batteries are employed to evaluate broad 

cognitive function in multiple domains. However, neuropsychological batteries are time-

intensive, must be administered by a trained professional, and are not necessary for all 

patients suspected of NCI. Consequently, several screening tools have been designed to 

assess global mental status in clinical settings, with low burden to patients and healthcare 

providers, allowing for monitoring of cognitive decline with repeated assessments over 

time.244,245 The most widely used and well-studied cognitive assessment tool for 

screening NCDs is the Mini-Mental State Examination (MMSE).246 A comprehensive 
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meta-analysis of 108 cohort studies and 10,263 patients by Tsoi et al. found that the 

MMSE had a sensitivity and specificity of 81% and 89%, respectively, for the detection 

of dementia.244 However, Tsoi et al. also found that data from 21 cohort studies yielded a 

62% sensitivity and 87% specificity for mild NCD using the MMSE.244 Indeed, cognitive 

assessment screening tools are insufficiently sensitive to mild NCD. As a general 

guideline, mild cognitive impairment is considered when performance on cognitive 

testing that falls between 1-2 standard deviations (SD) below the mean.198 Importantly, 

these screening measures cannot diagnose NCDs − a positive result requires further 

testing.  

Food Insecurity and Cognitive Impairment 

 Overall, studies show that food insecurity is associated with cognitive impairments. 

Some studies have associated food insecurity in early life with cognitive impairments in 

older age.247-249 The adverse effect of food insecurity on cognitive outcomes has been 

reported in poor-resource countries.248,250,251 Table 2.2 summarizes the available literature 

on food insecurity and cognitive impairment from studies conducted in the United States 

In a sample of 350 homeless older adults, cognitive impairment was associated with 

greater odds of VLFS (adjusted OR: 2.21, 95% CI 1.12−4.35).252 Gao et al. investigated 

the relationship between food insecurity and cognitive function among 1,358 Hispanic 

adults of ages 45−75 years from the Boston Puerto Rican Health Study (BPRHS).253 Very 

low food insecurity was associated with lower MMSE scores (adjusted means 22.5±0.4 

vs 23.4±0.1, p<0.001) and higher odds for cognitive impairment (adjusted OR: 2.28; 95% 

CI: 1.26, 4.12). On the MMSE subscales, food insecurity was associated with lower 

scores on executive function (p=0.003 for trend), but not memory or attention. The 
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investigators also performed a neurocognitive battery and food insecurity was associated 

with lower scores for word-list learning, percentage retention, letter fluency, and digit 

span backward. In a subsequent study from the BPRHS, Wong et al. used a longitudinal 

design to assess the relationship between food insecurity and changes in cognitive 

function over a 2-year period.254 The study included 597 Hispanic adults ages 45−75 

years, without cognitive impairment (MMSE ≥ 24) at baseline. Food insecurity, measured 

only at baseline, was associated with a 2-year decline in global cognition, even after 

adjustment for sociodemographic characteristics, baseline MMSE score, BMI, and 

depression symptoms. Again, VLFS was associated with a decline in executive function, 

but was not associated with changes in the memory domain. Furthermore, the 

investigators observed that the association between food insecurity and global cognitive 

decline was more pronounced in participants with baseline MMSE ≥ 27 or those who 

lived in poverty. 

 Frith & Loprinzi used NHANES 1999-2002 data from 1,851 older adults (60−85 

years old) to assess the effect of food insecurity on cognitive function, as measured by the 

Digital Symbol Substitution Test.255 The results of the study showed lower cognitive 

function in participants with marginal, low, and VLFS compared to participants who 

were fully food-secure. Although the study was limited by its use of a single cognitive 

measure, a later study by Portela-Parra & Leung showed similar results using a more 

robust cognitive assessment. Using NHANES 2011−2014 data from 1,823 older adults 

with incomes below 300% of the federal poverty level, Portela-Parra & Leung found that 

food insecurity was inversely associated with cognitive function.256 Specifically, food 

insecurity was associated with worse performance on processes related to executive 
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function: processing speed, sustained attention, verbal fluency, working memory, and 

immediate learning ability. 

Food Insecurity and Cognitive Impairment in PLWH 

 Despite the high prevalence of food insecurity and cognitive impairments among 

PLWH, only two cross-sectional studies have examined how food insecurity may 

contribute to cognitive impairment in PLWH. In a study by Hessol et al., food insecurity 

was not associated with cognitive impairment as determined with the Montreal Cognitive 

Assessment (MoCA) in 229 PLWH ages 50 years and older.257 On the other hand, 

Hobkirk et al. used a neurocognitive battery to assess the effects of food insecurity on the 

neurocognitive performance of 61 PLWH and 36 HIV-uninfected middle-aged adults.236 

The investigators found significant interaction effects of HIV and food insecurity on 

speed of information processing, learning, memory, and motor function, as well as a 

global deficit score−an average of the deficit scores for all domains. Among PLWH, food 

insecurity was associated with significantly higher domain deficit scores in the domains 

of speed of information processing, learning, motor function, and the global deficit score, 

but not memory. On the other hand, there were no significant differences in domain 

deficit scores in relation to food insecurity among participants uninfected with HIV; 

however, this may be a result of the small sample size. Moreover, food insecurity was not 

associated with viral load suppression, nadir or recent CD4 cell count, length of HIV 

infection, AIDS diagnosis, HCV infection, or ART adherence, suggesting that the effects 

of food insecurity were independent of these factors. 

 These studies demonstrate a need for further research to understand the relationship 

between food insecurity and cognitive impairment in PLWH. The lack of findings by 
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Hessol et al.257 may be due to insufficient sensitivity of screening assessments for mild258 

or HIV-associated cognitive impairments.259 While the findings by Hobkirk et al. provide 

robust evidence for the effect of food insecurity on cognitive dysfunction, the small 

sample of HIV-uninfected participants does not allow to infer that this effect differs in 

PLWH from HIV-uninfected persons.236 Additionally, the cross-sectional design does 

now allow for temporality to be established. 

 Although the findings are generally consistent, the existing evidence is limited by 

heterogeneity in samples, food insecurity measurements, and time-frames.260 Few 

longitudinal studies are available, and none have applied multiple food insecurity 

measures to determine the effects of frequency and duration of food insecurity on 

cognitive impairment. 

Immune Activation in HIV Infection 

 Infection with HIV results in chronic activation of the immune system. While 

activation of immune responses is beneficial in removing pathogens and resolving 

infectious processes, chronic activation can be deleterious.261 Left untreated, rapid and 

persistent HIV replication leads to progressive immunodeficiency, accelerated immune 

senescence (age-associated decline in immune function), and the development of 

AIDS.192,262 Modern ART has been effective at controlling viral replication and 

improving longevity for PLWH.263,264 Nonetheless, persistent immune activation and 

inflammation, even with effective ART and virologic suppression,265,266 contribute to 

high rates of chronic comorbidities among PLWH, including cardiovascular disease, type 

2 diabetes, liver disease, non-AIDS-defining cancers, and HIV-associated neurocognitive 

disorders.267-276 
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 One of the major mechanisms thought to contribute to systemic immune activation 

in PLWH is the infiltration of pathogens and other toxic microbial products through the 

intestinal epithelial barrier, known as microbial translocation.277,278 Early in the infection, 

HIV targets CD4+ T-cells in the gut-associated lymphoid tissue, where the majority of 

immune cells reside in the human body.279 Subsequently, HIV weakens gut integrity, 

leading to microbial translocation and an inflammatory cascade.  

Biomarkers of Immune Activation 

 Monocytes and macrophages play an essential role in innate immunity against 

pathogens and contribute to adaptive, long-term immunity. These cells promote 

phagocytosis, release reactive oxygen species (ROS), produce inflammatory cytokines, 

and modulate T-cell immune response.280 Inflammatory conditions, such as 

atherosclerosis, stimulate circulating (inactive) monocytes, leading to macrophage 

polarization into M1 (pro-inflammatory) or M2 (anti-inflammatory) phenotypes, 

depending on the stimuli.281 Therefore, activation of monocytes and macrophages is 

critical in immune responses to acute stimuli, but chronic activation leads to adverse 

downstream effects. Several blood biomarkers of monocyte/macrophage activation have 

shown great prognostic value for health outcomes in PLWH. In particular, sCD14 and 

sCD163 have been well-characterized in the context of HIV.282 

 Soluble CD14 (sCD14) is shed by CD14-expressing monocytes after stimulation by 

lipopolysaccharide (LPS), also known as endotoxin, a marker of microbial translocation 

derived from the cell wall of gram-negative bacteria.283 Consequently, sCD14 highly 

correlates with LPS levels284,285 and serves as an indirect, yet non-specific marker of 

microbial translocation.277,283 Elevated levels of sCD14 persist during effective 
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suppressive ART and correlate with HIV disease progression.283,286 Additionally, 

elevated sCD14 has been associated with several chronic conditions, including 

cardiovascular disease,287-289 chronic kidney disease,290 alcoholic and nonalcoholic liver 

diseases,291-295 dementia296 and HIV-associated neurocognitive disorders,276 as well as 

mortality in PLWH.297,298 

 CD163, also known as hemoglobin scavenger receptor, is expressed almost 

exclusively on monocytes and macrophages.299,300 Shedding of sCD163 in plasma has 

been implicated in chronic inflammatory conditions.299,300 Effective ART decreases 

sCD163 levels in PLWH, but these only return to HIV-seronegative levels among those 

who initiate ART early in the infection.286,301 Consequently, sCD163 serves as a marker 

of HIV disease progression, correlated directly with HIV viral loads and inversely with 

CD4 cell count,301 and shown to predict mortality in PLWH.302 Moreover, sCD163 serves 

as a marker of Kupffer cell activation that is highly correlated with liver disease severity 

and mortality.303 Elevated sCD163 was associated with advanced liver fibrosis and 

cytokeratin-18 (a marker of hepatocyte apoptosis) among histologically-determined 

NAFLD patients.304 In one study, levels of sCD163 in plasma, but not in cerebrospinal 

fluid (CSF), correlated with the severity of HAND.305 In another study, however, levels 

of sCD163 in cerebrospinal fluid were inversely correlated with cognitive function.306  

 Another useful biomarker is CD27, a transmembrane glycoprotein of the tumor 

necrosis factor receptor (TNF-R) family that is expressed on peripheral T and B 

lymphocytes.307 Soluble CD27 is secreted by antigen-stimulated T-cells, thus considered 

a direct marker of early-stage T-cell activation. Levels of sCD27 are responsive to ART 
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but remain elevated in HIV infection, correlate with HIV disease progression, and have 

been particularly associated with AIDS-associated lymphoma.265,307-310  

 

Food Insecurity and Immune Dysfunction in HIV 

 Several lines of evidence have linked food insecurity with inflammation and 

immune dysregulation (Table 2.3). Studies conducted with NHANES data have 

consistently demonstrated that food insecurity is associated with elevated levels of C-

reactive protein (CRP), a common marker of systemic inflammation.311-313 Moreover, 

Gowda et al. showed that the relationship between food insecurity and CRP was partially 

mediated by elevated white blood cell counts, suggesting a potential role of immune 

activation.311 Also using NHANES data, Bergmans et al. reported on the association 

between food insecurity and the inflammatory potential of the diet, showing a dose-

response relationship between the severity of food insecurity and Dietary Inflammatory 

Index (DII) scores.314 Based on a meta-analysis of 1,943 studies, the DII was designed to 

assess the impact of diets on the following six inflammation biomarkers: interleukin(IL)-

1β, IL-4, IL-6, IL-10, tumor necrosis factor-alpha (TNF-α), and CRP.315  

 Recently, the Women’s Interagency HIV Study (WIHS) has associated food 

insecurity with inflammation and immune dysregulation in women living with HIV on 

stable ART.316,317 Leddy et al. showed that food insecurity was significantly associated 

with higher concentrations of pro-inflammatory cytokines IL-6 and TNFR-1.316 Peters et 

al. found that food insecurity was associated with increased CD4+ and CD8+ activation 

(%CD38+HLADR+), increased senescence of CD8+ T cells (%CD57+CD28−), 

increased exhaustion of CD4+ T cells (%PD-1+), and decreased co-stimulation of CD4+ 
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and CD8+ T cells (%CD57− CD28+), after adjusting for confounders.317 These 

association were particularly pronounced among those with higher viral loads and lower 

CD4 cell counts. 

 The associations between food insecurity and markers of inflammation and 

immune dysregulation point to a biological pathway between food insecurity and chronic 

disease. For example, among 121 Latinos with type 2 diabetes, cortisol and CRP partially 

mediated the relationship between food insecurity and insulin resistance, the precursor to 

type 2 diabetes.40 Notably, insulin resistance is a key pathological mechanism in NAFLD 

development and progression,173,318 a relationship likely mediated by inflammation.319 

Insulin resistance is also associated with cognitive dysfunction320 and cognitive 

decline.321 In another study, food insecurity was associated with the primary allostatic 

system (neuroendocrine and inflammatory), which incorporated serum cortisol and CRP 

as biomarkers of stress and inflammation, respectively.322 Thus, the overall findings of 

these studies suggest that food insecurity has the potential to promote immune activation 

(and inflammation) among PLWH, and thereby contribute to chronic diseases, including 

NAFLD and cognitive dysfunction, in this population.  

 
Summary of Literature Review 

 Food insecurity is an important social determinant of health that disproportionately 

impacts PLWH. Already at increased risk for nutrition-related complications, chronic 

metabolic diseases, and mental health disorders, food insecurity may have a significant 

impact on the disease burden of PLWH. While food insecurity has been associated with 

NAFLD risk factors, such as obesity, diabetes, and the metabolic syndrome, only one 
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study has examined its association with NAFLD using indirect indexes of liver disease.176 

Whether food insecurity contributes to NAFLD in PLWH, a population at increased risk 

for liver disease,112,116 poor diet,323 and their related consequences, has not been 

previously investigated. There is evidence that food insecurity is associated with 

cognitive impairments; however, only one cross-sectional study has previously examined 

how food insecurity impacts cognitive function in PLWH.236 Moreover, few longitudinal 

studies are available in this area of research, and no studies have examined the role of 

transient or persistent food insecurity on cognition. 

 Several mechanisms are thought to mediate the relationship between food 

insecurity and chronic diseases. Poor diet quality, unhealthy eating behaviors, and 

negative coping mechanisms have been suggested to play a role in the effects of food 

insecurity on health outcomes. Some studies have also indicated that inflammation may 

be a potential biological pathway in this relationship. However, the relationship between 

food insecurity and immune activation, considered a key factor in adverse health 

outcomes among PLWH, has not been examined.  

  



49 

References 

1. Schroeder K, Smaldone A. Food insecurity: A concept analysis. Nurs Forum. Oct-
Dec 2015;50(4):274-84. doi:10.1111/nuf.12118 

2. Decker D, Flynn M. Food insecurity and chronic disease: Addressing food access 
as a healthcare issue. R I Med J (2013). May 1 2018;101(4):28-30.  

3. FAO I, UNICEF, WFP and WHO. The State of Food Security and Nutrition in the 
World 2020. Transforming food systems for affordable healthy diets. FAO; 2020. 

4. Seligman HK, Berkowitz SA. Aligning programs and policies to support food 
security and public health goals in the United States. Annu Rev Public Health. Apr 1 
2019;40(1):319-337. doi:10.1146/annurev-publhealth-040218-044132 

5. Darmon N, Drewnowski A. Contribution of food prices and diet cost to 
socioeconomic disparities in diet quality and health: a systematic review and analysis. 
Nutr Rev. Oct 2015;73(10):643-60. doi:10.1093/nutrit/nuv027 

6. Coleman-Jensen A, Rabbitt MP, Gregory CA, Singh A. Household food security in 
the United States in 2019. 2020. ERR-275. https://www.ers.usda.gov/publications/pub-
details/?pubid=99281 

7. Balistreri KS. A decade of change: Measuring the extent, depth and severity of 
food insecurity. J Fam Econ Issues. Sep 2016;37(3):373-382. doi:10.1007/s10834-016-
9500-9 

8. Fitzpatrick KM, Harris C, Drawve G, Willis DE. Assessing food insecurity among 
US adults during the COVID-19 pandemic. J Hunger Environ Nutr. 2020;16(1):1-18. 
doi:10.1080/19320248.2020.1830221 

9. Holben DH, Marshall MB. Position of the Academy of Nutrition and Dietetics: 
Food insecurity in the United States. J Acad Nutr Diet. Dec 2017;117(12):1991-2002. 
doi:10.1016/j.jand.2017.09.027 

10. Nord M, Coleman-Jensen A, Gregory C. Prevalence of U.S. food insecurity is 
related to changes in unemployment, inflation, and the price of food. 2014. Accessed 
February 23, 2020. https://www.ers.usda.gov/publications/pub-details/?pubid=45216 

https://www.ers.usda.gov/publications/pub-details/?pubid=99281
https://www.ers.usda.gov/publications/pub-details/?pubid=99281
https://www.ers.usda.gov/publications/pub-details/?pubid=99281
https://www.ers.usda.gov/publications/pub-details/?pubid=45216
https://www.ers.usda.gov/publications/pub-details/?pubid=45216


50 

11. Tarasuk VS. Household food insecurity with hunger is associated with women's 
food intakes, health and household circumstances. J Nutr. Oct 2001;131(10):2670-6. 
doi:10.1093/jn/131.10.2670 

12. Frequency of food insecurity. USDA, Economic Research Service. Updated 
September 4, 2019. Accessed February 23, 2020. https://www.ers.usda.gov/topics/food-
nutrition-assistance/food-security-in-the-us/frequency-of-food-insecurity/ 

13. Nord M. To what extent is food insecurity in US households frequent or persistent? 
J Hunger Environ Nutr. 2013/04/03 2013;8(2):109-127. 
doi:10.1080/19320248.2013.786665 

14. Coleman-Jensen A, Rabbitt MP, Gregory CA, Singh A. Household food security in 
the United States in 2018. 2019. ERR-270. https://www.ers.usda.gov/publications/pub-
details/?pubid=94848 

15. Carlson S. More adequate SNAP benefits would help millions of participants better 
afford food. 2019. July 30, 2019. Accessed April 22, 2020. 
https://www.cbpp.org/research/food-assistance/more-adequate-snap-benefits-would-help-
millions-of-participants-better 

16. Choi SK, Fram MS, Frongillo EA. Very low food security in US households is 
predicted by complex patterns of health, economics, and service participation. J Nutr. 
2017;147(10):1992-2000. doi:10.3945/jn.117.253179 

17. Wilde PE, Ranney CK. The Monthly Food Stamp Cycle: Shopping frequency and 
food intake decisions in an endogenous switching regression framework. Am J Agr Econ. 
Feb 2000;82(1):200-213. doi:10.1111/0002-9092.00016 

18. Hamrick KS, Andrews M. SNAP participants' eating patterns over the benefit 
month: A time use perspective. PLoS One. 2016;11(7):e0158422. 
doi:10.1371/journal.pone.0158422 

19. Jones AD, Ngure FM, Pelto G, Young SL. What are we assessing when we 
measure food security? A compendium and review of current metrics. Adv Nutr. Sep 1 
2013;4(5):481-505. doi:10.3945/an.113.004119 

20. Frongillo EA, Jr. Validation of measures of food insecurity and hunger. J Nutr. Feb 
1999;129(2S Suppl):506S-509S. doi:10.1093/jn/129.2.506S 

https://www.ers.usda.gov/topics/food-nutrition-assistance/food-security-in-the-us/frequency-of-food-insecurity/
https://www.ers.usda.gov/topics/food-nutrition-assistance/food-security-in-the-us/frequency-of-food-insecurity/
https://www.ers.usda.gov/topics/food-nutrition-assistance/food-security-in-the-us/frequency-of-food-insecurity/
https://www.ers.usda.gov/publications/pub-details/?pubid=94848
https://www.ers.usda.gov/publications/pub-details/?pubid=94848
https://www.ers.usda.gov/publications/pub-details/?pubid=94848
https://www.cbpp.org/research/food-assistance/more-adequate-snap-benefits-would-help-millions-of-participants-better
https://www.cbpp.org/research/food-assistance/more-adequate-snap-benefits-would-help-millions-of-participants-better
https://www.cbpp.org/research/food-assistance/more-adequate-snap-benefits-would-help-millions-of-participants-better


51 

21. Opsomer JD, Jensen HH, Pan S. An evaluation of the U.S. Department of 
Agriculture food security measure with generalized linear mixed models. J Nutr. Feb 
2003;133(2):421-7. doi:10.1093/jn/133.2.421 

22. Melgar-Quinonez H, Hackett M. Measuring household food security: the global 
experience. Rev Nutri. 2008;21:27s-37s. doi:10.1590/S1415-52732008000700004 

23. Bickel G, Nord M, Price C, Hamilton W, Cook J. Guide to measuring household 
food security, revised 2000. 2000. https://www.ers.usda.gov/topics/food-nutrition-
assistance/food-security-in-the-us/survey-tools/#guide 

24. Vercammen KA, Moran AJ, McClain AC, Thorndike AN, Fulay AP, Rimm EB. 
Food security and 10-year cardiovascular disease risk among U.S. adults. Am J Prev 
Med. May 2019;56(5):689-697. doi:10.1016/j.amepre.2018.11.016 

25. Cook JT, Black M, Chilton M, et al. Are food insecurity's health impacts 
underestimated in the U.S. population? Marginal food security also predicts adverse 
health outcomes in young U.S. children and mothers. Adv Nutr. Jan 1 2013;4(1):51-61. 
doi:10.3945/an.112.003228 

26. Parker ED, Widome R, Nettleton JA, Pereira MA. Food security and metabolic 
syndrome in U.S. adults and adolescents: findings from the National Health and Nutrition 
Examination Survey, 1999-2006. Ann Epidemiol. May 2010;20(5):364-70. 
doi:10.1016/j.annepidem.2010.02.009 

27. Ford ES. Food security and cardiovascular disease risk among adults in the United 
States: findings from the National Health and Nutrition Examination Survey, 2003-2008. 
Prev Chronic Dis. 2013;10:E202-E202. doi:10.5888/pcd10.130244 

28. Coleman-Jensen AJ. U.S. Food insecurity status: Toward a refined definition. Soc 
Indic Res. 2010/01/01 2009;95(2):215-230. doi:10.1007/s11205-009-9455-4 

29. USDA-ERS. Definitions of Food Security. United States Department of 
Agriculture-Economic Research Service. Updated September 9, 2020. Accessed 
November 18, 2020, 2020. https://www.ers.usda.gov/topics/food-nutrition-
assistance/food-security-in-the-us/definitions-of-food-security/ 

30. Lee JS, Gundersen C, Cook J, Laraia B, Johnson MA. Food insecurity and health 
across the lifespan. Adv Nutr. Sep 1 2012;3(5):744-5. doi:10.3945/an.112.002543 

https://www.ers.usda.gov/topics/food-nutrition-assistance/food-security-in-the-us/survey-tools/#guide
https://www.ers.usda.gov/topics/food-nutrition-assistance/food-security-in-the-us/survey-tools/#guide
https://www.ers.usda.gov/topics/food-nutrition-assistance/food-security-in-the-us/survey-tools/#guide
https://www.ers.usda.gov/topics/food-nutrition-assistance/food-security-in-the-us/definitions-of-food-security/
https://www.ers.usda.gov/topics/food-nutrition-assistance/food-security-in-the-us/definitions-of-food-security/
https://www.ers.usda.gov/topics/food-nutrition-assistance/food-security-in-the-us/definitions-of-food-security/


52 

31. Gundersen C, Ziliak JP. Food insecurity and health outcomes. Health Aff 
(Millwood). Nov 2015;34(11):1830-9. doi:10.1377/hlthaff.2015.0645 

32. Laraia BA. Food insecurity and chronic disease. Adv Nutr. Mar 1 2013;4(2):203-
12. doi:10.3945/an.112.003277 

33. Pooler JA, Hartline-Grafton H, DeBor M, Sudore RL, Seligman HK. Food 
insecurity: A key social determinant of health for older adults. J Am Geriatr Soc. Mar 
2019;67(3):421-424. doi:10.1111/jgs.15736 

34. Healthy People 2020. U.S. Department of Health and Human Services, Office of 
Disease Prevention and Health Promotion. Accessed 4/8/2020, 2020. 
https://www.healthypeople.gov/2020/topics-objectives/topic/social-determinants-
health/interventions-resources/food-insecurity 

35. Gregory CA, Coleman-Jensen A. Food insecurity, chronic disease, and health 
among working-age adults, ERR-235. 2017. https://purl.fdlp.gov/GPO/gpo83486 

36. Bruening M, Dinour LM, Chavez JBR. Food insecurity and emotional health in the 
USA: A systematic narrative review of longitudinal research. Public Health Nutr. Dec 
2017;20(17):3200-3208. doi:10.1017/S1368980017002221 

37. Zekeri AA. Food insecurity and maternal mental health among African American 
single mothers living with HIV/AIDS in the Alabama black belt. J Health Care Poor 
Underserved. 2019;30(4S):151-159. doi:10.1353/hpu.2019.0124 

38. Allen NL, Becerra BJ, Becerra MB. Associations between food insecurity and the 
severity of psychological distress among African-Americans. Ethnicity & health. Jul 
2018;23(5):511-520. doi:10.1080/13557858.2017.1280139 

39. Hanson KL, Connor LM. Food insecurity and dietary quality in US adults and 
children: a systematic review. Am J Clin Nutr. Aug 2014;100(2):684-92. 
doi:10.3945/ajcn.114.084525 

40. Bermudez-Millan A, Wagner JA, Feinn RS, et al. Inflammation and stress 
biomarkers mediate the association between household food insecurity and insulin 
resistance among Latinos with type 2 diabetes. J Nutr. Jun 1 2019;149(6):982-988. 
doi:10.1093/jn/nxz021 

https://www.healthypeople.gov/2020/topics-objectives/topic/social-determinants-health/interventions-resources/food-insecurity
https://www.healthypeople.gov/2020/topics-objectives/topic/social-determinants-health/interventions-resources/food-insecurity
https://www.healthypeople.gov/2020/topics-objectives/topic/social-determinants-health/interventions-resources/food-insecurity
https://purl.fdlp.gov/GPO/gpo83486
https://purl.fdlp.gov/GPO/gpo83486


53 

41. Walker RJ, Williams JS, Egede LE. Pathways between food insecurity and 
glycaemic control in individuals with type 2 diabetes. Public Health Nutr. Dec 
2018;21(17):3237-3244. doi:10.1017/S1368980018001908 

42. Heerman WJ, Wallston KA, Osborn CY, et al. Food insecurity is associated with 
diabetes self-care behaviours and glycaemic control. Diabet Med. Jun 2016;33(6):844-50. 
doi:10.1111/dme.12896 

43. Baer TE, Scherer EA, Fleegler EW, Hassan A. Food insecurity and the burden of 
health-related social problems in an urban youth population. J Adolesc Health. Dec 
2015;57(6):601-7. doi:10.1016/j.jadohealth.2015.08.013 

44. Bergmans RS, Coughlin L, Wilson T, Malecki K. Cross-sectional associations of 
food insecurity with smoking cigarettes and heavy alcohol use in a population-based 
sample of adults. Drug Alcohol Depend. Dec 1 2019;205:107646. 
doi:10.1016/j.drugalcdep.2019.107646 

45. Davison KM, Holloway C, Gondara L, Hatcher AS. Independent associations and 
effect modification between lifetime substance use and recent mood disorder diagnosis 
with household food insecurity. PLoS One. 2018;13(1):e0191072. 
doi:10.1371/journal.pone.0191072 

46. Whittle HJ, Sheira LA, Frongillo EA, et al. Longitudinal associations between food 
insecurity and substance use in a cohort of women with or at risk for HIV in the United 
States. Addiction. Jan 2019;114(1):127-136. doi:10.1111/add.14418 

47. McLinden T, Moodie EEM, Harper S, et al. Injection drug use, food insecurity, and 
HIV-HCV co-infection: a longitudinal cohort analysis. AIDS Care. Oct 
2018;30(10):1322-1328. doi:10.1080/09540121.2018.1465171 

48. Strike C, Rudzinski K, Patterson J, Millson M. Frequent food insecurity among 
injection drug users: Correlates and concerns. BMC Public Health. Dec 8 2012;12:1058. 
doi:10.1186/1471-2458-12-1058 

49. Butcher LM, Ryan MM, O'Sullivan TA, Lo J, Devine A. Food-insecure 
household's self-reported perceptions of food labels, product attributes and consumption 
behaviours. Nutrients. Apr 12 2019;11(4)doi:10.3390/nu11040828 



54 

50. Begley A, Paynter E, Butcher LM, Dhaliwal SS. Examining the association 
between food literacy and food insecurity. Nutrients. Feb 20 
2019;11(2)doi:10.3390/nu11020445 

51. Stinson EJ, Votruba SB, Venti C, Perez M, Krakoff J, Gluck ME. Food insecurity 
is associated with maladaptive eating behaviors and objectively measured overeating. 
Obesity (Silver Spring). Dec 2018;26(12):1841-1848. doi:10.1002/oby.22305 

52. Bhattacharya J, Currie J, Haider S. Poverty, food insecurity, and nutritional 
outcomes in children and adults. J Health Econ. Jul 2004;23(4):839-62. 
doi:10.1016/j.jhealeco.2003.12.008 

53. Davison KM, Gondara L, Kaplan BJ. Food insecurity, poor diet quality, and 
suboptimal intakes of folate and iron are independently associated with perceived mental 
health in Canadian adults. Nutrients. Mar 14 2017;9(3)doi:10.3390/nu9030274 

54. Morales ME, Berkowitz SA. The relationship between food insecurity, dietary 
patterns, and obesity. Curr Nutr Rep. Mar 2016;5(1):54-60. doi:10.1007/s13668-016-
0153-y 

55. Dhurandhar EJ. The food-insecurity obesity paradox: A resource scarcity 
hypothesis. Physiol Behav. Aug 1 2016;162:88-92. doi:10.1016/j.physbeh.2016.04.025 

56. Zizza CA, Duffy PA, Gerrior SA. Food insecurity is not associated with lower 
energy intakes. Obesity (Silver Spring). Aug 2008;16(8):1908-13. 
doi:10.1038/oby.2008.288 

57. Ma X, Liese AD, Hibbert J, Bell BA, Wilcox S, Sharpe PA. The association 
between food security and store-specific and overall food shopping behaviors. J Acad 
Nutr Diet. Dec 2017;117(12):1931-1940. doi:10.1016/j.jand.2017.02.007 

58. Herman D, Afulani P, Coleman-Jensen A, Harrison GG. Food insecurity and cost-
related medication underuse among nonelderly adults in a nationally representative 
sample. Am J Public Health. Oct 2015;105(10):e48-59. doi:10.2105/AJPH.2015.302712 

59. Weinfeld NS, Mills G, Borger C, et al. Hunger in America 2014. 2014. Accessed 
February 23, 2020. http://help.feedingamerica.org/HungerInAmerica/hungerin-america-
2014-full-report.pdf. 

http://help.feedingamerica.org/HungerInAmerica/hungerin-america-2014-full-report.pdf
http://help.feedingamerica.org/HungerInAmerica/hungerin-america-2014-full-report.pdf
http://help.feedingamerica.org/HungerInAmerica/hungerin-america-2014-full-report.pdf


55 

60. Berkowitz SA, Basu S, Meigs JB, Seligman HK. Food insecurity and health care 
expenditures in the United States, 2011-2013. Health Serv Res. Jun 2018;53(3):1600-
1620. doi:10.1111/1475-6773.12730 

61. Berkowitz SA, Seligman HK, Meigs JB, Basu S. Food insecurity, healthcare 
utilization, and high cost: A longitudinal cohort study. Am J Manag Care. Sep 
2018;24(9):399-404.  

62. Garcia SP, Haddix A, Barnett K. Incremental health care costs associated with food 
insecurity and chronic conditions among older adults. Prev Chronic Dis. Aug 30 
2018;15:E108. doi:10.5888/pcd15.180058 

63. Weiser SD, Young SL, Cohen CR, et al. Conceptual framework for understanding 
the bidirectional links between food insecurity and HIV/AIDS. Am J Clin Nutr. Dec 
2011;94(6):1729S-1739S. doi:10.3945/ajcn.111.012070 

64. Weiser SD, Bangsberg DR, Kegeles S, Ragland K, Kushel MB, Frongillo EA. 
Food insecurity among homeless and marginally housed individuals living with 
HIV/AIDS in San Francisco. AIDS Behav. Oct 2009;13(5):841-8. doi:10.1007/s10461-
009-9597-z 

65. Kalichman SC, Hernandez D, Cherry C, Kalichman MO, Washington C, Grebler T. 
Food insecurity and other poverty indicators among people living with HIV/AIDS: 
effects on treatment and health outcomes. J Community Health. Dec 2014;39(6):1133-9. 
doi:10.1007/s10900-014-9868-0 

66. Spinelli MA, Frongillo EA, Sheira LA, et al. Food insecurity is associated with 
poor HIV outcomes among women in the United States. AIDS Behav. Dec 
2017;21(12):3473-3477. doi:10.1007/s10461-017-1968-2 

67. Denning P, DiNenno E. Communities in crisis: Is there a generalized HIV epidemic 
in impoverished urban areas of the United States? Centers for Disease Control and 
Prevention. Accessed 8/30/2020, 2020. https://www.cdc.gov/hiv/group/poverty.html#1 

68. Huang YL, Frazier EL, Sansom SL, et al. Nearly half of US adults living with HIV 
received federal disability benefits in 2009. Health Aff (Millwood). Oct 
2015;34(10):1657-65. doi:10.1377/hlthaff.2015.0249 

https://www.cdc.gov/hiv/group/poverty.html#1
https://www.cdc.gov/hiv/group/poverty.html#1


56 

69. Kordovski VM, Woods SP, Verduzco M, Beltran J. The effects of aging and HIV 
disease on employment status and functioning. Rehabil Psychol. Nov 2017;62(4):591-
599. doi:10.1037/rep0000175 

70. Palar K, Laraia B, Tsai AC, Johnson MO, Weiser SD. Food insecurity is associated 
with HIV, sexually transmitted infections and drug use among men in the United States. 
AIDS. Jun 1 2016;30(9):1457-65. doi:10.1097/QAD.0000000000001095 

71. Boneya DJ, Ahmed AA, Yalew AW. The effect of gender on food insecurity 
among HIV-infected people receiving anti-retroviral therapy: A systematic review and 
meta-analysis. PLoS One. 2019;14(1):e0209903. doi:10.1371/journal.pone.0209903 

72. Frega R, Duffy F, Rawat R, Grede N. Food insecurity in the context of HIV/AIDS: 
a framework for a new era of programming. Food Nutr Bull. Dec 2010;31(4):S292-312. 
doi:10.1177/2F15648265100314S402 

73. Chop E, Duggaraju A, Malley A, et al. Food insecurity, sexual risk behavior, and 
adherence to antiretroviral therapy among women living with HIV: A systematic review. 
Health Care Women Int. Sep 2017;38(9):927-944. doi:10.1080/07399332.2017.1337774 

74. Whittle HJ, Palar K, Napoles T, et al. Experiences with food insecurity and risky 
sex among low-income people living with HIV/AIDS in a resource-rich setting. J Int 
AIDS Soc. 2015;18(1):20293. doi:10.7448/IAS.18.1.20293 

75. Schmitz J, Kral AH, Chu D, Wenger LD, Bluthenthal RN. Food insecurity among 
people who inject drugs in Los Angeles and San Francisco. Public Health Nutr. Aug 
2016;19(12):2204-12. doi:10.1017/S1368980016000306 

76. Idrisov B, Lunze K, Cheng DM, et al. Food insecurity and HIV drug and sex risk 
behaviors among Russians living with HIV. Drug Alcohol Depend. 2015/11/01/ 
2015;156:e102. doi:10.1016/j.drugalcdep.2015.07.283 

77. Childs CE, Calder PC, Miles EA. Diet and immune function. Nutrients. Aug 16 
2019;11(8):1933. doi:10.3390/nu11081933 

78. Wetherill MS, White KC, Rivera C. Food insecurity and the Nutrition Care 
Process: Practical applications for dietetics practitioners. J Acad Nutr Diet. Dec 
2018;118(12):2223-2234. doi:10.1016/j.jand.2017.08.114 



57 

79. Ivers LC, Cullen KA, Freedberg KA, Block S, Coates J, Webb P. HIV/AIDS, 
undernutrition, and food insecurity. Clin Infect Dis. Oct 1 2009;49(7):1096-102. 
doi:10.1086/605573 

80. Singer AW, Weiser SD, McCoy SI. Does food insecurity undermine adherence to 
antiretroviral therapy? A systematic review. AIDS Behav. Aug 2015;19(8):1510-26. 
doi:10.1007/s10461-014-0873-1 

81. Aibibula W, Cox J, Hamelin AM, McLinden T, Klein MB, Brassard P. Association 
between food insecurity and HIV viral suppression: A systematic review and meta-
analysis. AIDS Behav. Mar 2017;21(3):754-765. doi:10.1007/s10461-016-1605-5 

82. Aibibula W, Cox J, Hamelin AM, Mamiya H, Klein MB, Brassard P. Food 
insecurity and low CD4 count among HIV-infected people: a systematic review and 
meta-analysis. AIDS Care. Dec 2016;28(12):1577-1585. 
doi:10.1080/09540121.2016.1191613 

83. World Health Organization. Nutrient requirements for people living with 
HIV/AIDS: report of a technical consultation. May 2003. 
https://apps.who.int/iris/handle/10665/42853 

84. Coyne-Meyers K, Trombley LE. A review of nutrition in human immunodeficiency 
virus infection in the era of highly active antiretroviral therapy. Nutr Clin Pract. Aug 
2004;19(4):340-55. doi:10.1177/0115426504019004340 

85. Hatsu I, Hade E, Campa A. Food security status is related to mental health quality 
of life among persons living with HIV. AIDS Behav. Mar 2017;21(3):745-753. 
doi:10.1007/s10461-016-1573-9 

86. Weiser SD, Fernandes KA, Brandson EK, et al. The association between food 
insecurity and mortality among HIV-infected individuals on HAART. J Acquir Immune 
Defic Syndr. Nov 1 2009;52(3):342-9. doi:10.1097/QAI.0b013e3181b627c2 

87. Kihlstrom L, Burris M, Dobbins J, et al. Food insecurity and health-related quality 
of life: A cross-sectional analysis of older adults in Florida, U.S. Ecol Food Nutr. Jan-Feb 
2019;58(1):45-65. doi:10.1080/03670244.2018.1559160 

88. Sepanlou SG, Safiri S, Bisignano C, et al. The global, regional, and national burden 
of cirrhosis by cause in 195 countries and territories, 1990–2017: a systematic analysis 

https://apps.who.int/iris/handle/10665/42853
https://apps.who.int/iris/handle/10665/42853


58 

for the Global Burden of Disease Study 2017. Lancet Gastroenterol Hepatol. 
2020;5(3):245-266. doi:10.1016/s2468-1253(19)30349-8 

89. Bray F, Ferlay J, Soerjomataram I, Siegel RL, Torre LA, Jemal A. Global cancer 
statistics 2018: GLOBOCAN estimates of incidence and mortality worldwide for 36 
cancers in 185 countries. CA Cancer J Clin. Nov 2018;68(6):394-424. 
doi:10.3322/caac.21492 

90. NCHS. Health, United States, 2018. 2019. 
https://www.cdc.gov/nchs/hus/index.htm 

91. Tapper EB, Parikh ND. Mortality due to cirrhosis and liver cancer in the United 
States, 1999-2016: observational study. BMJ. Jul 18 2018;362:k2817. 
doi:10.1136/bmj.k2817 

92. Asrani SK, Devarbhavi H, Eaton J, Kamath PS. Burden of liver diseases in the 
world. J Hepatol. Jan 2019;70(1):151-171. doi:10.1016/j.jhep.2018.09.014 

93. Mason LM, Duffell E, Veldhuijzen IK, Petriti U, Bunge EM, Tavoschi L. Hepatitis 
B and C prevalence and incidence in key population groups with multiple risk factors in 
the EU/EEA: a systematic review. Euro Surveill. Jul 2019;24(30):1800614. 
doi:10.2807/1560-7917.ES.2019.24.30.1800614 

94. Rawla P, Sunkara T, Muralidharan P, Raj JP. Update in global trends and aetiology 
of hepatocellular carcinoma. Contemp Oncol (Pozn). 2018;22(3):141-150. 
doi:10.5114/wo.2018.78941 

95. Julien J, Ayer T, Bethea ED, Tapper EB, Chhatwal J. Projected prevalence and 
mortality associated with alcohol-related liver disease in the USA, 2019-40: A modelling 
study. The Lancet. Public health. Jun 2020;5(6):e316-e323. doi:10.1016/S2468-
2667(20)30062-1 

96. Estes C, Razavi H, Loomba R, Younossi Z, Sanyal AJ. Modeling the epidemic of 
nonalcoholic fatty liver disease demonstrates an exponential increase in burden of 
disease. Hepatology. Jan 2018;67(1):123-133. doi:10.1002/hep.29466 

97. Mokdad AA, Lopez AD, Shahraz S, et al. Liver cirrhosis mortality in 187 countries 
between 1980 and 2010: A systematic analysis. BMC Med. Sep 18 2014;12(1):145. 
doi:10.1186/s12916-014-0145-y 

https://www.cdc.gov/nchs/hus/index.htm
https://www.cdc.gov/nchs/hus/index.htm


59 

98. Younossi Z, Anstee QM, Marietti M, et al. Global burden of NAFLD and NASH: 
trends, predictions, risk factors and prevention. Nat Rev Gastroenterol Hepatol. Jan 
2018;15(1):11-20. doi:10.1038/nrgastro.2017.109 

99. Marcellin P, Kutala BK. Liver diseases: A major, neglected global public health 
problem requiring urgent actions and large-scale screening. Liver Int. Feb 2018;38 Suppl 
1(S1):2-6. doi:10.1111/liv.13682 

100. Grundy SM, Cleeman JI, Daniels SR, et al. Diagnosis and management of the 
metabolic syndrome: an American Heart Association/National Heart, Lung, and Blood 
Institute Scientific Statement. review-article. Circulation. Oct 25 2005;112(17):2735-52. 
doi:10.1161/CIRCULATIONAHA.105.169404 

101. Sherif ZA, Saeed A, Ghavimi S, et al. Global epidemiology of nonalcoholic fatty 
liver disease and perspectives on US minority populations. Dig Dis Sci. May 
2016;61(5):1214-25. doi:10.1007/s10620-016-4143-0 

102. Abd El-Kader SM, El-Den Ashmawy EM. Non-alcoholic fatty liver disease: The 
diagnosis and management. World J Hepatol. Apr 28 2015;7(6):846-58. 
doi:10.4254/wjh.v7.i6.846 

103. Sporea I, Popescu A, Dumitrascu D, et al. Nonalcoholic fatty liver disease: Status 
quo. J Gastrointestin Liver Dis. Dec 2018;27(4):439-448. 
doi:10.15403/jgld.2014.1121.274.quo 

104. Chalasani N, Younossi Z, Lavine JE, et al. The diagnosis and management of 
nonalcoholic fatty liver disease: Practice guidance from the American Association for the 
Study of Liver Diseases. Hepatology. Jan 2018;67(1):328-357. doi:10.1002/hep.29367 

105. Younossi ZM, Koenig AB, Abdelatif D, Fazel Y, Henry L, Wymer M. Global 
epidemiology of nonalcoholic fatty liver disease-Meta-analytic assessment of prevalence, 
incidence, and outcomes. Hepatology. Jul 2016;64(1):73-84. doi:10.1002/hep.28431 

106. Le MH, Yeo YH, Cheung R, Wong VW, Nguyen MH. Ethnic influence on 
nonalcoholic fatty liver disease prevalence and lack of disease awareness in the United 
States, 2011-2016. J Intern Med. Jun 2020;287(6):711-722. doi:10.1111/joim.13035 



60 

107. Ruhl CE, Everhart JE. Fatty liver indices in the multiethnic United States National 
Health and Nutrition Examination Survey. Aliment Pharmacol Ther. Jan 2015;41(1):65-
76. doi:10.1111/apt.13012 

108. Williams CD, Stengel J, Asike MI, et al. Prevalence of nonalcoholic fatty liver 
disease and nonalcoholic steatohepatitis among a largely middle-aged population 
utilizing ultrasound and liver biopsy: A prospective study. Gastroenterology. Jan 
2011;140(1):124-31. doi:10.1053/j.gastro.2010.09.038 

109. Kabbany MN, Conjeevaram Selvakumar PK, Watt K, et al. Prevalence of 
nonalcoholic steatohepatitis-associated cirrhosis in the United States: An analysis of 
National Health and Nutrition Examination Survey data. Am J Gastroenterol. Apr 
2017;112(4):581-587. doi:10.1038/ajg.2017.5 

110. Eslam M, Sanyal AJ, George J, International Consensus P. MAFLD: A consensus-
driven proposed nomenclature for metabolic associated fatty liver disease. 
Gastroenterology. May 2020;158(7):1999-2014 e1. doi:10.1053/j.gastro.2019.11.312 

111. Younossi ZM, Rinella ME, Sanyal A, et al. From NAFLD to MAFLD: 
Implications of a premature change in terminology. Hepatology. Jun 16 
2020;n/a(n/a)doi:10.1002/hep.31420 

112. Sherman KE, Peters MG, Thomas D. Human immunodeficiency virus and liver 
disease: A comprehensive update. Hepatol Commun. Dec 2017;1(10):987-1001. 
doi:10.1002/hep4.1112 

113. Soriano V, Barreiro P, Sherman KE. The changing epidemiology of liver disease in 
HIV patients. AIDS Rev. Jan-Mar 2013;15(1):25-31.  

114. Duko B, Ayalew M, Ayano G. The prevalence of alcohol use disorders among 
people living with HIV/AIDS: a systematic review and meta-analysis. Subst Abuse Treat 
Prev Policy. Nov 14 2019;14(1):52. doi:10.1186/s13011-019-0240-3 

115. Ferguson TF, Rosen E, Carr R, et al. Associations of liver disease with alcohol use 
among people living with HIV and the role of hepatitis C: The New Orleans Alcohol Use 
in HIV Study. Alcohol Alcohol. 2019;55(1):28-36. doi:10.1093/alcalc/agz089 

116. Sherman KE, Peters MG, Thomas DL. HIV and the liver. Top Antivir Med. Sep 
2019;27(3):101-110.  



61 

117. Maurice JB, Patel A, Scott AJ, Patel K, Thursz M, Lemoine M. Prevalence and risk 
factors of nonalcoholic fatty liver disease in HIV-monoinfection. AIDS. Jul 17 
2017;31(11):1621-1632. doi:10.1097/QAD.0000000000001504 

118. Rockey DC, Caldwell SH, Goodman ZD, Nelson RC, Smith AD, American 
Association for the Study of Liver D. Liver biopsy. Hepatology. Mar 2009;49(3):1017-
44. doi:10.1002/hep.22742 

119. Bravo AA, Sheth SG, Chopra S. Liver biopsy. N Engl J Med. Feb 15 
2001;344(7):495-500. doi:10.1056/NEJM200102153440706 

120. Zhou JH, Cai JJ, She ZG, Li HL. Noninvasive evaluation of nonalcoholic fatty liver 
disease: Current evidence and practice. World J Gastroenterol. Mar 21 
2019;25(11):1307-1326. doi:10.3748/wjg.v25.i11.1307 

121. Castera L. Non-invasive tests for liver fibrosis in NAFLD: Creating pathways 
between primary healthcare and liver clinics. Liver Int. Feb 2020;40 Suppl 1:77-81. 
doi:10.1111/liv.14347 

122. Sumida Y, Nakajima A, Itoh Y. Limitations of liver biopsy and non-invasive 
diagnostic tests for the diagnosis of nonalcoholic fatty liver disease/nonalcoholic 
steatohepatitis. World J Gastroenterol. Jan 14 2014;20(2):475-85. 
doi:10.3748/wjg.v20.i2.475 

123. Patel K, Sebastiani G. Limitations of non-invasive tests for assessment of liver 
fibrosis. JHEP Rep. Apr 2020;2(2):100067. doi:10.1016/j.jhepr.2020.100067 

124. De Silva S, Li W, Kemos P, et al. Non-invasive markers of liver fibrosis in fatty 
liver disease are unreliable in people of South Asian descent. Frontline Gastroenterol. 
Apr 2018;9(2):115-121. doi:10.1136/flgastro-2017-100865 

125. McPherson S, Hardy T, Dufour JF, et al. Age as a confounding factor for the 
accurate non-invasive diagnosis of advanced NAFLD fibrosis. Am J Gastroenterol. May 
2017;112(5):740-751. doi:10.1038/ajg.2016.453 

126. Dulai PS, Sirlin CB, Loomba R. MRI and MRE for non-invasive quantitative 
assessment of hepatic steatosis and fibrosis in NAFLD and NASH: Clinical trials to 
clinical practice. J Hepatol. Nov 2016;65(5):1006-1016. doi:10.1016/j.jhep.2016.06.005 



62 

127. Yokoo T, Serai SD, Pirasteh A, et al. Linearity, bias, and precision of hepatic 
proton density fat fraction measurements by using MR imaging: A meta-analysis. 
Radiology. Feb 2018;286(2):486-498. doi:10.1148/radiol.2017170550 

128. Middleton MS, Heba ER, Hooker CA, et al. Agreement between magnetic 
resonance imaging proton density fat fraction measurements and pathologist-assigned 
steatosis grades of liver biopsies from adults with nonalcoholic steatohepatitis. 
Gastroenterology. Sep 2017;153(3):753-761. doi:10.1053/j.gastro.2017.06.005 

129. Patel J, Bettencourt R, Cui J, et al. Association of noninvasive quantitative decline 
in liver fat content on MRI with histologic response in nonalcoholic steatohepatitis. 
Therap Adv Gastroenterol. Sep 2016;9(5):692-701. doi:10.1177/1756283X16656735 

130. Park CC, Nguyen P, Hernandez C, et al. Magnetic resonance elastography vs 
transient elastography in detection of fibrosis and noninvasive measurement of steatosis 
in patients with biopsy-proven nonalcoholic fatty liver disease. Gastroenterology. Feb 
2017;152(3):598-607 e2. doi:10.1053/j.gastro.2016.10.026 

131. Permutt Z, Le TA, Peterson MR, et al. Correlation between liver histology and 
novel magnetic resonance imaging in adult patients with non-alcoholic fatty liver disease 
- MRI accurately quantifies hepatic steatosis in NAFLD. Aliment Pharmacol Ther. Jul 
2012;36(1):22-9. doi:10.1111/j.1365-2036.2012.05121.x 

132. Caussy C, Reeder SB, Sirlin CB, Loomba R. Noninvasive, quantitative assessment 
of liver fat by MRI-PDFF as an endpoint in NASH trials. Hepatology. 2018;68(2):763-
772. doi:10.1002/hep.29797 

133. Wildman-Tobriner B, Middleton MM, Moylan CA, et al. Association between 
magnetic resonance imaging-proton density fat fraction and liver histology features in 
patients with nonalcoholic fatty liver disease or nonalcoholic steatohepatitis. 
Gastroenterology. Nov 2018;155(5):1428-1435 e2. doi:10.1053/j.gastro.2018.07.018 

134. Marti-Aguado D, Rodriguez-Ortega A, Alberich-Bayarri A, Marti-Bonmati L. 
Magnetic resonance imaging analysis of liver fibrosis and inflammation: Overwhelming 
gray zones restrict clinical use. Abdom Radiol. Nov 2020;45(11):3557-3568. 
doi:10.1007/s00261-020-02713-1 

135. Venkatesh SK, Ehman RL. Magnetic resonance elastography of liver. Magn Reson 
Imaging Clin N Am. Aug 2014;22(3):433-46. doi:10.1016/j.mric.2014.05.001 



63 

136. Lonardo A, Leoni S, Alswat KA, Fouad Y. History of nonalcoholic fatty liver 
disease. Int J Mol Sci. Aug 16 2020;21(16)doi:10.3390/ijms21165888 

137. Ballestri S, Zona S, Targher G, et al. Nonalcoholic fatty liver disease is associated 
with an almost twofold increased risk of incident type 2 diabetes and metabolic 
syndrome. Evidence from a systematic review and meta-analysis. J Gastroenterol 
Hepatol. May 2016;31(5):936-44. doi:10.1111/jgh.13264 

138. Mantovani A, Byrne CD, Bonora E, Targher G. Nonalcoholic fatty liver disease 
and risk of incident type 2 diabetes: A meta-analysis. Diabetes Care. Feb 
2018;41(2):372-382. doi:10.2337/dc17-1902 

139. McPherson S, Hardy T, Henderson E, Burt AD, Day CP, Anstee QM. Evidence of 
NAFLD progression from steatosis to fibrosing-steatohepatitis using paired biopsies: 
implications for prognosis and clinical management. J Hepatol. May 2015;62(5):1148-
55. doi:10.1016/j.jhep.2014.11.034 

140. Tada T, Toyoda H, Sone Y, et al. Type 2 diabetes mellitus: A risk factor for 
progression of liver fibrosis in middle-aged patients with non-alcoholic fatty liver 
disease. J Gastroenterol Hepatol. Nov 2019;34(11):2011-2018. doi:10.1111/jgh.14734 

141. Non-alcoholic Fatty Liver Disease Study G, Lonardo A, Bellentani S, et al. 
Epidemiological modifiers of non-alcoholic fatty liver disease: Focus on high-risk 
groups. Dig Liver Dis. Dec 2015;47(12):997-1006. doi:10.1016/j.dld.2015.08.004 

142. Sookoian S, Pirola CJ. Meta-analysis of the influence of I148M variant of patatin-
like phospholipase domain containing 3 gene (PNPLA3) on the susceptibility and 
histological severity of nonalcoholic fatty liver disease. Hepatology. Jun 
2011;53(6):1883-94. doi:10.1002/hep.24283 

143. Singh S, Allen AM, Wang Z, Prokop LJ, Murad MH, Loomba R. Fibrosis 
progression in nonalcoholic fatty liver vs nonalcoholic steatohepatitis: a systematic 
review and meta-analysis of paired-biopsy studies. Clin Gastroenterol Hepatol. Apr 
2015;13(4):643-54 e1-9; quiz e39-40. doi:10.1016/j.cgh.2014.04.014 

144. Hagstrom H, Elfwen O, Hultcrantz R, Stal P. Steatohepatitis is not associated with 
an increased risk for fibrosis progression in nonalcoholic fatty liver disease. 
Gastroenterol Res Pract. 2018/07/02 2018;2018:1942648. doi:10.1155/2018/1942648 



64 

145. Kleiner DE, Brunt EM, Wilson LA, et al. Association of histologic disease activity 
with progression of nonalcoholic fatty liver disease. JAMA Netw Open. Oct 2 
2019;2(10):e1912565. doi:10.1001/jamanetworkopen.2019.12565 

146. Alexander M, Loomis AK, van der Lei J, et al. Risks and clinical predictors of 
cirrhosis and hepatocellular carcinoma diagnoses in adults with diagnosed NAFLD: real-
world study of 18 million patients in four European cohorts. BMC Med. May 20 
2019;17(1):95. doi:10.1186/s12916-019-1321-x 

147. Yang JD, Ahmed F, Mara KC, et al. Diabetes is associated with increased risk of 
hepatocellular carcinoma in patients with cirrhosis from nonalcoholic fatty liver disease. 
Hepatology. Mar 2020;71(3):907-916. doi:10.1002/hep.30858 

148. Stepanova M, Rafiq N, Makhlouf H, et al. Predictors of all-cause mortality and 
liver-related mortality in patients with non-alcoholic fatty liver disease (NAFLD). Dig 
Dis Sci. Oct 2013;58(10):3017-23. doi:10.1007/s10620-013-2743-5 

149. Doycheva I, Cui J, Nguyen P, et al. Non-invasive screening of diabetics in primary 
care for NAFLD and advanced fibrosis by MRI and MRE. Aliment Pharmacol Ther. Jan 
2016;43(1):83-95. doi:10.1111/apt.13405 

150. Amiri Dash Atan N, Koushki M, Motedayen M, et al. Type 2 diabetes mellitus and 
non-alcoholic fatty liver disease: a systematic review and meta-analysis. Gastroenterol 
Hepatol Bed Bench. Winter 2017;10(Suppl1):S1-S7.  

151. Dai W, Ye L, Liu A, et al. Prevalence of nonalcoholic fatty liver disease in patients 
with type 2 diabetes mellitus: A meta-analysis. Medicine. Sep 2017;96(39):e8179. 
doi:10.1097/MD.0000000000008179 

152. Park H, Dawwas GK, Liu X, Nguyen MH. Nonalcoholic fatty liver disease 
increases risk of incident advanced chronic kidney disease: a propensity-matched cohort 
study. J Intern Med. Dec 2019;286(6):711-722. doi:10.1111/joim.12964 

153. Mantovani A, Zaza G, Byrne CD, et al. Nonalcoholic fatty liver disease increases 
risk of incident chronic kidney disease: A systematic review and meta-analysis. 
Metabolism. Feb 2018;79:64-76. doi:10.1016/j.metabol.2017.11.003 



65 

154. Nasr P, Fredrikson M, Ekstedt M, Kechagias S. The amount of liver fat predicts 
mortality and development of type 2 diabetes in non-alcoholic fatty liver disease. Liver 
Int. May 2020;40(5):1069-1078. doi:10.1111/liv.14414 

155. Targher G, Byrne CD, Lonardo A, Zoppini G, Barbui C. Non-alcoholic fatty liver 
disease and risk of incident cardiovascular disease: A meta-analysis. J Hepatol. Sep 
2016;65(3):589-600. doi:10.1016/j.jhep.2016.05.013 

156. El Hadi H, Di Vincenzo A, Vettor R, Rossato M. Relationship between heart 
disease and liver disease: A two-way street. Cells. Feb 28 2020;9(3):E567. 
doi:10.3390/cells9030567 

157. Sayiner M, Stepanova M, Pham H, Noor B, Walters M, Younossi ZM. Assessment 
of health utilities and quality of life in patients with non-alcoholic fatty liver disease. 
BMJ Open Gastroenterol. 2016;3(1):e000106. doi:10.1136/bmjgast-2016-000106 

158. Golabi P, Otgonsuren M, Cable R, et al. Non-alcoholic fatty liver disease (NAFLD) 
is associated with impairment of health related quality of life (HRQOL). Health Qual Life 
Outcomes. Feb 9 2016;14:18. doi:10.1186/s12955-016-0420-z 

159. Younossi ZM, Marchesini G, Pinto-Cortez H, Petta S. Epidemiology of 
nonalcoholic fatty liver disease and nonalcoholic steatohepatitis: Implications for liver 
transplantation. Transplantation. Jan 2019;103(1):22-27. 
doi:10.1097/TP.0000000000002484 

160. Ekstedt M, Franzen LE, Mathiesen UL, et al. Long-term follow-up of patients with 
NAFLD and elevated liver enzymes. Hepatology. Oct 2006;44(4):865-73. 
doi:10.1002/hep.21327 

161. Soderberg C, Stal P, Askling J, et al. Decreased survival of subjects with elevated 
liver function tests during a 28-year follow-up. Hepatology. Feb 2010;51(2):595-602. 
doi:10.1002/hep.23314 

162. Liu Y, Zhong GC, Tan HY, Hao FB, Hu JJ. Nonalcoholic fatty liver disease and 
mortality from all causes, cardiovascular disease, and cancer: A meta-analysis. Sci Rep. 
Jul 31 2019;9(1):11124. doi:10.1038/s41598-019-47687-3 



66 

163. Golabi P, Paik J, Fukui N, Locklear CT, de Avilla L, Younossi ZM. Patients with 
lean nonalcoholic fatty liver disease are metabolically abnormal and have a higher risk 
for mortality. Clin Diabetes. Jan 2019;37(1):65-72. doi:10.2337/cd18-0026 

164. Paik JM, Henry L, De Avila L, Younossi E, Racila A, Younossi ZM. Mortality 
related to nonalcoholic fatty liver disease is increasing in the United States. Hepatol 
Commun. Nov 2019;3(11):1459-1471. doi:10.1002/hep4.1419 

165. Grgurevic I, Podrug K, Mikolasevic I, Kukla M, Madir A, Tsochatzis EA. Natural 
history of nonalcoholic fatty liver disease: Implications for clinical practice and an 
individualized approach. Can J Gastroenterol Hepatol. 2020;2020:9181368. 
doi:10.1155/2020/9181368 

166. Hagstrom H, Nasr P, Ekstedt M, et al. Fibrosis stage but not NASH predicts 
mortality and time to development of severe liver disease in biopsy-proven NAFLD. J 
Hepatol. Dec 2017;67(6):1265-1273. doi:10.1016/j.jhep.2017.07.027 

167. Angulo P, Kleiner DE, Dam-Larsen S, et al. Liver fibrosis, but no other histologic 
features, is associated with long-term outcomes of patients with nonalcoholic fatty liver 
disease. Gastroenterology. Aug 2015;149(2):389-97 e10. 
doi:10.1053/j.gastro.2015.04.043 

168. Ekstedt M, Hagstrom H, Nasr P, et al. Fibrosis stage is the strongest predictor for 
disease-specific mortality in NAFLD after up to 33 years of follow-up. Hepatology. May 
2015;61(5):1547-54. doi:10.1002/hep.27368 

169. Dulai PS, Singh S, Patel J, et al. Increased risk of mortality by fibrosis stage in 
nonalcoholic fatty liver disease: Systematic review and meta-analysis. Hepatology. May 
2017;65(5):1557-1565. doi:10.1002/hep.29085 

170. Vilar-Gomez E, Calzadilla-Bertot L, Wai-Sun Wong V, et al. Fibrosis severity as a 
determinant of cause-specific mortality in patients with advanced nonalcoholic fatty liver 
disease: A multi-national cohort study. Gastroenterology. Aug 2018;155(2):443-457 e17. 
doi:10.1053/j.gastro.2018.04.034 

171. Day CP, James OFW. Steatohepatitis: A tale of two “hits”? Gastroenterology. 
1998/04/01/ 1998;114(4):842-845. doi:10.1016/s0016-5085(98)70599-2 



67 

172. Tilg H, Moschen AR. Evolution of inflammation in nonalcoholic fatty liver 
disease: the multiple parallel hits hypothesis. Hepatology. Nov 2010;52(5):1836-46. 
doi:10.1002/hep.24001 

173. Buzzetti E, Pinzani M, Tsochatzis EA. The multiple-hit pathogenesis of non-
alcoholic fatty liver disease (NAFLD). Metabolism. Aug 2016;65(8):1038-48. 
doi:10.1016/j.metabol.2015.12.012 

174. Friedman SL, Neuschwander-Tetri BA, Rinella M, Sanyal AJ. Mechanisms of 
NAFLD development and therapeutic strategies. Nat Med. Jul 2018;24(7):908-922. 
doi:10.1038/s41591-018-0104-9 

175. Shiue I. People with diabetes, respiratory, liver or mental disorders, higher urinary 
antimony, bisphenol A, or pesticides had higher food insecurity: USA NHANES, 2005-
2006. Environ Sci Pollut Res Int. Jan 2016;23(1):198-205. doi:10.1007/s11356-015-
5677-y 

176. Golovaty I, Tien PC, Price JC, Sheira L, Seligman H, Weiser SD. Food insecurity 
may be an independent risk factor associated with nonalcoholic fatty liver disease among 
low-income adults in the United States. J Nutr. Jan 1 2020;150(1):91-98. 
doi:10.1093/jn/nxz212 

177. Bedogni G, Bellentani S, Miglioli L, et al. The Fatty Liver Index: a simple and 
accurate predictor of hepatic steatosis in the general population. BMC Gastroenterol. Nov 
2 2006;6(1):33. doi:10.1186/1471-230X-6-33 

178. Angulo P, Hui JM, Marchesini G, et al. The NAFLD fibrosis score: a noninvasive 
system that identifies liver fibrosis in patients with NAFLD. Hepatology. Apr 
2007;45(4):846-54. doi:10.1002/hep.21496 

179. Leung CW, Tester JM. The association between food insecurity and diet quality 
varies by race/ethnicity: An analysis of National Health and Nutrition Examination 
Survey 2011-2014 results. J Acad Nutr Diet. Oct 2019;119(10):1676-1686. 
doi:10.1016/j.jand.2018.10.011 

180. Chan R, Wong VW, Chu WC, et al. Diet-quality scores and prevalence of 
nonalcoholic fatty liver disease: A population study using proton-magnetic resonance 
spectroscopy. PLoS One. 2015;10(9):e0139310. doi:10.1371/journal.pone.0139310 



68 

181. Park SY, Noureddin M, Boushey C, Wilkens LR, Setiawan VW. Diet quality 
association with nonalcoholic fatty liver disease by cirrhosis status: The Multiethnic 
Cohort. Curr Dev Nutr. Mar 2020;4(3):nzaa024. doi:10.1093/cdn/nzaa024 

182. Yoo ER, Kim D, Vazquez-Montesino LM, et al. Diet quality and its association 
with nonalcoholic fatty liver disease and all-cause and cause-specific mortality. 
https://doi.org/10.1111/liv.14374. Liver Int. Apr 2020;40(4):815-824. 
doi:10.1111/liv.14374 

183. Stepanova M, De Avila L, Afendy M, et al. Direct and indirect economic burden of 
chronic liver disease in the United States. Clin Gastroenterol Hepatol. May 
2017;15(5):759-766 e5. doi:10.1016/j.cgh.2016.07.020 

184. Mahy M, Autenrieth CS, Stanecki K, Wynd S. Increasing trends in HIV prevalence 
among people aged 50 years and older: evidence from estimates and survey data. AIDS. 
Nov 2014;28 Suppl 4:S453-9. doi:10.1097/QAD.0000000000000479 

185. Centers for Disease Control and Prevention. HIV Surveillance Report, 2018 
(Updated). Vol. 31. 2020. Accessed October 8, 2020. 
http://www.cdc.gov/hiv/library/reports/hiv-surveillance.html 

186. Centers for Disease Control and Prevention. HIV Surveillance Report, 2011. Vol. 
23. 2011. http://www.cdc.gov/hiv/topics/surveillance/resources/reports/ 

187. Croxford S, Kitching A, Desai S, et al. Mortality and causes of death in people 
diagnosed with HIV in the era of highly active antiretroviral therapy compared with the 
general population: an analysis of a national observational cohort. The Lancet. Public 
health. Jan 2017;2(1):e35-e46. doi:10.1016/S2468-2667(16)30020-2 

188. Hessol NA, Eng M, Vu A, Pipkin S, Hsu LC, Scheer S. A longitudinal study 
assessing differences in causes of death among housed and homeless people diagnosed 
with HIV in San Francisco. BMC Public Health. Nov 1 2019;19(1):1440. 
doi:10.1186/s12889-019-7817-7 

189. Farahani M, Mulinder H, Farahani A, Marlink R. Prevalence and distribution of 
non-AIDS causes of death among HIV-infected individuals receiving antiretroviral 
therapy: a systematic review and meta-analysis. Int J STD AIDS. Jun 2017;28(7):636-
650. doi:10.1177/0956462416632428 

https://doi.org/10.1111/liv.14374
https://doi.org/10.1111/liv.14374
http://www.cdc.gov/hiv/library/reports/hiv-surveillance.html
http://www.cdc.gov/hiv/library/reports/hiv-surveillance.html
http://www.cdc.gov/hiv/topics/surveillance/resources/reports/
http://www.cdc.gov/hiv/topics/surveillance/resources/reports/


69 

190. Gallant J, Hsue PY, Shreay S, Meyer N. Comorbidities among US patients with 
prevalent HIV infection-a trend analysis. J Infect Dis. Dec 19 2017;216(12):1525-1533. 
doi:10.1093/infdis/jix518 

191. Brown TT, Guaraldi G. Multimorbidity and burden of disease. Interdisciplinary 
topics in gerontology and geriatrics. 2017;42:59-73. doi:10.1159/000448544 

192. Sokoya T, Steel HC, Nieuwoudt M, Rossouw TM. HIV as a cause of immune 
activation and immunosenescence. Mediators Inflamm. 2017;2017:6825493. 
doi:10.1155/2017/6825493 

193. Cohen J, Torres C. HIV-associated cellular senescence: A contributor to 
accelerated aging. Ageing Res Rev. Jul 2017;36:117-124. doi:10.1016/j.arr.2016.12.004 

194. De Francesco D, Wit FW, Burkle A, et al. Do people living with HIV experience 
greater age advancement than their HIV-negative counterparts? AIDS. Feb 1 
2019;33(2):259-268. doi:10.1097/QAD.0000000000002063 

195. Guaraldi G, Orlando G, Zona S, et al. Premature age-related comorbidities among 
HIV-infected persons compared with the general population. Clin Infect Dis. 
2011;53(11):1120-1126. doi:10.1093/cid/cir627 

196. Schouten J, Wit FW, Stolte IG, et al. Cross-sectional comparison of the prevalence 
of age-associated comorbidities and their risk factors between HIV-infected and 
uninfected individuals: The AGEhIV Cohort Study. Clin Infect Dis. 2014;59(12):1787-
1797. doi:10.1093/cid/ciu701 

197. Saloner R, Cysique LA. HIV-associated neurocognitive disorders: A global 
perspective. J Int Neuropsychol Soc. Oct 2017;23(9-10):860-869. 
doi:10.1017/S1355617717001102 

198. Sachdev PS, Blacker D, Blazer DG, et al. Classifying neurocognitive disorders: the 
DSM-5 approach. Nat Rev Neurol. Nov 2014;10(11):634-42. 
doi:10.1038/nrneurol.2014.181 

199. Ganguli M, Blacker D, Blazer DG, et al. Classification of neurocognitive disorders 
in DSM-5: a work in progress. Am J Geriatr Psychiatry. Mar 2011;19(3):205-10. 
doi:10.1097/jgp.0b013e3182051ab4 



70 

200. American Psychiatric Association. Neurocognitive Disorders. Diagnostic and 
Statistical Manual of Mental Disorders (5th ed.). 2013. 

201. Tierney SM, Sheppard DP, Kordovski VM, Faytell MP, Avci G, Woods SP. A 
comparison of the sensitivity, stability, and reliability of three diagnostic schemes for 
HIV-associated neurocognitive disorders. J Neurovirol. Jun 2017;23(3):404-421. 
doi:10.1007/s13365-016-0510-z 

202. Antinori A, Arendt G, Becker JT, et al. Updated research nosology for HIV-
associated neurocognitive disorders. Neurology. Oct 30 2007;69(18):1789-99. 
doi:10.1212/01.WNL.0000287431.88658.8b 

203. Simioni S, Cavassini M, Annoni JM, et al. Cognitive dysfunction in HIV patients 
despite long-standing suppression of viremia. AIDS. Jun 1 2010;24(9):1243-50. 
doi:10.1097/QAD.0b013e3283354a7b 

204. Gisslen M, Price RW, Nilsson S. The definition of HIV-associated neurocognitive 
disorders: are we overestimating the real prevalence? BMC Infect Dis. Dec 28 
2011;11:356. doi:10.1186/1471-2334-11-356 

205. De Francesco D, Underwood J, Post FA, et al. Defining cognitive impairment in 
people living with HIV: the POPPY study. BMC Infect Dis. Oct 28 2016;16(1):617. 
doi:10.1186/s12879-016-1970-8 

206. Walker KA, Brown GG. HIV-associated executive dysfunction in the era of 
modern antiretroviral therapy: A systematic review and meta-analysis. J Clin Exp 
Neuropsychol. May 2018;40(4):357-376. doi:10.1080/13803395.2017.1349879 

207. Viviani B, Bartesaghi S, Corsini E, Galli CL, Marinovich M. Cytokines role in 
neurodegenerative events. Toxicol Lett. Apr 1 2004;149(1-3):85-9. 
doi:10.1016/j.toxlet.2003.12.022 

208. Buch S, Chivero ET, Hoare J, et al. Proceedings from the NIMH symposium on 
"NeuroAIDS in Africa: neurological and neuropsychiatric complications of HIV". J 
Neurovirol. Oct 2016;22(5):699-702. doi:10.1007/s13365-016-0467-y 

209. Kaul M, Lipton SA. Mechanisms of neuroimmunity and neurodegeneration 
associated with HIV-1 infection and AIDS. J Neuroimmune Pharmacol. Jun 
2006;1(2):138-51. doi:10.1007/s11481-006-9011-9 



71 

210. Dik MG, Jonker C, Hack CE, Smit JH, Comijs HC, Eikelenboom P. Serum 
inflammatory proteins and cognitive decline in older persons. Neurology. Apr 26 
2005;64(8):1371-7. doi:10.1212/01.WNL.0000158281.08946.68 

211. Dimopoulos N, Piperi C, Salonicioti A, et al. Indices of low-grade chronic 
inflammation correlate with early cognitive deterioration in an elderly Greek population. 
Neurosci Lett. May 1 2006;398(1-2):118-23. doi:10.1016/j.neulet.2005.12.064 

212. Biancotto A, Grivel JC, Iglehart SJ, et al. Abnormal activation and cytokine spectra 
in lymph nodes of people chronically infected with HIV-1. Blood. May 15 
2007;109(10):4272-9. doi:10.1182/blood-2006-11-055764 

213. Dagenais-Lussier X, Mouna A, Routy JP, et al. Current topics in HIV-1 
pathogenesis: The emergence of deregulated immuno-metabolism in HIV-infected 
subjects. Cytokine Growth Factor Rev. Dec 2015;26(6):603-13. 
doi:10.1016/j.cytogfr.2015.09.001 

214. Decrion AZ, Dichamp I, Varin A, Herbein G. HIV and inflammation. Curr HIV 
Res. Jul 2005;3(3):243-59. doi:10.2174/1570162054368057 

215. Viviani B, Corsini E, Binaglia M, Galli CL, Marinovich M. Reactive oxygen 
species generated by glia are responsible for neuron death induced by human 
immunodeficiency virus-glycoprotein 120 in vitro. Neuroscience. 2001;107(1):51-8. 
doi:10.1016/s0306-4522(01)00332-3 

216. Barak O, Goshen I, Ben-Hur T, Weidenfeld J, Taylor AN, Yirmiya R. Involvement 
of brain cytokines in the neurobehavioral disturbances induced by HIV-1 
glycoprotein120. Brain Res. Apr 19 2002;933(2):98-108. doi:10.1016/s0006-
8993(02)02280-1 

217. Yuan L, Qiao L, Wei F, et al. Cytokines in CSF correlate with HIV-associated 
neurocognitive disorders in the post-HAART era in China. J Neurovirol. Apr 
2013;19(2):144-9. doi:10.1007/s13365-013-0150-5 

218. Falasca K, Reale M, Ucciferri C, et al. Cytokines, hepatic fibrosis, and 
antiretroviral therapy role in neurocognitive disorders HIV related. AIDS Res Hum 
Retroviruses. Mar 2017;33(3):246-253. doi:10.1089/AID.2016.0138 



72 

219. Foster SB, Lu M, Glaze DG, et al. Associations of cytokines, sleep patterns, and 
neurocognitive function in youth with HIV infection. Clin Immunol. Jul 2012;144(1):13-
23. doi:10.1016/j.clim.2012.04.004 

220. Stanley LC, Mrak RE, Woody RC, et al. Glial cytokines as neuropathogenic factors 
in HIV infection: pathogenic similarities to Alzheimer's disease. J Neuropathol Exp 
Neurol. May 1994;53(3):231-8. doi:10.1097/00005072-199405000-00003 

221. Rezaei S, Ahmadi S, Rahmati J, et al. Global prevalence of depression in 
HIV/AIDS: A systematic review and meta-analysis. BMJ supportive & palliative care. 
Dec 2019;9(4):404-412. doi:10.1136/bmjspcare-2019-001952 

222. Rubin LH, Maki PM. HIV, depression, and cognitive impairment in the era of 
effective antiretroviral therapy. Curr HIV/AIDS Rep. Feb 2019;16(1):82-95. 
doi:10.1007/s11904-019-00421-0 

223. Rockstroh JK, Mohr R, Behrens G, Spengler U. Liver fibrosis in HIV: which role 
does HIV itself, long-term drug toxicities and metabolic changes play? Curr Opin Hiv 
Aids. Jul 2014;9(4):365-70. doi:10.1097/COH.0000000000000064 

224. Ciccarelli N, Fabbiani M, Brita AC, et al. Liver fibrosis is associated with cognitive 
impairment in people living with HIV. Infection. Feb 19 2019;doi:10.1007/s15010-019-
01284-8 

225. Ciccarelli N, Fabbiani M, Grima P, et al. Liver fibrosis is associated with cognitive 
impairment in HIV-positive patients. J Int AIDS Soc. 2014;17(4 Suppl 3):19722. 
doi:10.7448/IAS.17.4.19722 

226. Valcour VG, Rubin LH, Obasi MU, et al. Liver fibrosis linked to cognitive 
performance in HIV and Hepatitis C. J Acquir Immune Defic Syndr. Jul 1 
2016;72(3):266-73. doi:10.1097/QAI.0000000000000957 

227. Platt L, Easterbrook P, Gower E, et al. Prevalence and burden of HCV co-infection 
in people living with HIV: a global systematic review and meta-analysis. Lancet Infect 
Dis. Jul 2016;16(7):797-808. doi:10.1016/S1473-3099(15)00485-5 

228. Hilsabeck RC, Hassanein TI, Carlson MD, Ziegler EA, Perry W. Cognitive 
functioning and psychiatric symptomatology in patients with chronic hepatitis C. J Int 
Neuropsychol Soc. Sep 2003;9(6):847-54. doi:10.1017/S1355617703960048 



73 

229. Hilsabeck RC, Perry W, Hassanein TI. Neuropsychological impairment in patients 
with chronic hepatitis C. Hepatology. Feb 2002;35(2):440-6. 
doi:10.1053/jhep.2002.31257 

230. McAndrews MP, Farcnik K, Carlen P, et al. Prevalence and significance of 
neurocognitive dysfunction in hepatitis C in the absence of correlated risk factors. 
Hepatology. Apr 2005;41(4):801-8. doi:10.1002/hep.20635 

231. Monaco S, Mariotto S, Ferrari S, et al. Hepatitis C virus-associated neurocognitive 
and neuropsychiatric disorders: Advances in 2015. World J Gastroenterol. Nov 14 
2015;21(42):11974-83. doi:10.3748/wjg.v21.i42.11974 

232. Sun B, Abadjian L, Rempel H, Monto A, Pulliam L. Differential cognitive 
impairment in HCV coinfected men with controlled HIV compared to HCV 
monoinfection. J Acquir Immune Defic Syndr. Feb 1 2013;62(2):190-6. 
doi:10.1097/QAI.0b013e31827b61f1 

233. Fialho R, Pereira M, Bucur M, Fisher M, Whale R, Rusted J. Cognitive impairment 
in HIV and HCV co-infected patients: a systematic review and meta-analysis. AIDS Care. 
Nov 5 2015;doi:10.1080/09540121.2015.1108385 

234. Thompson-Paul AM, Wei SC, Mattson CL, et al. Obesity among HIV-infected 
adults receiving medical care in the United States: Data from the cross-sectional Medical 
Monitoring Project and National Health And Nutrition Examination Survey. Medicine 
(Baltimore). Jul 2015;94(27):e1081. doi:10.1097/MD.0000000000001081 

235. Sirotin N, Hoover DR, Shi Q, Anastos K, Weiser SD. Food insecurity with hunger 
is associated with obesity among HIV-infected and at risk women in Bronx, NY. PLoS 
One. 2014;9(8):e105957. doi:10.1371/journal.pone.0105957 

236. Hobkirk AL, Towe SL, Patel P, Meade CS. Food insecurity is associated with 
cognitive deficits among HIV-positive, but not HIV-negative, individuals in a United 
States sample. AIDS Behav. Mar 2017;21(3):783-791. doi:10.1007/s10461-016-1514-7 

237. Okafor CN, Kelso NE, Bryant V, et al. Body mass index, inflammatory biomarkers 
and neurocognitive impairment in HIV-infected persons. Psychol Health Med. Mar 
2017;22(3):289-302. doi:10.1080/13548506.2016.1199887 



74 

238. Sattler FR, He J, Letendre S, et al. Abdominal obesity contributes to neurocognitive 
impairment in HIV-infected patients with increased inflammation and immune activation. 
J Acquir Immune Defic Syndr. Mar 1 2015;68(3):281-8. 
doi:10.1097/QAI.0000000000000458 

239. Cova I, Clerici F, Maggiore L, et al. Body mass index predicts progression of mild 
cognitive impairment to dementia. Dement Geriatr Cogn Disord. 2016;41(3-4):172-80. 
doi:10.1159/000444216 

240. Zeki Al Hazzouri A, Haan MN, Whitmer RA, Yaffe K, Neuhaus J. Central obesity, 
leptin and cognitive decline: the Sacramento Area Latino Study on Aging. Dement 
Geriatr Cogn Disord. 2012;33(6):400-9. doi:10.1159/000339957 

241. Wolf PA, Beiser A, Elias MF, Au R, Vasan RS, Seshadri S. Relation of obesity to 
cognitive function: importance of central obesity and synergistic influence of 
concomitant hypertension. The Framingham Heart Study. Curr Alzheimer Res. Apr 
2007;4(2):111-6. doi:10.2174/156720507780362263 

242. Waldstein SR, Katzel LI. Interactive relations of central versus total obesity and 
blood pressure to cognitive function. Int J Obes (Lond). Jan 2006;30(1):201-7. 
doi:10.1038/sj.ijo.0803114 

243. Schiavo L, Busetto L, Cesaretti M, Zelber-Sagi S, Deutsch L, Iannelli A. 
Nutritional issues in patients with obesity and cirrhosis. World J Gastroenterol. Aug 14 
2018;24(30):3330-3346. doi:10.3748/wjg.v24.i30.3330 

244. Tsoi KK, Chan JY, Hirai HW, Wong SY, Kwok TC. Cognitive tests to detect 
dementia: A systematic review and meta-analysis. Jama Intern Med. Sep 
2015;175(9):1450-8. doi:10.1001/jamainternmed.2015.2152 

245. Sheehan B. Assessment scales in dementia. Ther Adv Neurol Disord. Nov 
2012;5(6):349-58. doi:10.1177/1756285612455733 

246. Folstein MF, Folstein SE, McHugh PR. "Mini-mental state". A practical method for 
grading the cognitive state of patients for the clinician. J Psychiatr Res. Nov 
1975;12(3):189-98. doi:10.1016/0022-3956(75)90026-6 

247. Barnes LL, Wilson RS, Everson-Rose SA, Hayward MD, Evans DA, Mendes de 
Leon CF. Effects of early-life adversity on cognitive decline in older African Americans 



75 

and whites. Neurology. Dec 11 2012;79(24):2321-7. 
doi:10.1212/WNL.0b013e318278b607 

248. Onadja Y, Atchessi N, Soura BA, Rossier C, Zunzunegui MV. Gender differences 
in cognitive impairment and mobility disability in old age: a cross-sectional study in 
Ouagadougou, Burkina Faso. Arch Gerontol Geriatr. Nov-Dec 2013;57(3):311-8. 
doi:10.1016/j.archger.2013.06.007 

249. Momtaz YA, Haron SA, Hamid TA, Ibrahim R, Masud J. Does food insufficiency 
in childhood contribute to dementia in later life? Clin Interv Aging. 2015;10:49-53. 
doi:10.2147/CIA.S69220 

250. Mayston R, Patel V, Abas M, et al. Determinants of common mental disorder, 
alcohol use disorder and cognitive morbidity among people coming for HIV testing in 
Goa, India. Trop Med Int Health. Mar 2015;20(3):397-406. doi:10.1111/tmi.12435 

251. Koyanagi A, Veronese N, Stubbs B, et al. Food insecurity is associated with mild 
cognitive impairment among middle-aged and older adults in South Africa: Findings 
from a nationally representative survey. Nutrients. Mar 30 
2019;11(4)doi:10.3390/nu11040749 

252. Tong M, Tieu L, Lee CT, Ponath C, Guzman D, Kushel M. Factors associated with 
food insecurity among older homeless adults: results from the HOPE HOME study. J 
Public Health (Oxf). Jun 1 2019;41(2):240-249. doi:10.1093/pubmed/fdy063 

253. Gao X, Scott T, Falcon LM, Wilde PE, Tucker KL. Food insecurity and cognitive 
function in Puerto Rican adults. Am J Clin Nutr. Apr 2009;89(4):1197-203. 
doi:10.3945/ajcn.2008.26941 

254. Wong JC, Scott T, Wilde P, Li YG, Tucker KL, Gao X. Food insecurity is 
associated with subsequent cognitive decline in the Boston Puerto Rican Health Study. J 
Nutr. Sep 2016;146(9):1740-5. doi:10.3945/jn.115.228700 

255. Frith E, Loprinzi PD. Food insecurity and cognitive function in older adults: Brief 
report. Clin Nutr. Oct 2018;37(5):1765-1768. doi:10.1016/j.clnu.2017.07.001 

256. Portela-Parra ET, Leung CW. Food insecurity is associated with lower cognitive 
functioning in a national sample of older adults. J Nutr. Oct 1 2019;149(10):1812-1817. 
doi:10.1093/jn/nxz120 



76 

257. Hessol NA, Zepf R, Zobell E, Weiser SD, John MD. Food insecurity and aging 
outcomes in older adults living with HIV. AIDS Behav. Dec 2017;21(12):3506-3514. 
doi:10.1007/s10461-017-1838-y 

258. Lonie JA, Tierney KM, Ebmeier KP. Screening for mild cognitive impairment: a 
systematic review. Int J Geriatr Psychiatry. Sep 2009;24(9):902-15. 
doi:10.1002/gps.2208 

259. Joska JA, Witten J, Thomas KG, et al. A comparison of five brief screening tools 
for HIV-associated neurocognitive disorders in the USA and South Africa. AIDS Behav. 
Aug 2016;20(8):1621-31. doi:10.1007/s10461-016-1316-y 

260. Na M, Dou N, Ji N, et al. Food insecurity and cognitive function in middle to older 
adulthood: A systematic review. Adv Nutr. May 1 2020;11(3):667-676. 
doi:10.1093/advances/nmz122 

261. Spudich SS. Immune activation in the central nervous system throughout the course 
of HIV infection. Curr Opin Hiv Aids. 2016;11(2):226-233. 
doi:10.1097/COH.0000000000000243 

262. Lucas S, Nelson AM. HIV and the spectrum of human disease. J Pathol. Jan 
2015;235(2):229-41. doi:10.1002/path.4449 

263. Collaborators GH. Global, regional, and national incidence, prevalence, and 
mortality of HIV, 1980-2017, and forecasts to 2030, for 195 countries and territories: a 
systematic analysis for the Global Burden of Diseases, Injuries, and Risk Factors Study 
2017. Lancet HIV. Dec 2019;6(12):e831-e859. doi:10.1016/S2352-3018(19)30196-1 

264. Ghiasvand H, Waye KM, Noroozi M, Harouni GG, Armoon B, Bayani A. Clinical 
determinants associated with quality of life for people who live with HIV/AIDS: A meta-
analysis. BMC Health Serv Res. Oct 29 2019;19(1):768. doi:10.1186/s12913-019-4659-z 

265. Wada NI, Jacobson LP, Margolick JB, et al. The effect of HAART-induced HIV 
suppression on circulating markers of inflammation and immune activation. AIDS. Feb 
20 2015;29(4):463-71. doi:10.1097/QAD.0000000000000545 

266. Sereti I, Krebs SJ, Phanuphak N, et al. Persistent, albeit reduced, chronic 
inflammation in persons starting antiretroviral therapy in acute HIV infection. Clin Infect 
Dis. Jan 15 2017;64(2):124-131. doi:10.1093/cid/ciw683 



77 

267. Tenorio AR, Zheng Y, Bosch RJ, et al. Soluble markers of inflammation and 
coagulation but not T-cell activation predict non-AIDS-defining morbid events during 
suppressive antiretroviral treatment. J Infect Dis. Oct 15 2014;210(8):1248-59. 
doi:10.1093/infdis/jiu254 

268. Longenecker CT, Sullivan C, Baker JV. Immune activation and cardiovascular 
disease in chronic HIV infection. Curr Opin Hiv Aids. Mar 2016;11(2):216-25. 
doi:10.1097/COH.0000000000000227 

269. Nasi M, De Biasi S, Gibellini L, et al. Ageing and inflammation in patients with 
HIV infection. Clin Exp Immunol. Jan 2017;187(1):44-52. doi:10.1111/cei.12814 

270. Hart BB, Nordell AD, Okulicz JF, et al. Inflammation-related morbidity and 
mortality among HIV-positive adults: How extensive is it? J Acquir Immune Defic Syndr. 
Jan 1 2018;77(1):1-7. doi:10.1097/QAI.0000000000001554 

271. Hunt PW, Lee SA, Siedner MJ. Immunologic biomarkers, morbidity, and mortality 
in treated HIV infection. J Infect Dis. Oct 1 2016;214 Suppl 2(Suppl 2):S44-50. 
doi:10.1093/infdis/jiw275 

272. Brown TT, Tassiopoulos K, Bosch RJ, Shikuma C, McComsey GA. Association 
between systemic inflammation and incident diabetes in HIV-infected patients after 
initiation of antiretroviral therapy. Diabetes Care. Oct 2010;33(10):2244-9. 
doi:10.2337/dc10-0633 

273. Pedro MN, Rocha GZ, Guadagnini D, et al. Insulin resistance in HIV-patients: 
Causes and consequences. Front Endocrinol (Lausanne). 2018;9:514. 
doi:10.3389/fendo.2018.00514 

274. Marchetti G, Cozzi-Lepri A, Tincati C, et al. Immune activation and microbial 
translocation in liver disease progression in HIV/hepatitis co-infected patients: results 
from the Icona Foundation study. BMC Infect Dis. Feb 12 2014;14(1):79. 
doi:10.1186/1471-2334-14-79 

275. Medrano LM, Garcia-Broncano P, Berenguer J, et al. Elevated liver stiffness is 
linked to increased biomarkers of inflammation and immune activation in HIV/hepatitis 
C virus-coinfected patients. AIDS. Jun 1 2018;32(9):1095-1105. 
doi:10.1097/QAD.0000000000001787 



78 

276. Williams ME, Ipser JC, Stein DJ, Joska JA, Naude PJW. Peripheral immune 
dysregulation in the ART era of HIV-associated neurocognitive impairments: A 
systematic review. Psychoneuroendocrinology. Aug 2020;118:104689. 
doi:10.1016/j.psyneuen.2020.104689 

277. Marchetti G, Tincati C, Silvestri G. Microbial translocation in the pathogenesis of 
HIV infection and AIDS. Clin Microbiol Rev. Jan 2013;26(1):2-18. 
doi:10.1128/CMR.00050-12 

278. Nagpal R, Yadav H. Bacterial translocation from the gut to the distant organs: An 
overview. Ann Nutr Metab. 2017;71 Suppl 1(Suppl. 1):11-16. doi:10.1159/000479918 

279. Brenchley JM, Schacker TW, Ruff LE, et al. CD4+ T cell depletion during all 
stages of HIV disease occurs predominantly in the gastrointestinal tract. J Exp Med. Sep 
20 2004;200(6):749-59. doi:10.1084/jem.20040874 

280. Serbina NV, Jia T, Hohl TM, Pamer EG. Monocyte-mediated defense against 
microbial pathogens. Annu Rev Immunol. 2008;26:421-52. 
doi:10.1146/annurev.immunol.26.021607.090326 

281. Ivanova EA, Orekhov AN. Monocyte activation in immunopathology: Cellular test 
for development of diagnostics and therapy. J Immunol Res. 2016;2016:4789279. 
doi:10.1155/2016/4789279 

282. Thurman M, Johnson S, Acharya A, Pallikkuth S, Mahesh M, Byrareddy SN. 
Biomarkers of activation and inflammation to track disparity in chronological and 
physiological age of people living with HIV on combination antiretroviral therapy. Mini 
Review. Front Immunol. 2020-October-09 2020;11(2658):583934. 
doi:10.3389/fimmu.2020.583934 

283. Shive CL, Jiang W, Anthony DD, Lederman MM. Soluble CD14 is a nonspecific 
marker of monocyte activation. AIDS. Jun 19 2015;29(10):1263-5. 
doi:10.1097/QAD.0000000000000735 

284. Abad-Fernandez M, Vallejo A, Hernandez-Novoa B, et al. Correlation between 
different methods to measure microbial translocation and its association with immune 
activation in long-term suppressed HIV-1-infected individuals. J Acquir Immune Defic 
Syndr. Oct 1 2013;64(2):149-53. doi:10.1097/QAI.0b013e31829a2f12 



79 

285. Brenchley JM, Price DA, Schacker TW, et al. Microbial translocation is a cause of 
systemic immune activation in chronic HIV infection. Nat Med. Dec 2006;12(12):1365-
71. doi:10.1038/nm1511 

286. Babu H, Ambikan AT, Gabriel EE, et al. Systemic inflammation and the increased 
risk of inflamm-aging and age-associated diseases in people living with HIV on long 
term suppressive antiretroviral therapy. Front Immunol. 2019;10:1965. 
doi:10.3389/fimmu.2019.01965 

287. Kelesidis T, Kendall MA, Yang OO, Hodis HN, Currier JS. Biomarkers of 
microbial translocation and macrophage activation: association with progression of 
subclinical atherosclerosis in HIV-1 infection. J Infect Dis. Nov 15 2012;206(10):1558-
67. doi:10.1093/infdis/jis545 

288. Merlini E, Luzi K, Suardi E, et al. T-cell phenotypes, apoptosis and inflammation 
in HIV+ patients on virologically effective cART with early atherosclerosis. PLoS One. 
2012;7(9):e46073. doi:10.1371/journal.pone.0046073 

289. Reiner AP, Lange EM, Jenny NS, et al. Soluble CD14: genomewide association 
analysis and relationship to cardiovascular risk and mortality in older adults. Arterioscler 
Thromb Vasc Biol. Jan 2013;33(1):158-64. doi:10.1161/ATVBAHA.112.300421 

290. Poesen R, Ramezani A, Claes K, et al. Associations of soluble CD14 and endotoxin 
with mortality, cardiovascular disease, and progression of kidney disease among patients 
with CKD. Clin J Am Soc Nephrol. Sep 4 2015;10(9):1525-33. 
doi:10.2215/CJN.03100315 

291. Ogawa Y, Imajo K, Yoneda M, et al. Soluble CD14 levels reflect liver 
inflammation in patients with nonalcoholic steatohepatitis. PLoS One. 2013;8(6):e65211. 
doi:10.1371/journal.pone.0065211 

292. Saha B, Tornai D, Kodys K, et al. Biomarkers of macrophage activation and 
immune danger signals predict clinical outcomes in alcoholic hepatitis. Hepatology. Oct 
2019;70(4):1134-1149. doi:10.1002/hep.30617 

293. Urbaschek R, McCuskey RS, Rudi V, et al. Endotoxin, endotoxin-neutralizing-
capacity, sCD14, sICAM-1, and cytokines in patients with various degrees of alcoholic 
liver disease. Alcohol Clin Exp Res. Feb 2001;25(2):261-8.  



80 

294. French AL, Evans CT, Agniel DM, et al. Microbial translocation and liver disease 
progression in women coinfected with HIV and hepatitis C virus. J Infect Dis. Aug 15 
2013;208(4):679-89. doi:10.1093/infdis/jit225 

295. Maurice JB, Garvey L, Tsochatzis EA, et al. Monocyte-macrophage activation is 
associated with nonalcoholic fatty liver disease and liver fibrosis in HIV monoinfection 
independently of the gut microbiome and bacterial translocation. AIDS. Apr 1 
2019;33(5):805-814. doi:10.1097/QAD.0000000000002133 

296. Pase MP, Himali JJ, Beiser AS, et al. Association of CD14 with incident dementia 
and markers of brain aging and injury. Neurology. Jan 21 2020;94(3):e254-e266. 
doi:10.1212/WNL.0000000000008682 

297. Sandler NG, Wand H, Roque A, et al. Plasma levels of soluble CD14 
independently predict mortality in HIV infection. J Infect Dis. Mar 15 2011;203(6):780-
90. doi:10.1093/infdis/jiq118 

298. So-Armah KA, Tate JP, Chang C-CH, et al. Do biomarkers of inflammation, 
monocyte activation, and altered coagulation explain excess mortality between HIV 
infected and uninfected people? J Acquir Immune Defic Syndr. 2016;72(2) 

299. Moller HJ. Soluble CD163. Scand J Clin Lab Invest. Feb 2012;72(1):1-13. 
doi:10.3109/00365513.2011.626868 

300. Etzerodt A, Moestrup SK. CD163 and inflammation: biological, diagnostic, and 
therapeutic aspects. Antioxid Redox Signal. Jun 10 2013;18(17):2352-63. 
doi:10.1089/ars.2012.4834 

301. Burdo TH, Lentz MR, Autissier P, et al. Soluble CD163 made by 
monocyte/macrophages is a novel marker of HIV activity in early and chronic infection 
prior to and after anti-retroviral therapy. J Infect Dis. Jul 1 2011;204(1):154-63. 
doi:10.1093/infdis/jir214 

302. Knudsen TB, Ertner G, Petersen J, et al. Plasma soluble CD163 level independently 
predicts all-cause mortality in HIV-1-infected individuals. J Infect Dis. Oct 15 
2016;214(8):1198-204. doi:10.1093/infdis/jiw263 



81 

303. Nielsen MC, Hvidbjerg Gantzel R, Claria J, Trebicka J, Moller HJ, Gronbaek H. 
Macrophage activation markers, CD163 and CD206, in acute-on-chronic liver failure. 
Cells. May 9 2020;9(5):1175. doi:10.3390/cells9051175 

304. Kazankov K, Barrera F, Moller HJ, et al. The macrophage activation marker 
sCD163 is associated with morphological disease stages in patients with non-alcoholic 
fatty liver disease. Liver Int. Oct 2016;36(10):1549-57. doi:10.1111/liv.13150 

305. Burdo TH, Weiffenbach A, Woods SP, Letendre S, Ellis RJ, Williams KC. 
Elevated sCD163 in plasma but not cerebrospinal fluid is a marker of neurocognitive 
impairment in HIV infection. AIDS. Jun 1 2013;27(9):1387-95. 
doi:10.1097/QAD.0b013e32836010bd 

306. de Oliveira MF, Murrell B, Perez-Santiago J, et al. Circulating HIV DNA 
correlates with neurocognitive impairment in older HIV-infected adults on suppressive 
ART. Sci Rep. Nov 25 2015;5:17094. doi:10.1038/srep17094 

307. De Milito A, Aleman S, Marenzi R, et al. Plasma levels of soluble CD27: a simple 
marker to monitor immune activation during potent antiretroviral therapy in HIV-1-
infected subjects. Clin Exp Immunol. Mar 2002;127(3):486-94. doi:10.1046/j.1365-
2249.2002.01786.x 

308. Widney D, Gundapp G, Said JW, et al. Aberrant expression of CD27 and soluble 
CD27 (sCD27) in HIV infection and in AIDS-associated lymphoma. Clin Immunol. Nov 
1999;93(2):114-23. doi:10.1006/clim.1999.4782 

309. Breen EC, Hussain SK, Magpantay L, et al. B-cell stimulatory cytokines and 
markers of immune activation are elevated several years prior to the diagnosis of 
systemic AIDS-associated non-Hodgkin B-cell lymphoma. Cancer Epidemiol 
Biomarkers Prev. Jul 2011;20(7):1303-14. doi:10.1158/1055-9965.EPI-11-0037 

310. Kalayjian RC, Machekano RN, Rizk N, et al. Pretreatment levels of soluble cellular 
receptors and interleukin-6 are associated with HIV disease progression in subjects 
treated with highly active antiretroviral therapy. J Infect Dis. Jun 15 2010;201(12):1796-
805. doi:10.1086/652750 

311. Gowda C, Hadley C, Aiello AE. The association between food insecurity and 
inflammation in the US adult population. Am J Public Health. Aug 2012;102(8):1579-86. 
doi:10.2105/AJPH.2011.300551 



82 

312. Ford ES. Food security and cardiovascular disease risk among adults in the United 
States: findings from the National Health and Nutrition Examination Survey, 2003-2008. 
Prev Chronic Dis. Dec 5 2013;10:E202. doi:10.5888/pcd10.130244 

313. Leung CW, Zhou MS. Household food insecurity and the association with 
cumulative biological risk among lower-income adults: Results from the National Health 
and Nutrition Examination Surveys 2007-2010. Nutrients. May 23 2020;12(5):1517. 
doi:10.3390/nu12051517 

314. Bergmans RS, Palta M, Robert SA, Berger LM, Ehrenthal DB, Malecki KM. 
Associations between food security status and dietary inflammatory potential within 
lower-income adults from the United States National Health and Nutrition Examination 
Survey, cycles 2007 to 2014. J Acad Nutr Diet. Jun 2018;118(6):994-1005. 
doi:10.1016/j.jand.2017.12.003 

315. Shivappa N, Steck SE, Hurley TG, Hussey JR, Hebert JR. Designing and 
developing a literature-derived, population-based dietary inflammatory index. Public 
Health Nutr. Aug 2014;17(8):1689-96. doi:10.1017/S1368980013002115 

316. Leddy AM, Roque A, Sheira LA, et al. Food insecurity is associated with 
inflammation among women living with HIV. J Infect Dis. Jan 9 2019;219(3):429-436. 
doi:10.1093/infdis/jiy511 

317. Peters BA, Sheira LA, Hanna DB, et al. Food insecurity and T-cell dysregulation in 
women living with HIV on antiretroviral therapy. Clin Infect Dis. Nov 28 
2020;doi:10.1093/cid/ciaa1771 

318. Khan RS, Bril F, Cusi K, Newsome PN. Modulation of insulin resistance in 
nonalcoholic fatty liver disease. Hepatology. Aug 2019;70(2):711-724. 
doi:10.1002/hep.30429 

319. Asrih M, Jornayvaz FR. Inflammation as a potential link between nonalcoholic 
fatty liver disease and insulin resistance. J Endocrinol. Sep 2013;218(3):R25-36. 
doi:10.1530/JOE-13-0201 

320. Ma L, Wang J, Li Y. Insulin resistance and cognitive dysfunction. Clin Chim Acta. 
Apr 15 2015;444:18-23. doi:10.1016/j.cca.2015.01.027 



83 

321. Lutski M, Weinstein G, Goldbourt U, Tanne D. Insulin resistance and future 
cognitive performance and cognitive decline in elderly patients with cardiovascular 
disease. J Alzheimers Dis. 2017;57(2):633-643. doi:10.3233/JAD-161016 

322. McClain AC, Xiao RS, Gao X, Tucker KL, Falcon LM, Mattei J. Food insecurity 
and odds of high allostatic load in Puerto Rican adults: The role of participation in the 
Supplemental Nutrition Assistance Program during 5 years of follow-up. Psychosom 
Med. Oct 2018;80(8):733-741. doi:10.1097/PSY.0000000000000628 

323. Weiss JJ, Sanchez L, Hubbard J, Lo J, Grinspoon SK, Fitch KV. Diet quality is low 
and differs by sex in people with HIV. J Nutr. Jan 1 2019;149(1):78-87. 
doi:10.1093/jn/nxy241 



 84   

 
Table 2.1. Non-invasive Assessments for NAFLD 

 Biological Imaging 
Liver Steatosis Fatty Liver Index (FLI) 

BMI, waist circumference, triglycerides, and GGT 

U.S. FLI 
Age, race/ethnicity, waist circumference, GGT, fasting 
insulin, and fasting glucose 

Hepatic Steatosis Index (HSI) 
BMI, diabetes, and ALT/AST ratio 

NAFL Screening Score 
Age, fasting blood glucose, BMI, triglyceride, ALT/AST 

ratio, and uric acid 

Ultrasound (US) 

Computed tomography (CT) 

Controlled attenuation parameter (CAP) 

Magnetic resonance imaging-derived proton 
density fat fraction (MRI-PDFF) 

Liver Fibrosis Fibrosis-4 Index (FIB-4) 
Age, AST, ALT, platelets 

AST-to-Platelet Ratio Index (APRI) 
AST, platelets 

NAFLD Fibrosis Score (NFS) 
Age, BMI, hyperglycemia, AST/ALT ratio, platelets, and 

albumin 

Enhanced Liver Fibrosis (ELF) 
2.278+0.851 ln(HA)+0.751 ln(P3NP)+0.394 ln( TIMP-1) 

Transient elastography (TE) 

Shear wave elastography (SWE) 

Acoustic radiation force impulse (ARFI) 

Magnetic resonance elastography (MRE) 

Abbreviations: ALT, alanine aminotransferase; AST, aspartate aminotransferase; GGT, gamma-glutamyl transferase; HA, hyaluronic acid; P3NP, 
propeptide of procollagen type III; TIMP-1, tissue inhibitor of matrix metalloproteinases-1 
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Table 2.2. Summary of Studies on Food Insecurity and Cognitive Impairment 
Author, 

Date 
Design Population 

Food 
Insecurity Cognitive Impairment Main Findings 

Gao, 2009 
 
Cross-
sectional 

1,358 Hispanic 
adults from the 
BPRHS, ages 45-75 
years 
 
 

HFSS Primary: MMSE < 24 
Secondary: 16-word list learning test, 
digit span forward and back, Stroop 
test, verbal fluency, clock drawing, 
figure copying 

87.9% were food-secure (high and marginal food security), 
6.0% had LFS, 6.1% had VLFS. VLFS was associated with 
lower MMSE scores (adjusted means 22.5±0.4 vs 23.4±0.1, 
p<0.001) and higher odds of cognitive impairment (adjusted 
OR: 2.28; 95% CI: 1.26, 4.12) compared to high-marginal 
food security. On the MMSE subscales, FI was associated 
with lower scores on executive function (p=0.003 for trend), 
but not memory or attention. FI was also associated with 
lower scores for word-list learning, percentage retention, 
letter fluency, and digit span backward. 

Wong, 2016 
 
Longitudinal 

597 Hispanic adults 
from the BPRHS, 
ages 40-75 years, 
MMSE ≥ 24 at 
baseline 

HFSS Global Deficit Score (GDS): a 
composite score of the MMSE, 16-
word list learning test, digit span 
forward and back, Stroop test, verbal 
fluency, clock drawing, figure copying 

At baseline, 87.9% were food-secure (high and marginal 
food security), 5.5% had LFS, 4% had VLFS. 
VLFS was associated with a significant decline in the global 
cognitive score (Mdiff: -0.26, 95% CI: -0.41, -0.10) 
compared to food security. VLFS was associated with a 
decline in executive function (Mdiff: -0.47, 95% CI: -0.77, -
0.18), but not memory (Mdiff: -0.08, 95% CI: -0.46, 0.30). 

Hessol, 2017 
Cross-
sectional 

230 PLWH, ages 
≥50 

HFSS MoCA < 26 68% were food-secure (high and marginal food security), 
15% had LFS, and 17% had VLFS. Cognitive impairment 
was not associated with LFS (OR: 1.15, 95% CI: 0.65–2.03) 
or VLFS (OR: 1.27, 95% CI: 0.75–2.16). 

Hobkirk, 
2017 
 
Cross-
sectional 

61 PLWH (mean 
age 46.3±10.7) and 
36 HIV-uninfected 
adults (mean age 
44.4±12.0)  

HFIAS Neuropsychological battery: 
information processing, learning, 
memory, executive functioning, verbal 
fluency, attention, motor skills 
Global Deficit Score (GDS): average of 
the deficit scores on all cognitive 
domains  

49% of PLWH and 44% of HIV-uninfected participants 
endorsed at least one FI criteria. Across all participants, FI 
was associated with deficit scores speed of information 
processing, but not any other domain or GDS. There were 
significant FI-HIV interaction effects on information 
processing, learning, memory, motor function, and the GDS. 
Among PLWH, but not HIV-uninfected, FI was associated 
with deficit scores on information processing, learning, 
motor function, and the GDS. 
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Author, 
Date 

Design Population 
Food 

Insecurity Cognitive Impairment Main Findings 

Frith, 2018 
 
Cross-
sectional 

1,851 adults from 
NHANES (1999-
2002), ages 60-85 
years 

HFSS Digit Symbol Substitution Test (DSST) 88.5%, 5%, 4.4%, and 2.1% had full, marginal, low, and 
VLFS, respectively. Compared to fully food security, 
marginally (β= -13.4; 95% CI: -17.6, -9.2), LFS (β=-10.9; 
95% CI: -17.6, -4.1) and VLFS (β= -22.2; 95% CI: -28.6, -
15.8) had significantly lower DSST scores. 

Portela-
Parra, 2019 
Cross-
sectional 

1,823 adults from 
NHANES (2011-
2014), ages ≥60 
years, < 300% 
poverty level 

HFSS CERAD word learning, CERAD 
delayed word recall, the Animal 
Fluency Test (AFT), DSST 
Overall cognitive function score: 
average of individual tests 

23.7% were food-insecure. FI was associated with lower 
scores on the CERAD word learning subtest (β= −0.14, 95% 
CI: −0.26, −0.01), AFT (β= −0.13, 95% CI: −0.25, −0.002), 
DSST (β=−0.24, 95% CI: −0.33, −0.15), and overall 
cognitive function (β= −0.15, 95% CI: −0.26, −0.05). 

Tong, 2019 
Cross-
sectional 

350 homeless adults, 
ages 58 (54-61) 
years 

HFSS Modified MMSE (3MS) < 1.5 SD from 
the mean (< 7th percentile) 

44.6% had high-marginal food security, 31.1% had LFS, 
24.3% had VLFS. 25.8% had cognitive impairment. 
Cognitive impairment was associated with 2.21 (1.12, 4.35) 
times the odds for VLFS, adjusted for confounders. 

Abbreviations: BPRHS, Boston Puerto Rican Health Study; CERAD, Consortium to Establish a Registry for Alzheimer’s Disease; DSST, Digit Symbol 
Substitution Test; FI, food insecurity; GDS, global deficit score; HFIAS, Household Food Insecurity Access Scale; HFSS, U.S. Household Food 
Security Survey; LFS, low food security; Mdiff, mean difference; MMSE, Mini-Mental State Examination; MoCA, Montreal Cognitive Assessment; 
NHANES, National Health and Nutrition Examination Survey; VLFS, very low food security 
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Table 2.3. Summary of Studies on Food Insecurity and Immune Dysfunction 
Author, 

Date 
Design Population 

Food 
Insecurity Outcome Main Findings 

Gowda, 
2012 
 
Cross-
sectional 

12,191 adults from 
NHANES 1999-2006, 
ages ≥18 years  

HFSS CRP, WBC 7.5% were marginally food-secure and 14.0% had low or VLFS. 
FI (low or VLFS) was associated with 1.21 (95% CI: 1.04, 1.40) times 
the odds of being in the highest quartile of CRP and 1.36 (95% CI: 1.11, 
1.67) times the odds of having high WBC count (>10,000/µL) compared 
to food security, adjusted for confounders. WBC count was a partial 
mediator between FI and CRP (Sobel test p<0.001). 

Ford, 2013 
 
Cross-
sectional 

10,455 adults from 
NHANES 2003-2008, 
ages ≥20 years 

HFSS CRP > 3 mg/L 6.7% had marginal, 5.8% had low, and 3.6% had VLFS. 
VLFS was associated with higher mean CRP (4.8 vs. 3.9, p=0.04), a 
higher prevalence of elevated CRP (42.4 vs. 31.5%, p<0.001), and 1.25 
(95% CI: 1.03, 1.51) times the odds for elevated CRP compared to full 
food security, adjusted for confounders. However, the increased risk for 
elevated CRP was lost when additionally adjusted for HbA1c, systolic 
blood pressure, total cholesterol, high-density lipoprotein cholesterol, 
body mass index, and urinary albumin-creatinine ratio (adjusted OR: 
0.98, 95% CI: 0.82, 1.18). 

Bergmans, 
2018 
Cross-
sectional 

10.630 adults from 
NHANES 2007-2014, 
ages ≥20 years, and 
income-to-poverty ratio 
≤3.0 

HFSS DII 14.4% had marginal, 17.3% had low, and 10.7% had VLFS. 
FI was associated with a dose-response effect on DII scores: marginal 
(β=0.14, 95% CI: -0.04, 0.32), low (β=0.17, 95% CI: 0.02, 0.32), and 
VLFS (β=0.31, 95% CI: 0.12, 0.49) having increasingly higher mean DII 
scores compared to full food security, adjusted for covariates.  

Bermudez-
Millan, 
2019 
Cross-
sectional 

121 Latino/Hispanic 
adults with type 2 
diabetes, ages 60.7±11.6 
years 

6-item 
HFSS, short 
form 

hs-CRP 68% were classified as food insecure. 
FI was associated with higher hs-CRP (10.5±12.9 vs. 9.7 ± 26.1, 
p=0.008). Hs-CRP (and cortisol) partially mediated the relationship 
between FI and HOMA-IR. 
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Author, 
Date 

Design Population 
Food 

Insecurity Outcome Main Findings 

Leddy, 2019 
 
Cross-
sectional 

421 HIV+ women on 
ART, ages 47 (40–52) 
years 
79% were virally 
suppressed (<20 
copies/mL) and 70% had 
CD4 cell count ≥500 
cells/mm3 

HFSS IL-6 
TNFR1 

31% were food-insecure (marginal, low, or VLFS). 
FI was associated with 1.23 times higher IL-6 (95% CI: 1.06–1.44) and 
1.13 times higher TNFR1 (95% CI: 1.05–1.21), adjusted for confounders. 
Dietary intakes were not associated with the inflammatory markers. 

Peters, 2020 
 
Cross-
sectional 

241 HIV+ women on 
ART, ages 46 (40–50) 
years 
74.6% were virally 
suppressed (<40 
copies/mL) and 68.3% 
had CD4 cell count ≥500 
cells/mm3 

HFSS CD4+ and CD8+: 
%CD38+HLADR+ 
%CD57+CD28− 
%PD-1+ 
%CD57− CD28+ 

43% were food-insecure (marginal, low, or VLFS). 
FI was associated with increased CD4+ and CD8+ activation 
(%CD38+HLADR+), increased senescence of CD8+ T cells 
(%CD57+CD28−), increased exhaustion of CD4+ T cells (%PD-1+), and 
decreased co-stimulation of CD4+ and CD8+ T cells (%CD57− CD28+), 
after adjusting for confounders.  
There were no significant differences in sCD14, sCD163, or I-FABP 

Abbreviations: CRP, C-reactive protein; DII, Dietary Inflammatory Index; FI, food insecurity; HOMA-IR, homeostasis model assessment of insulin 
resistance; hs-CRP, high-sensitivity C-reactive protein; I-FABP, intestinal fatty acid binding protein; IL, interleukin; TNFR, tumor necrosis factor 
receptor; WBC, white blood count 
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CHAPTER III:  ASSOCIATION OF FOOD INSECURITY WITH 

NONALCOHOLIC FATTY LIVER DISEASE1  

Abstract 

Background: Nonalcoholic fatty liver disease (NAFLD) is the most prevalent liver 

disease in the United States. Food-insecure individuals often depend on low-cost, energy-

dense but nutritionally-poor foods, resulting in obesity and chronic diseases related to 

NAFLD.  

Objective: To determine whether food insecurity is associated with NAFLD in a cohort 

of HIV and HCV infected and uninfected adults. 

Methods: Cross-sectional analysis of low-income, middle-aged adults from the Miami 

Adult Studies on HIV (MASH) cohort without history of excessive alcohol consumption. 

Food security was assessed with the USDA’s Household Food Security Survey. Magnetic 

resonance imaging was used to assess liver steatosis and fibrosis. Metabolic parameters 

were assessed from fasting blood, anthropometrics, and vitals.  

Results: Of the total 603 participants, 32.0% reported food insecurity. The prevalence of 

NAFLD, fibrosis, and advanced fibrosis were 16.1%, 15.1%, and 4.6%, respectively. For 

every 5 kg/m2 increase in BMI, the odds of NAFLD increased by a factor of 3.83 (95% 

CI: 2.37, 6.19) in food-insecure participants compared to 1.32 (95% CI: 1.04, 1.67) in 

food-secure participants. Food insecurity was associated with increased odds for any liver 

fibrosis (OR:1.65, 95% CI: 1.01, 2.72) and advanced liver fibrosis (OR: 2.82, 95% CI: 

 

1 Reprinted from: Tamargo JA, Sherman KE, Campa A, et al. Food insecurity is associated with magnetic 
resonance–determined nonalcoholic fatty liver and liver fibrosis in low-income, middle-aged adults with 
and without HIV. Am J Clin Nutr. 2021;113(3):593-601. doi:10.1093/ajcn/nqaa362 
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1.22, 6.54), adjusted for confounders. HIV and HCV infections were associated with 

increased risk for fibrosis, but the relationship between food insecurity and liver fibrosis 

did not differ from uninfected participants.  

Conclusions: Among low-income, middle-aged adults, food insecurity exacerbated the 

risk for NAFLD associated with higher BMI and independently increased the risk for 

advanced liver fibrosis. People who experience food insecurity, particularly those 

vulnerable to chronic diseases and viral infections, may be at increased risk for liver-

related morbidity and mortality. Improving access to adequate nutrition and preventing 

obesity among low-income groups may lessen the growing burden of NAFLD and other 

chronic diseases. 

 

Introduction 

 Food insecurity is a socioeconomic condition in which households experience 

inadequate access to sufficient and nutritious foods.1 Individuals who experience food 

insecurity often depend on low-cost, energy-dense but nutritionally-poor foods, usually 

consisting of refined carbohydrates, added sugars, fats, and sodium.2 Food insecurity is 

also associated with overconsumption when food is available,3,4 but not necessarily with 

lower energy intakes.5 These factors result in food insecurity contributing to obesity and 

associated chronic diseases.6,7 Food insecurity is reported by 14.3 million (11.1%) 

households in the United States, disproportionately affecting minorities and other 

marginalized groups.1,8  

 Nonalcoholic fatty liver disease (NAFLD) has become the most prevalent liver 

disease in the United States and other Western countries, with a rise in prevalence that 
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parallels that of obesity9 and metabolic syndrome (MetS).10 Between a quarter and a third 

of all U.S. adults11-13 are estimated to have NAFLD, which encompasses nonalcoholic 

fatty liver (liver steatosis), nonalcoholic steatohepatitis (NASH), and cirrhosis in the 

absence of significant alcohol consumption or hereditary disorders.14 Chronic hepatocyte 

injury caused by hepatitis infection, heavy drinking, and NAFLD/NASH leads to liver 

fibrosis, or the scarring of liver tissue. Even after sustained virological response of 

chronic hepatitis C, older age and high body mass index are associated with persisting 

fibrosis.15 Advanced liver fibrosis can result in liver failure, portal hypertension, and 

cirrhosis, which may require liver transplantation. While the relationship between food 

insecurity and liver diseases has remained largely unexplored, Golovaty et al. found an 

association between food insecurity and increased risk of NAFLD and advanced liver 

fibrosis among low-income U.S. adults.16  

 People living with HIV (PLWH) are among those disproportionately affected by 

socioeconomic hardships and stigma,17 including food insecurity.18-21 Additionally, 

PLWH are at increased risk for chronic diseases,22,23 including liver diseases.24 Moreover, 

due to several compounding factors, liver disease progression is accelerated in PLWH.25 

As viral hepatitis infections are increasingly treated, the burden of fatty liver disease 

among PLWH has garnered recognition.25 In PLWH, NAFLD is estimated in 30-65%26,27 

and liver fibrosis in 8-17%.28,29 Both in the general population30,31 and PLWH,32,33 food 

insecurity has been linked to substance abuse, which in turn may result in increased risk 

for liver disease.34 We have shown that cocaine use is a risk factor for liver fibrosis35-37 

and mortality in PLWH.36 
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 While liver biopsy is considered the “gold standard” for determining NAFLD and 

liver fibrosis, it is costly and invasive with potential health complications in addition to 

high inter- and intra-observer variability.38 Magnetic resonance (MR)-based assessments, 

such as MR imaging-derived proton density fat fraction (MRI-PDFF) and MR 

elastography (MRE), are currently regarded as the most accurate noninvasive techniques 

for assessment of liver steatosis and fibrosis, respectively.39-42 The objective of this study 

was to determine whether food insecurity is associated with NAFLD using accurate, non-

invasive MR technology in a cohort of HIV and/or hepatitis C virus (HCV) infected and 

uninfected adults. 

  



93 

Methods 

Study subjects 

 The study consisted of a cross-sectional analysis of baseline data from the Miami 

Adult Studies on HIV (MASH) cohort, which follows people living with and without 

HIV for patterns of substance use and health disparities, with a focus on liver disease and 

related comorbidities. From October of 2016 through February of 2020, 1,031 MASH 

cohort participants had completed a baseline assessment. Participants in the MASH 

cohort are 40 years of age or older and seronegative for hepatitis B virus. This study was 

approved by the Florida International University Institutional Review Board and all 

participants provided written consent for participation in the study, release of medical 

information, and MR assessments. Exclusion criteria consisted of contraindications for 

MR (e.g., claustrophobia, ferromagnetic implant, poor fit due to body size [waist 

circumference greater than ~55 inches/140 cm]), self-reported current or prior alcohol 

consumption of more than 14 drinks per week for women and 21 for men,14 underweight, 

and documented inherited liver disease (e.g., Wilson’s disease) from medical records. 

Food insecurity 

 Food insecurity was determined with the USDA’s 18-item Household Food 

Security Survey, which assesses a respondent’s perceived food sufficiency and adequacy, 

food-related anxiety, and instances of hunger that occurred in the household during the 

past 12 months.43 The total sum of affirmative responses was used to categorize food 

security status as food-secure (scores 0−2) or food-insecure (scores ≥3). We further 

explored food insecurity by levels of severity as follows: full food security (score of 0), 

marginal food security (scores 1−2), low food security (LFS; scores 3−7 for households 
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with children and 3−5 without children), and very low food security (VLFS; scores ≥8 

with children and ≥6 without children).  

Outcomes 

 The primary endpoints of this study were the presence of nonalcoholic fatty liver 

(steatosis) and fibrosis. Liver fat content was assessed via magnetic resonance imaging-

derived measurement of proton density fat fraction (MRI-PDFF). Liver fibrosis was 

assessed via liver stiffness (LS) measurement by magnetic resonance elastography 

(MRE). These were conducted on a 3T Siemens MAGNETOM Prisma scanner. NAFLD 

was considered present if MRI-PDFF >5%.14 Liver fibrosis was defined as LS ≥2.9 kPa, 

which is consistent with histologically-proven liver fibrosis stage 1 or higher, and 

advanced fibrosis was defined as LS ≥3.8 kPa, consistent with histologically-proven liver 

fibrosis stage 3 or higher.44 

Covariates 

 Demographic data were self-reported. Substance use was determined by self-report 

and urine drug screen, including tobacco, marijuana, cocaine, methamphetamines, and 

opiates. Alcohol consumption was determined as drinks per week from self-report. 

Anthropometrics and blood pressure were measured by trained research staff. Fasting 

blood samples were used to evaluate serum concentrations of glucose, triglycerides, and 

liver enzymes. Insulin resistance was measured with the triglyceride and glucose (TyG) 

index,45,46 calculated as: 

𝐿𝐿𝐿𝐿(𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓 𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡 [𝑚𝑚𝑚𝑚 𝑑𝑑𝑑𝑑⁄ ] ∗ 𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓 𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔[𝑚𝑚𝑚𝑚/𝑑𝑑𝑑𝑑])/2 

 HIV and HCV viral loads and CD4 cell counts were abstracted from medical 

records. HIV viral suppression was defined as plasma HIV RNA <200 copies/mL. Body 
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mass index (BMI) was calculated and expressed in 5 kg/m2 increments. Obesity was 

defined as having a BMI ≥30 kg/m2. Criteria for MetS consisted of the presence of any 3 

out of the following: abdominal obesity (waist circumference ≥35 inches for women and 

≥40 inches for men), hypertriglyceridemia (TG ≥150 mg/dL), reduced high-density 

lipoprotein cholesterol (HDL-C) (≤50 for women and ≤40 mg/dL in men), hypertension 

(≥130 mm Hg systolic or ≥85 mm Hg diastolic blood pressure), or hyperglycemia 

(fasting plasma glucose ≥100 mg/dL).47  

Statistical analysis 

 Descriptive statistics consisted of Chi-square tests for categorical variables and T-

test (or nonparametric Wilcoxon rank-sum test) for continuous variables; reported as No. 

(%) and mean ± standard deviation (SD) or median (interquartile range, IQR). Univariate 

and multivariable binary logistic regressions were performed for NAFLD, any liver 

fibrosis, and advanced fibrosis; estimates reported as odds ratio (OR) or adjusted odds 

ratio (AOR) and 95% confidence intervals (CI). Candidates for multivariable regression 

models included HIV infection, HCV infection, substance use, and metabolic risk factors. 

Variables with P<0.25 in univariate analyses were selected for multivariable analyses. 

MetS and TyG index, if significant in univariate analyses, were included in separate 

multivariable models in order to avoid multicollinearity since these are composites of 

other confounders. In multivariable analyses, variables were removed from the model 

until only those factors with P<0.05 remained. Potential interactions between food 

insecurity and other confounders were explored by including interaction terms in the 

multivariable models. Potentially important sociodemographic confounders and alcohol 

consumption were retained in the models to obtain estimates adjusted for these 
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confounders. All data analysis was generated using SAS software, Version 9.4. Results 

were considered statistically significant at P<0.05 (two-sided). 

 

Results 

 
Figure 3.1. Flow Chart for MASH Cohort Participants Included in This Analysis 
Abbreviations: MR – magnetic resonance 
 
Study population 

 The characteristics of the study population are shown in Table 3.1, consisting of 

603 adults. Out of the total 1,031 MASH cohort participants at the time this analysis was 

conducted, 428 were excluded for MR scan ineligibility (n=354), excessive alcohol 

consumption (n=52), underweight (n=17), or missing important data (n=5) (Figure 3.1). 

Excluded participants were less likely to be male and infected with HIV or HCV 

(P<0.05), but no other characteristics significantly differed, including food insecurity. 

Participants were 55.2±6.2 years old and predominantly male (56.0%) and Black non-

Hispanic (60.7%). Most were unmarried (89.4%) and without children (91.7%), with 

1.8±1.3 members per household. In total, 51.4% of participants were disabled and 36.0% 
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were otherwise unemployed. Accordingly, 76.6% of participants lived in households that 

fell under the Federal Poverty Level, with 92.5% falling under 185%, and all below 

200% of poverty.  

 A total of 263 (43.6%) participants were living with HIV, 144 (23.9%) were 

seropositive for HCV, 64 (10.6%) were coinfected with both HIV and HCV, and 260 

(43.1%) were HIV/HCV-uninfected. Of those participants living with HIV, 98.5% 

reported antiretroviral therapy (ART) and 84.7% were virally suppressed. 

Food insecurity, metabolic parameters, and liver outcomes 

 A third of participants (32.0%) reported FI, with 87 (14.4)% and 106 (17.6)% 

having low and very low food security, respectively, and an additional 107 (17.7%) who 

reported marginal food security. Food-insecure participants had lower incomes than those 

who were food-secure. Higher proportions of food-insecure participants tended to be 

smokers (P=0.09) and cocaine users (P=0.07) than those who were food-secure. 

Participants with VLFS were more likely to use more than one illicit substance than food-

secure participants (OR=1.63, 95% CI: 1.11, 2.39; P=0.013). No other characteristic 

significantly differed between the two groups (Table 3.1). Most of the participants were 

overweight (33.6%) or obese (41.5%), and 21.1% met the criteria for MetS. No 

significant difference was observed between food-secure and food-insecure individuals in 

any of the metabolic parameters evaluated.  

 There were 96 (16.1%) participants with NAFLD, 91 (15.1%) with liver fibrosis, 

and 28 (4.6%) with advanced fibrosis. As shown in Figure 3.2, food-insecure individuals 

had higher proportions of advanced fibrosis (7.8 vs. 3.2%; P=0.01), as well as a tendency 

for any liver fibrosis (19.2 vs. 13.2%; P=0.06) compared to food-secure individuals, but 
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the frequency of NAFLD did not significantly differ  (16.0 vs. 16.1%; P=0.97). However, 

food insecurity was associated with a slightly higher but significant mean liver fat content 

among obese participants (4.8±2.0 vs. 3.8±1.9%; P=0.03), but not among non-obese 

participants (2.5±1.5 vs. 2.8±1.8%; P=0.18); P=0.001 for FI-obesity interaction. No 

significant differences were observed in serum values for AST, ALT, and AST/ALT ratio 

between food-secure and insecure participants or by levels of food insecurity. 

Nonalcoholic fatty liver 

 Univariate analyses for NAFLD risk are reported in Table 3.2. Food insecurity was 

not independently associated with NAFLD. The use of tobacco, cocaine, and cannabis 

were significantly associated with decreased odds for NAFLD. People living with HIV or 

HCV showed tendencies for lower odds of steatosis compared to uninfected individuals. 

Of the metabolic risk factors, BMI, and obesity, MetS, hyperglycemia, 

hypertriglyceridemia, abdominal obesity, and TyG index, were associated with NAFLD. 

Hypertension and reduced HDL-C were not significantly associated with NAFLD.  

  Multivariable analyses, shown in Table 3.3, revealed a significant interaction effect 

between food insecurity and BMI on the risk for NAFLD (P<0.0001). For every 5-unit 

increase in BMI, the odds of NAFLD were 3.83 (95% CI: 2.37, 6.19; P<0.0001) times 

higher in food-insecure participants compared to 1.32 (95% CI: 1.04, 1.67; P=0.02) times 

higher in food-secure participants. This is visually represented in Figure 3.3, which also 

compares the probability for NAFLD between food-secure and food-insecure individuals; 

food insecurity was associated with reduced odds for NAFLD at lower BMIs and with 

increased odds for NAFLD at higher BMIs. To better illustrate the relationship between 

food insecurity and NAFLD given the interaction with BMI, Table 3.3 also shows results 



99 

stratified by the presence of obesity (P=0.003 for interaction). Food insecurity, compared 

to food security, was associated with significantly lower odds of NAFLD in non-obese 

participants (AOR: 0.30, 95% CI: 0.11, 0.83; P=0.02) and a trend was observed for 

higher odds of liver steatosis in obese participants (AOR: 1.85, 95% CI: 0.98, 3.53; 

P=0.06).  

 We further explored the FI-BMI interaction effect on NAFLD risk by levels of food 

insecurity and 5-unit increases in BMI; see Table 3.4. Compared to full food security, 

VLFS was associated with increased risk for NAFLD at BMIs of 35 and 40 kg/m2, which 

correspond to the cutoffs for class II and class III obesity, respectively. 

 In addition to these findings, hyperglycemia (AOR: 2.48, 95% CI: 1.46, 4.20; 

P=0.0008), hypertriglyceridemia (AOR: 2.18, 95% CI: 1.29, 3.67; P=0.004), MetS 

(AOR: 3.20, 95% CI: 1.92, 5.32; P<0.0001), and TyG index (AOR: 2.57, 95% CI: 1.78, 

3.71; P<0.0001) were significantly associated with NAFLD. The use of tobacco, cocaine, 

and cannabis were no longer significant in multivariable analyses. 

Liver fibrosis 

 In univariate analyses for liver fibrosis (Table 3.2), food insecurity was 

independently associated with increased odds for advanced fibrosis (OR: 2.57, 95% CI: 

1.20, 5.52; P=0.02) and showed a trend in association with any liver fibrosis (OR: 1.56, 

95% CI: 0.99, 2.47; P=0.06). Additionally, a trend was seen for a dose-response effect 

between the severity of food insecurity and the risk for advanced fibrosis (P=0.08 for 

trend). Marginal, low, and VLFS were associated with 1.81, 2.73, and 3.42 times the risk 

for advanced liver fibrosis compared to full food security. Of the metabolic risk factors, 

reduced HDL-C and insulin resistance determined with TyG index were significantly 
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associated with any liver fibrosis. Hyperglycemia showed trends in association with any 

fibrosis and advanced liver fibrosis (P<0.1). No other metabolic parameter was 

significantly associated with liver fibrosis or advanced fibrosis. HIV and HCV infections 

were significantly associated with increased odds for any liver fibrosis, but only HCV 

was significantly associated with advanced fibrosis.  

 In multivariable analyses (Table 3.5), food insecurity (AOR: 1.65, 95% CI: 1.01, 

2.72 ; P=0.048), HIV infection (AOR: 2.07, 95% CI: 1.25, 3.44; P=0.005), HCV 

infection (AOR: 5.05, 95% CI: 3.07, 8.32; P<0.0001), hyperglycemia (AOR: 1.86, 95% 

CI: 1.07, 3.22; P=0.03), and TyG index (AOR: 1.59, 95% CI: 1.09, 2.32; P=0.02) were 

significantly associated with any fibrosis after adjustment for confounders. Food 

insecurity was also associated with advanced fibrosis (AOR: 2.82, 95% CI: 1.22, 6.54; 

P=0.02), as was HCV infection, but HIV infection and hyperglycemia were no longer 

significant. No significant interaction effects were identified for liver fibrosis. 

Furthermore, a sensitivity analysis excluding HCV-positive participants showed that food 

insecurity remained significantly associated with advanced liver fibrosis (OR: 5.23, 95% 

CI: 1.34, 20.48; P=0.02). 

 

Discussion 

 This report describes a unique study using non-invasive, MR-based objective 

measures of liver steatosis and fibrosis to determine whether food insecurity is associated 

with biomarkers of liver disease among a cohort of low-income, minority, middle-aged 

adults living with and without HIV and HCV infections. Food insecurity was associated 

with NAFLD depending on BMI; food insecurity was associated with greater liver fat 
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content only among obese participants. Food insecurity was also an independent risk 

factor for liver fibrosis, particularly advanced fibrosis. Additionally, the risk for advanced 

liver fibrosis correlated with the severity of food insecurity. These findings are highly 

relevant for the food-insecure population, particularly those living with HIV and/or HCV 

since they are already at increased risk of liver-related morbidity and mortality and suffer 

from disproportionately high rates of food insecurity. However, our findings did not show 

a cumulative effect of food insecurity and viral infections on liver disease, therefore 

indicating that food insecurity may be a clinically relevant independent risk factor for 

liver disease. 

 Nearly a third of our participants reported FI, which is consistent with the 29% 

prevalence among U.S. households with incomes below 185% of the federal poverty 

level 1. Using MRI-PDFF, our findings suggest a NAFLD prevalence of 16% within the 

cohort. The low prevalence of NAFLD compared to 25-33% in the general U.S. 

population11-13 might be related to the high proportion of Black non-Hispanic males in the 

MASH cohort,8,11 as well as increased accuracy from MRI-PDFF compared to other non-

invasive measures of liver steatosis.40  

 To the best of our knowledge, only one study has previously explored the 

relationship between food insecurity and NAFLD. Using NHANES data, Golovaty et al. 

estimated that 32% of U.S. adults living under 200% of the federal poverty level had 

NAFLD and 5% had advanced fibrosis.16 Similar to our results, food insecurity was 

associated with more than double the odds for advanced liver fibrosis, determined with 

the NAFLD Fibrosis Score, a non-invasive index that does not provide a direct 

measurement of fibrosis, but uses age, BMI, AST/ALT ratio, platelets, and albumin.48 In 
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contrast to our findings, Golovaty et al. also found that food insecurity was independently 

associated with increased odds of NAFLD using the U.S. Fatty Liver Index, also not a 

direct measure, but an algorithm incorporating race/ethnicity, age, waist circumference, 

glucose, and insulin levels.49 We have utilized MRE and MRI-PDFF, which represent 

valid and highly reproducible measurements of liver stiffness and liver fat.39,40 In 

addition, the participants in the Golovaty study were younger and had larger proportions 

of females and White non-Hispanics. Further, many of the participants in our study used 

tobacco, cocaine, or cannabis, all of which were significantly associated with decreased 

odds for liver steatosis. We also observed trends towards higher rates of smoking and 

cocaine use in food-insecure than food-secure participants, and VLFS was associated 

with increased polysubstance use. Nicotine, cocaine, and cannabis may lead to lower 

body weight through several mechanisms, including decreased appetite and altered 

metabolism.50 By decreasing body adiposity, substance abuse may partially explain the 

low prevalence of NAFLD in the cohort, as well as the decreased risk for NAFLD 

associated with food insecurity among non-obese participants. 

 There are several potential explanations for the effects of food insecurity on liver 

disease observed in this study. Food insecurity is associated with inadequate dietary 

intakes, limited food choices, poor diet quality with low-cost, high-fat, high-sugar, 

calorie-dense foods, and disrupted eating patterns that contribute to obesity 3,4. Moreover, 

food insecurity often forces individuals to make tradeoffs between buying food or 

obtaining medical care and medications.51,52 Consequently, food-insecure individuals are 

at increased risk for metabolic conditions, such as obesity and type 2 diabetes 7, which 

have bidirectional relationships with NAFLD.53,54 In this study, hyperglycemia and 
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insulin resistance were associated with NAFLD and liver fibrosis. Food insecurity may 

lead to poor glycemic control and insulin resistance by increased stress55,56 and poor 

adherence to medical recommendations.57 Indeed, type 2 diabetes and its precursor, 

insulin resistance, are key pathogenic mechanisms of NAFLD,58 promoting progression 

to NASH, advanced liver fibrosis,59-61 hepatocellular carcinoma,62 and mortality.63,64  

 The strengths of the study include the large sample of participants with outcome 

measures obtained with accurate, non-invasive MR technology, and a balanced study 

design that included PLWH, people infected or co-infected with HCV, and uninfected 

participants with similar sociodemographic characteristics. The use of MRI-PDFF and 

MRE provides a high level of accuracy compared to other non-invasive tests.40 Several 

limitations in this study should be noted. While the study included a large sample size, 

the relatively low frequency of advanced liver fibrosis warrants caution in the 

interpretation of the results. Alcohol consumption was self-reported, thus, subject to 

underreporting. It is also possible that some of the effect of food insecurity on liver 

fibrosis seen in this study may not be metabolic- or NAFLD-related; however, the 

association between food insecurity and advanced liver fibrosis was significant while 

controlling for and excluding HCV infection. Lastly, the cross-sectional design does not 

allow for temporality to be established. Indeed, it is possible that the association between 

food insecurity and liver fibrosis seen in this study may be related to reverse causation. 

For example, HIV/HCV infection may result in liver fibrosis and lead to psychosocial 

factors such as poverty and drug use, which then contribute to food insecurity. 

Decompensated cirrhosis may also result in hepatic encephalopathy with behavioral 

changes that contribute to FI; however, none of the participants in this study had 
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decompensated cirrhosis. Therefore, longitudinal studies are needed to better comprehend 

the potential role of food insecurity in the development and progression of liver diseases.  

 Our findings provide further evidence that food insecurity is a social determinant of 

health that contributes to the prevalence of liver disease.16 The burden of NAFLD is only 

expected to rise,65 and extrahepatic manifestations of NAFLD may promote the 

development or aggravation of other chronic comorbidities.66 The fact that food 

insecurity was independently associated with more than twice the risk for advanced liver 

fibrosis is particularly relevant to clinical outcomes since fibrosis stage, not NASH, 

predicts mortality in NAFLD patients.67  

Conclusions 

 Among low-income, middle-aged minorities living with and without HIV and/or 

HCV in the MASH cohort, food insecurity was associated with increased liver fat content 

among obese participants and increased risk for advanced liver fibrosis. People who 

experience FI, particularly those vulnerable to chronic diseases and viral infections, may 

be at increased risk for advanced liver disease, which in turn is associated with greater 

morbidity and mortality. Improving access to adequate nutrition and preventing obesity 

among low-income groups in the United States may lessen the growing burden of 

NAFLD and other metabolic chronic diseases. 
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Table 3.1. Sample Characteristics by Food Security Status 

Characteristics Category Total 
N=603 

 Food-Secure 
N=410 

Food-Insecure 
N=193  

  N (%) 
Mean ± SD 

 N (%) 
Mean ± SD 

N (%) 
Mean ± SD 

P1 

Age, years  55.5 ± 6.2  55.6 ± 6.2 55.2 ± 6.0 0.39 
Gender Male 338 (56.0)  234 (57.1) 104 (53.9) 0.46 
Race/ethnicity Black non-Hispanic 366 (60.7)  256 (62.4) 110 (57.0) 

0.35 
 White Hispanic 130 (21.6)  86 (21.0) 44 (22.8) 
 White non-Hispanic 55 (9.1)  32 (7.8) 23 (11.9) 
 Multiracial/other 52 (8.6)  36 (8.8) 16 (8.3) 
Marital Status Married 64 (10.6)  45 (11.0) 19 (9.8) 

0.53  Widowed, divorced, 
or separated 203 (33.7)  132 (32.2) 71 (36.6) 

 Single 336 (55.7)  233 (56.8) 103 (53.4) 
Household size  1.8 ± 1.3  1.8 ± 1.3 1.7 ± 1.2 0.46 
Children in 
Household 

 50 (8.3)  32 (7.8) 18 (9.3) 0.53 

Education Less than High-
School 240 (39.8)  169 (41.2) 71 (36.8) 

0.24  High-School or GED 173 (28.7)  109 (26.6) 64 (33.2) 
 Some College or 

more 190 (31.5)  132 (32.2) 58 (30.1) 

Employment Employed 76 (12.6)  59 (14.4) 17 (8.8) 

0.11 
 Disabled 310 (51.4)  202 (49.3) 108 (56.0) 
 Otherwise 

unemployed 217 (36.0)  149 (36.3) 68 (35.2) 

Income Less than $10,000 336 (55.7)  213 (52.0) 123 (63.4) 

0.01 
 $10,000 - $20,000 164 (27.2)  118 (28.8) 46 (23.8) 
 $20,000 - $30,000 56 (9.3)  38 (9.3) 18 (9.3) 
 $30,000 or more 47 (7.8)  41 (10.0) 6 (3.1) 

Poverty Below federal 
poverty level 462 (76.6)  303 (73.9) 159 (82.4) 0.02 

Substance Use Tobacco 298 (49.4)  193 (47.1) 105 (54.4) 0.09 
 Alcohol, drinks/week 0 (0, 1)1  0 (0, 1)1 1 (1, 2)1 0.45 
 Cocaine 225 (37.3)  143 (34.9) 82 (42.5) 0.07 
 Cannabis 166 (27.5)  108 (26.3) 58 (30.1) 0.34 
 Opiates 64 (10.6)  43 (10.5) 21 (10.8) 0.89 
Infection HIV 263 (43.6)  185 (45.1) 78 (40.4) 0.28 
 ART 259 (98.5)  183 (98.9) 76 (97.4) 0.58 
 HIV viral load 

< 200 copies/mL 222 (84.7)  160 (87.0) 62 (79.5) 0.12 
 CD4 (cells/mL) 597.8 ± 368.0  610.5 ± 384.0 566.6 ± 326.3 0.42 
 HCV 144 (23.9)  94 (22.9) 50 (25.9) 0.42 
Metabolic BMI, kg/m2 29.5 ± 6.1  29.6 ± 6.2 29.2 ± 6.0 0.55 
 Obese (BMI ≥ 30 

kg/m2) 250 (41.5)  174 (42.4) 76 (39.4) 0.48 
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Characteristics Category Total 
N=603 

 Food-Secure 
N=410 

Food-Insecure 
N=193  

  N (%) 
Mean ± SD 

 N (%) 
Mean ± SD 

N (%) 
Mean ± SD 

P1 
 MetS 127 (21.1)  89 (21.7) 38 (19.7) 0.57 
 Hyperglycemia 133 (22.1)  89 (21.7) 44 (22.8) 0.76 
 Hypertriglyceridemia 140 (23.2)  89 (21.7) 51 (26.4) 0.20 
 Hypertension 331 (54.9)  228 (55.6) 103 (53.4) 0.60 
 Reduced HDL-C 63 (10.5)  45 (11.0) 18 (9.3) 0.53 
 Abdominal obesity 317 (52.6)  210 (51.2) 107 (55.4) 0.33 
 TyG index 8.5 ± 0.6  8.5 ± 0.6 8.5 ± 0.6 0.59 
Hepatic ALT 18 (14, 27)2  19 (14, 27)2 18 (14, 27)2 0.83 
 AST 22 (17, 29)2  22 (17, 29)2 21 (17, 27)2 0.55 
 AST/ALT 1.23 ± 0.4  1.24 ± 0.4 1.22 ± 0.4 0.49 

1 Tests for group differences performed with Chi-square test for categorical outcomes and T-test (or 
Wilcoxon rank-sum) for continuous outcomes. 
2 Median (interquartile range) 
Abbreviations: ART- antiretroviral therapy; FS- food security; MetS- metabolic syndrome; TyG- 
triglyceride and glucose index 
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Table 3.2. Univariate Analyses for NAFLD (Liver Fat >5% via MRI-PDFF), Fibrosis (LS ≥2.9 kPa via MRE), and 
Advanced Fibrosis (LS ≥3.8 kPa via MRE) (N=603)1 

Parameter Category NAFLD (n=96) Any Fibrosis (n=91) Advanced Fibrosis (n=28) 

  OR (95% CI) P-value OR (95% CI) P-value OR (95% CI) P-value 
Food Insecurity Food insecure vs secure 0.99 (0.62, 1.58) 0.97 1.56 (0.99, 2.47) 0.06 2.57 (1.20, 5.52) 0.02 
 Marginal vs. full security 0.92 (0.50, 1.70) 0.79 0.55 (0.18, 1.73) 0.31 1.81 (0.58, 5.65) 0.31 

 Low vs. full security 0.67 (0.33, 1.39) 0.29 1.51 (0.45, 5.13) 0.51 2.73 (0.92, 8.10) 0.07 

 Very low vs. full security 1.28 (0.73, 2.26) 0.39 1.89 (0.61, 5.85) 0.27 3.42 (1.29, 9.11) 0.01 
Substance Use Tobacco 0.47 (0.30, 0.74) 0.001 0.95 (0.61, 1.49) 0.83 0.76 (0.35, 1.63) 0.48 

 Alcohol (drinks/week) 1.03 (0.97, 1.09) 0.40 0.97 (0.91, 1.05) 0.45 1.01 (0.90, 1.12) 0.93 

 Cocaine 0.50 (0.30, 0.81) 0.006 0.85 (0.53, 1.35) 0.49 0.93 (0.42, 2.05) 0.86 

 Cannabis 0.51 (0.29, 0.88) 0.02 1.21 (0.74, 1.96) 0.45 0.87 (0.36, 2.09) 0.76 

 Opiates 0.84 (0.40, 1.76) 0.65 1.34 (0.69, 2.63) 0.39 1.43 (0.48, 4.26) 0.52 
Infection HIV 0.73 (0.47, 1.14) 0.16 1.71 (1.09, 2.68) 0.02 1.31 (0.61, 2.80) 0.49 

 HCV 0.81 (0.48, 1.38) 0.44 4.84 (3.03, 7.72) <0.0001 13.62 (5.40, 34.32) <0.0001 
Metabolic BMI, per 5 kg/m2 1.75 (1.46, 2.09) <0.0001 0.90 (0.75, 1.09) 0.28 0.79 (0.56, 1.10) 0.16 

 Obesity 3.71 (2.33, 5.89) <0.0001 0.82 (0.52, 1.29) 0.39 0.78 (0.35, 1.71) 0.53 

 MetS 3.95 (2.49, 6.28) <0.0001 1.33 (0.79, 2.23) 0.29 1.02 (0.41, 2.58) 0.97 

 Hyperglycemia 2.92 (1.84, 4.63) <0.0001 1.62 (0.98, 2.67) 0.06 2.04 (0.92, 4.54) 0.08 

 Hypertriglyceridemia 2.64 (1.67, 4.18) <0.0001 0.99 (0.58, 1.68) 0.97 0.54 (0.18, 1.58) 0.26 

 Abdominal obesity 3.47 (2.11, 5.71) <0.0001 0.82 (0.53, 1.28) 0.38 0.66 (0.31, 1.43) 0.29 

 Hypertension 1.41 (0.91, 2.20) 0.13 1.24 (0.79, 1.95) 0.36 1.10 (0.51, 2.37) 0.81 

 Reduced HDL-C 1.42 (0.74, 2.72) 0.28 1.91 (1.02, 3.58) 0.04 1.94 (0.71, 5.29) 0.19 

 TyG index 2.72 (1.95, 3.79) <0.0001 1.45 (1.03, 2.03) 0.03 1.28 (0.72, 2.26) 0.39 
1 Statistical tests were performed using univariate logistic regressions and reported as odds ratio with 95% confidence interval (CI).Abbreviations: LS-
liver stiffness; MetS- metabolic syndrome; MRE- magnetic resonance elastography; MRI-PDFF- magnetic resonance imaging-derived measurement of 
proton density fat fraction; NAFLD- nonalcoholic fatty liver disease; TyG- triglyceride and glucose index 
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Table 3.3. Multivariable Analyses for NAFLD (Liver Fat >5%) Determined by 
MRI-Determined Proton Density Fat Fraction (MRI-PDFF) (N=603) 

Parameter  AOR (95% CI)1 P-value 
Hyperglycemia  2.48 (1.46, 4.20) 0.0008 
Hypertriglyceridemia  2.18 (1.29, 3.67) 0.004 
MetS2  3.20 (1.92, 5.32) <0.0001 
TyG index2  2.57 (1.78, 3.71) <0.0001 
Alcohol, drinks/week  1.06 (0.99, 1.13) 0.08 
Parameter Condition AOR (95% CI)1 P-value 
BMI, per 5 kg/m2  x Food insecurity (interaction) <0.0001 
 

Food-secure: 1.32 (1.04, 1.67) 0.02 
 Food-insecure: 3.83 (2.37, 6.19) <0.0001 
Food insecurity BMI=25.0 0.20 (0.07, 0.57) 0.002 
 BMI=30.0 0.59 (0.31, 1.14) 0.12 
 BMI=35.0 1.91 (1.02, 3.59) 0.04 
 x Obesity (BMI ≥30)3 (interaction) 0.003 
 Non-obese: 0.30 (0.11, 0.83) 0.02 
 Obese: 1.85 (0.98, 3.53) 0.06 

1 The multivariable logistic regression model examined the relationship between food insecurity, BMI, and 
NAFLD adjusting for age, sex, race/ethnicity, household size, hyperglycemia, hypertriglyceridemia, and 
included an interaction term for food insecurity and BMI. Estimates for the effect of food insecurity on 
NAFLD were obtained for BMIs of 25, 30, and 35 kg/m2, which correspond to the cutoffs for overweight, 
obesity class I, and obesity class II, respectively. 
2 Due to multicollinearity, separate models were used to obtain estimates for MetS and TyG adjusting for 
age, sex, race/ethnicity, household size, BMI, alcohol consumption, and food insecurity. 
3 The multivariable logistic regression model examined the relationship between food insecurity and 
NAFLD among obese and non-obese participants, adjusting for age, sex, race/ethnicity, household size, 
hyperglycemia, hypertriglyceridemia, and included obesity (BMI ≥30 kg/m2) as well as an interaction term 
for food insecurity and obesity. 
Abbreviations: AOR- adjusted odds ratio; LFS- low food security; MetS- metabolic syndrome; TyG- 
triglyceride and glucose index, VLFS- very low food security 
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Table 3.4. Multivariable Analyses for Any Liver Fibrosis (LS ≥2.9 kPa) and 
Advanced Liver Fibrosis (LS ≥3.8 kPa) Determined by Magnetic Resonance 
Elastography (MRE) (N=603) 

Parameter Any Fibrosis1 Advanced Fibrosis2 

 AOR (95% CI) P-value AOR (95% CI) P-value 
HIV 2.07 (1.25, 3.44) 0.005 1.79 (0.73, 4.40) 0.20 
HCV 5.05 (3.07, 8.32) <0.0001 12.56 (4.83, 32.64) <0.0001 
Hyperglycemia 1.86 (1.07, 3.22) 0.03 - - 
TyG index3 1.59 (1.09, 2.32) 0.02 - - 
Alcohol, drinks/week 0.99 (0.92, 1.06) 0.69 1.00 (0.73, 1.11) 0.95 
Food insecurity 1.65 (1.01, 2.72) 0.048 2.82 (1.22, 6.54) 0.02 

1 The multivariable logistic regression model examined the relationship between food insecurity and any 
liver fibrosis adjusting for age, sex, race/ethnicity, household size, HIV and HCV infections, 
hyperglycemia, and alcohol consumption. 
2 The multivariable logistic regression model examined the relationship between food insecurity and 
advanced liver fibrosis adjusting for age, sex, race/ethnicity, household size, HIV and HCV infections, and 
alcohol consumption. 
3 Due to multicollinearity, a separate model was used to obtain estimates for TyG adjusting for age, sex, 
race/ethnicity, household size, alcohol consumption, and food insecurity. 
Abbreviations: AOR- adjusted odds ratio; MetS- metabolic syndrome; TyG- triglyceride and glucose index 
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Figure 3.2. Comparison of Liver Parameters by Food Security Status. Of the 603 MASH cohort 
participants, 97 (16.1%) had nonalcoholic fatty liver, 91 (15.1%) had liver fibrosis, and 28 (4.6%) had 
advanced fibrosis. Liver fat content was assessed via magnetic resonance imaging-derived measurement of 
proton density fat fraction (MRI-PDFF). Liver fibrosis was assessed via liver stiffness (LS) measurement 
by magnetic resonance elastography (MRE). These were conducted on a 3T Siemens MAGNETOM Prisma 
scanner. Nonalcoholic fatty liver was considered present if MRI-PDFF >5%. Liver fibrosis was defined as 
LS ≥2.9 kPa, which is consistent with liver fibrosis stage 1 or higher, and advanced fibrosis was defined as 
LS ≥3.8 kPa, consistent with liver fibrosis stage 3 or higher. Chi-square tests were performed to test for 
differences between food-secure and food-insecure participants. * P<0.05; ^ P<0.1 
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Figure 3.3. Predicted Probability Plot for NAFLD by BMI in Food-Secure vs. Food-Insecure. A 
multivariable logistic regression model was used to examine the relationship between food insecurity and 
NAFLD adjusting for age, sex, race/ethnicity, household size, hyperglycemia, hypertriglyceridemia, and 
included BMI as well as an interaction term for food insecurity and BMI (see Table 3.3). There was a 
significant interaction effect between food insecurity and BMI (P<0.0001). In other words, the effect of 
food insecurity on NAFLD was dependent on BMI and vice versa. Estimates for the effect of food 
insecurity on NAFLD were obtained for BMIs of 25, 30, and 35 kg/m2, which correspond to the cutoffs for 
overweight, obesity class I, and obesity class II, respectively. For every 5-unit increase in BMI, the odds of 
NAFLD were 3.83 (95% CI: 2.37, 6.19; P<0.0001) times higher in food-insecure participants (solid line) 
compared to 1.32 (95% CI: 1.04, 1.67; P=0.02) times higher in food-secure participants (dotted line). 
Likewise, compared to food-secure participants, the odds for NAFLD in food-insecure participants were: a) 
0.20 (95% CI: 0.07, 0.57) at 25.0 kg/m2, b) 0.59 (95% CI: 0.31, 1.14) at 30.0 kg/m2, and c) 1.91 (95% CI: 
1.02, 3.59) at 35.0 kg/m2. Abbreviations: FI- food insecurity; NAFLD- nonalcoholic fatty liver disease 
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CHAPTER IV:  ASSOCIATION OF FOOD INSECURITY WITH COGNITIVE 

IMPAIRMENT2 

Abstract 

Background: Food insecurity is a social determinant of health associated with cognitive 

impairments in older adults and people living with HIV (PLWH). Few studies have 

examined this relationship longitudinally, and no studies have explored how the 

frequency of food insecurity over time may impact cognitive impairment. 

Objective: To examine the impact of food insecurity on cognitive impairment over a 2-

year follow-up period in a cohort of people living with and without HIV. 

Methods: Two-year longitudinal analysis of primarily economically disadvantaged, 

middle-aged, Black, and Hispanic participants from the Miami Adult Studies on HIV 

(MASH) cohort. Food insecurity was assessed with the USDA Household Food Security 

Module at baseline, 12- and 24-month follow-ups. Food insecurity in all three 

assessments was considered persistent food insecurity. Cognitive impairment was 

assessed with the Mini-Mental State Examination (MMSE). Statistical analyses consisted 

of logistic regressions.  

Results: A total of 394 participants (247 HIV+) with 2-year follow-up data were 

included in this analysis. At baseline, 104 (26.4%) were food-insecure and 58 (14.7%) 

had cognitive impairment. Very low food security was associated with cognitive 

impairment at baseline (OR: 3.23, 95% CI: 1.08−9.65). PLWH not virally suppressed had 

 

2 Reprinted from: Tamargo JA, Meade CS, Campa A, Martinez SS, Li T, Sherman KE, Baum MK. Food 
Insecurity and Cognitive Impairment in the Miami Adult Studies on HIV (MASH) Cohort. J Nutr. 2021. 
doi:10.1093/jn/nxaa416 



121 

higher risk for cognitive impairment compared to HIV-uninfected participants (OR: 2.87, 

95% CI: 1.15−7.18). Additionally, baseline food insecurity (OR: 2.28,  95% CI: 

1.08−4.81) and the frequency of food insecurity over time (OR: 1.50 per year, 95% CI: 

1.08−2.10), particularly persistent food insecurity (OR: 3.69, 95% CI: 1.15−11.83), were 

associated with cognitive impairment at 2-year follow-up; the results were consistent 

after excluding cognitively impaired participants at baseline. 

Conclusions: Food insecurity is a significant risk factor for cognitive impairment, 

particularly among individuals who experience food insecurity frequently or persistently. 

Screening for food insecurity and interventions to secure access to sufficient, nutritious 

foods may help delay cognitive decline among socioeconomically disadvantaged 

individuals. 

 

Introduction 

 Food insecurity (FI) refers to a lack of dependable access to sufficient and 

nutritious food for an active and healthy life. Food insecurity is the result of limited 

resources and is associated with poverty, unemployment, and high housing costs.1 As 

such, food insecurity is a socioeconomic condition that impacts 14.3 million (11.1%) 

households in the United States.2 It is often episodic, triggered by unemployment, 

inflation, food prices, or unforeseen costs.3,4 Yet, for many households, food insecurity is 

a frequent or persistent problem that occurs for an average of 7 months out of the year.5 

Tightly related to sociodemographic factors, food insecurity is disproportionately 

prevalent among minorities6 and other marginalized groups, including people living with 

HIV (PLWH).7,8  
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 In the United States, adults from food-insecure households are at increased risk for 

chronic diseases and mental health conditions.9,10 Food insecurity has been associated 

with cognitive deficits among U.S. older adults.11-13 Fewer studies have examined this 

association among middle-aged adults, but Wong et al. showed an association between 

very low food security (VLFS) and cognitive decline among U.S. adults aged 40-75 

years.14 Furthermore, neurocognitive disorders are found in approximately 20-50% of 

PLWH15 and persist despite long-term viral suppression.16 We have previously shown 

that VLFS was associated with poorer mental health quality of life in PLWH.17 Hobkirk 

et al. showed that food insecurity was associated with cognitive impairments among 

PLWH but not HIV-uninfected participants.18 Although the findings are generally 

consistent, the existing evidence is limited by heterogeneity in samples, food insecurity 

measures, and time frames.19 Few longitudinal studies are available, and none have 

applied repeated food insecurity measurements to determine the effects of frequency and 

duration of food insecurity on cognitive impairment.  

 Food insecurity and HIV are thought to have a bidirectional relationship, as living 

with HIV reinforces food insecurity and, in turn, food insecurity may promote 

immunodeficiency and HIV disease progression.20,21 Indeed, food insecurity is associated 

with poorer adherence to antiretroviral therapy (ART), lower odds for viral suppression, 

and lower CD4 cell counts in PLWH.22-24 Moreover, PLWH have increased nutritional 

needs, particularly as the HIV disease progresses.25,26 Food insecurity can contribute to 

inflammation in PLWH,27 a key mechanism in HIV-associated neurocognitive 

disorders.28 Therefore, via behavioral and biological mechanisms alike, food insecurity 

has the potential of contributing to or exacerbating cognitive dysfunction in PLWH.  
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 To the best of our knowledge, no studies have examined the longitudinal 

relationship between food insecurity and cognitive impairment among people living with 

and without HIV, considering the impact of the frequency of food insecurity over time. 

The aim of this study was to determine whether food insecurity is associated with 

cognitive impairment cross-sectionally and after a 2-year follow-up. We hypothesized 

that (1) food insecurity would be independently associated with increased risk for 

cognitive impairment, (2) the risk for cognitive impairment would correlate with the 

severity and frequency of food insecurity, and (3) the relationship between food 

insecurity and cognitive impairment would be stronger among PLWH than HIV-

uninfected persons. 

 

Methods 

 This was a longitudinal analysis of data collected between October 2016 and 

February 2020 from the ongoing Miami Adult Studies on HIV (MASH) cohort (NIDA 

grant # U01-DA040381). Participants are ≥40 years of age, hepatitis B negative, and have 

documented HIV and hepatitis C virus (HCV) status (positive or negative). For this 

analysis, we used data collected at baseline, 12- and 24-month follow-ups, excluding 

participants who were unable to complete cognitive testing (e.g., unable to read or write, 

n=20) or were missing crucial data (n=9). All participants provided written consent for 

participation in this study and release of medical records. The protocol for this study was 

approved by the Florida International University Institutional Review Board. 
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Food security status 

 Food insecurity was determined with the Household Food Security Module, which 

assesses a respondent’s perceived food sufficiency and adequacy during the past 12 

months.29 Based on the number of affirmative responses, participants were classified as 

food-secure (score 0−2) or food-insecure (score ≥3). Food insecurity was further explored 

by levels of severity: full (score of 0), marginal (score of 1−2), low (score of 3−7 for 

households with children and 3−5 without children), and VLFS (score ≥8 with children 

and ≥6 without children). Additionally, we examined the frequency of food insecurity 

over the 2-year period by using the total sum of time-points with self-reported food 

insecurity. Food insecurity was measured at baseline and 12- and 24-month follow-ups, 

thus participants could report food insecurity up to 3 times, equivalent to 3 years of food 

insecurity. Reporting food insecurity at all times was considered persistent food 

insecurity. 

Cognitive function 

 Cognitive function was assessed with the Mini-Mental State Examination (MMSE), 

using scores ≤24 out of 30 as cutoff for impairment.30 The MMSE is a measure of global 

cognitive function and the most widely used screening tool for cognitive impairment, 

with sensitivity and specificity of 81% and 89%, respectively, for the detection of 

dementia.31 

Additional covariates 

 Food insecurity has been associated with several conditions that may have an 

impact on cognitive function, including obesity, diabetes,9,10 liver disease,32 and mental 

health problems, such as depression9 and substance abuse.33-36 Therefore, we considered 
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these risk factors as potential confounders. Sociodemographic characteristics were self-

reported. Substance use was determined by self-report (past 30-days) and urine 

toxicology (American Bio Medica, Kinderhook, NY, USA). Hazardous alcohol 

consumption was determined with scores ≥8 in the Alcohol Use Disorders Identification 

Test (AUDIT).37 Anthropometric measurements, vital signs, and fasting blood samples 

were obtained in all study visits. Obesity was defined as a body mass index (BMI) ≥30 

kg/m2, hyperglycemia as fasting blood glucose ≥100 mg/dL, and hypertension as ≥130 

mm Hg systolic or ≥85 mm Hg diastolic blood pressure. Liver fibrosis was determined 

with the Fibrosis-4 Index (FIB-4), using a cutoff of 1.45.38 Depression symptomatology 

was assessed with the Center for Epidemiological Studies–Depression Scale (CES-D), 

with scores ≥16 used to classify the presence of depressive symptoms.39 HIV viral loads 

and CD4 cell counts were obtained from medical records. HIV viral suppression was 

defined as having a plasma HIV RNA <200 copies/mL. 

Statistical analyses 

 Descriptive statistics consisted of Chi-square tests for categorical variables and T-

tests or one-way ANOVA for continuous variables, reported as No. (%) or mean ± 

standard deviation (SD). Comparison of distributions between baseline and 2-year 

follow-up consisted of paired-sample T-test and McNemar’s test for continuous and 

categorical variables, respectively. The primary exposure of interest was food insecurity, 

and the primary outcome was cognitive impairment. Separate models were used to 

examine food insecurity by levels of severity: (1) using the traditional classification of 

food insecurity (low and very low food security) vs. food secure (full and marginal food 

security), (2) comparing marginal-to-very low food security to full food security, and (3) 
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comparing each of marginal, low, and very low food security to full food security. First, a 

cross-sectional analysis consisted of binary logistic regressions for cognitive impairment 

at baseline. Second, we performed binary logistic regressions for cognitive impairment at 

2-year follow-up, controlling for baseline MMSE scores. In these analyses, we tested the 

effect of food insecurity at baseline and the effect of the frequency of food insecurity. We 

additionally performed multivariable regressions adjusting for sociodemographic 

characteristics (sex, race/ethnicity, income, household size), depressive symptoms, 

obesity, hyperglycemia, hypertension, liver fibrosis, and HIV and HCV infections. We 

tested for interaction effects between food insecurity and covariates; these were removed 

from models if nonsignificant. Results are reported as odds ratios (OR) and 95% 

confidence intervals (CI) and considered statistically significant at P<0.05, two-tailed. 

The data analysis for this paper was generated using SAS software, version 9.4. 

Copyright © 2002-2012 SAS Institute Inc., Cary, NC, USA. 

 

Results 

Population Characteristics 

 A total of 394 participants with 24-month follow-up data were included in this 

analysis. In the ongoing MASH cohort, the overall loss to follow-up has been 3% per 

year. The study population, as shown in Table 4.1, was largely comprised of 

economically disadvantaged (all below 200% of the federal poverty level), middle-aged, 

Black, and Hispanic individuals. At baseline, 104 (26.4%) participants were food-

insecure, with low and VLFS in 52 (13.2%) and 52 (13.2%), respectively. An additional 

64 (16.2%) participants reported marginal food security. At 2-year follow-up, 104 
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(26.4%) were food-insecure, with marginal, low and VLFS in 35 (8.9%), 50 (12.7%) and 

54 (13.7%), respectively. Compared to food-secure participants, those who reported food 

insecurity had fewer household members (P=0.003), were more likely to use cocaine 

(P=0.002), and to report depressive symptoms (63.5 vs. 32.1%; P<0.0001). No 

differences were observed on metabolic parameters (BMI, obesity, hyperglycemia, and 

hypertension) or liver fibrosis. A comparison of sample characteristics by levels of food 

insecurity can be found in Table 4.2. 

 Food insecure participants tended to be less likely to be infected with HIV than 

food secure participants (54.8 vs. 65.5%, respectively; P=0.053); conversely, fewer 

PLWH tended to report food insecurity than HIV-uninfected participants (23.1 vs. 32.0%, 

respectively; P=0.053). Of the 247 (62.7%) PLWH, 246 (99.6%) were receiving ART 

and 214 (86.6%) were virally suppressed. Also, 43 (10.9%) participants were infected 

with HCV, including 21 (5.3%) who were coinfected with both HIV and HCV. No 

participants acquired HIV or HCV infection throughout the study period. 

Prevalence of cognitive impairment 

 At baseline, 58 (14.7%) participants had cognitive impairment, including 39 food-

secure and 19 food-insecure participants. At 2-year follow-up, 49 (12.4%) participants 

had cognitive impairment, including 20 participants who did not have cognitive 

impairment at baseline. However, overall, there was no significant change in MMSE 

scores (t(393)=1.89, P=0.06) or in the frequency of cognitive impairment (χ2(1)=1.65, 

P=0.20) between baseline and 2-year follow-up.  
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Cognitive impairment at baseline  

 Table 4.3 shows the results of logistic regressions for cognitive impairment at 

baseline. Overall, food insecurity was not associated with cognitive impairment. 

However, compared to full food security, VLFS was associated with 3.23 (95% CI: 

1.08−9.65; P=0.04) times the risk for cognitive impairment. Similar results were obtained 

after adjusting for covariates. 

 In addition to these results, hypertension was associated with increased risk for 

cognitive impairment (OR=1.80, 95% CI: 1.01−3.22; P=0.048) and there was a marginal 

association with liver fibrosis (OR=1.67, 95% CI: 0.93−2.99; P=0.08). Depressive 

symptoms (OR=1.35, 95% CI: 0.77−2.36; P=0.3), BMI (OR=0.99, 95% CI: 0.95−1.03; 

P=0.7), obesity (OR=0.94, 95% CI: 0.54−1.65; P=0.8), hyperglycemia (OR=0.67, 95% 

CI: 0.32−1.38; P=0.3), HIV (OR=1.52, 95% CI: 0.83−2.79; P=0.2) and HCV (OR=1.63, 

95% CI: 0.74−3.61: P=0.2) were not significantly associated with cognitive impairment. 

On the other hand, the risk for impairment was significantly higher among PLWH who 

were not virally suppressed (OR: 2.87, 95% CI: 1.15−7.18; P=0.02) compared to HIV-

uninfected participants. 

Cognitive impairment at 2-year follow-up 

 We performed logistic regression for cognitive impairment at 2-year follow-up, 

controlling for MMSE scores at baseline (Table 4.4). Baseline food insecurity was 

associated with cognitive impairment at 2-year follow-up (OR=2.28, 95% CI: 1.08−4.81; 

P=0.03). The association was also significant when comparing marginal-to-VLFS to full 

food security (OR=2.47, 95% CI: 1.2−5.10; P=0.01). Additionally, for every instance that 
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participants reported food insecurity in the past 12-months (range: 0 to 3 years for food 

insecurity at baseline and at 12- and 24-month follow-ups), the odds for cognitive 

impairment at follow-up increased one and a half times (95% CI: 1.08−2.10; P=0.02). In 

particular, persistent food insecurity − reporting food insecurity throughout the entire 

study − was significantly associated with increased risk for cognitive impairment 

compared to those who never reported food insecurity (OR: 4.18, 95% CI: 1.29−13.59; 

P=0.02). These relationships remained significant in the fully adjusted multivariable 

model. None of the covariates were significantly associated with cognitive impairment at 

2-year follow-up. 

 To validate these findings, we repeated the analysis among participants who were 

not cognitively impaired at baseline (N=336), shown in Table 5.5. The results remained 

consistent. Baseline food insecurity was associated with 2.32 (95% CI: 0.91−5.93; 

P=0.08) times the odds for cognitive impairment. Likewise, having marginal-to-VLFS 

was significantly associated with increased risk for cognitive impairment at 2-year follow 

up compared to full food security (OR=4.24, 95% CI: 1.48−12.10; P=0.007). The 

frequency of food insecurity was associated with 1.53 (95% CI: 1.01−2.32; P=0.047) 

times the odds for impairment for every year that participants experienced FI, and 

persistent food insecurity was associated with 4.14 (95% CI: 1.09−15.70; P=0.04) times 

the odds for impairment compared to no food insecurity. 
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Discussion 

 This study of the MASH cohort found that food insecurity is a predictor of 

cognitive impairment, both at baseline and after a 2-year follow-up. This is the food 

insecurity study to establish an association between the frequency of food insecurity, 

particularly persistent FI, and cognitive decline over time. Furthermore, our findings 

suggest that even marginal food security is a risk factor for cognitive decline, despite it 

being traditionally classified as food secure. Food insecurity was also associated with 

depressive symptoms and cocaine use, but these did not seem to affect cognitive 

impairment in this study. While food insecurity did not show an impact on HIV treatment 

and viral load, PLWH who were not virally suppressed showed an increased risk for 

cognitive impairment at baseline compared to HIV-uninfected individuals. These findings 

are highly relevant, as food insecurity is intrinsically linked to mental health and 

substance abuse,40 and can promote depression9 and HIV disease progression.23,24 It is 

possible that these factors, when compounded, may have additive or exponential effects 

on cognitive outcomes.  

 Both at baseline and at 2-year follow-up, VLFS more than tripled the odds for 

cognitive impairment compared to full food security. This finding is similar to those 

previously reported among homeless older adults41 and middle-to-older aged Hispanics.42 

Two studies have also reported associations between food insecurity and cognitive 

impairment using NHANES data from older adults.11,13 Studies that have performed 

cognitive batteries suggest that food insecurity mostly affects executive functions, such as 

processing speed, sustained attention, verbal fluency, working memory, and immediate 

learning ability.13,14,42 
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 Over the course of 2-years, 20 participants developed cognitive impairment, but the 

overall prevalence of cognitive impairment in the sample did not change. This may be 

due to fluctuations in cognitive function as seen in dementia43,44 and HIV-associated 

neurocognitive disorders.45 Nonetheless, similar to the findings in an HIV-uninfected 

cohort by Wong et al.,14 food insecurity at baseline was associated with cognitive 

impairment at 2-year follow-up and the greatest impact was seen in association with 

VLFS. However, we also found that any level of food insecurity at baseline, including 

marginal food security, was associated with cognitive impairment at follow-up. 

Moreover, when we excluded participants with cognitive impairment at baseline, even 

marginal food security was independently associated with cognitive impairment at 

follow-up compared to full food security. To the best of our knowledge, we are the first 

to show this association. Additionally, we are the first to show an association between the 

frequency of FI, particularly persistent FI, and cognitive impairment; those who 

consistently experienced food insecurity (reporting past 12-month food insecurity at 

baseline and at the two yearly follow-ups; equivalent to 3 years of FI) had the highest risk 

for cognitive impairment at 2-year follow-up. In the Women's Interagency HIV Study, 

persistent food insecurity (defined as two consecutive 6-month intervals of FI) was 

associated with increased risk for depression and poor mental well-being.46 

 Despite the high prevalence of food insecurity and cognitive impairments among 

PLWH, only two cross-sectional studies have previously examined how food insecurity 

may contribute to cognitive impairment in PLWH. Using the Montreal Cognitive 

Assessment (MoCA), Hessol et al. were unable to find a significant association between 

food insecurity and cognitive impairment, possibly related to the high prevalence of 
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impairment in that sample.47 In contrast, Hobkirk et al. found a significant interaction 

effect between HIV and food insecurity on the neurocognitive performance of 61 PLWH 

and 36 HIV-uninfected middle-aged adults.18 Among PLWH, food insecurity was 

associated with significantly higher deficits in the domains of speed of information 

processing, learning, and motor function, but not memory. There were no significant 

differences in domain deficit scores among HIV-uninfected participants, possibly due to 

the small sample. Our findings support the hypothesis that food insecurity may promote 

cognitive impairment in PLWH independent of adherence to ART and HIV viral load, 

but we were unable to detect a differential effect between those living with or without 

HIV possibly due to the vast majority (87%) being virally suppressed. Nonetheless, in 

our study, PLWH who were not virally suppressed were at a significantly increased risk 

for cognitive impairment than HIV-uninfected participants. More sensitive 

neurocognitive testing, such as that performed by Hobkirk et al., with larger sample sizes 

may be able to identify HIV-associated neurocognitive dysfunctions altered by food 

insecurity.  

 Interestingly, food insecurity was associated with depressive symptoms and 

cocaine use, which can contribute to cognitive dysfunction.48,49 Notably, 40% of all 

participants, including 64% of food-insecure participants in this study reported depressive 

symptoms, which suggests a markedly higher prevalence of depression in this cohort than 

seen in other U.S. population-based studies of food-insecure individuals.50,51 It is possible 

that compounding factors in this population, such as minority status, poverty, FI, chronic 

disease burden, substance use disorders, and HIV-related stigma, among others, may 

contribute to the high prevalence of depressive symptoms in this vulnerable population. 
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Additionally, food insecurity was associated with cocaine use, which has been associated 

with impaired processing speed and executive functioning.52 Chronic substance abuse can 

lead to long-lasting cognitive impairments49 and may have significant interactions with 

food insecurity and mental health.40 For example, cocaine use may contribute to food 

insecurity by affecting impulse control and reward-based decision making.53 

Interestingly, neurocognitive impairment may play a role in poorer ART adherence 

among PLWH who use cocaine,54 thereby furthering the risk for cognitive dysfunction.  

 It is worth mentioning that while in this study food insecurity was not associated 

with liver fibrosis (measured with the FIB-4 Index), this association has been made by 

Golovaty et al. using NHANES data.32 We have also found food insecurity to be 

associated with advanced liver fibrosis when measured with magnetic resonance 

elastography;55 however, this assessment was not available for all the participants in this 

analysis. In this study, we observed a trend for liver fibrosis in association with cognitive 

impairment. Notably, liver disease is a major cause of morbidity and mortality in 

PLWH56 and has been associated with cognitive impairments in PLWH.57,58  

 Although the exact mechanisms remain unknown, there are several potential ways 

by which food insecurity may contribute to cognitive impairment. In resource-rich 

settings, food insecurity is associated with maladaptive eating behaviors and poor diet 

quality, although overall energy intake may not be affected.59 Consequently, food 

insecurity may result in deficiencies of essential nutrients for brain and cognitive 

function, such as B-vitamins and n-3 polyunsaturated fatty acids, as well as dietary 

patterns that promote neuroinflammatory processes.60,61 Our finding that persistent food 

insecurity was associated with cognitive decline, for example, may be due in part to long-



134 

term nutritional inadequacies. A “neuroprotective dietary pattern,” consisting of 

antioxidant- and polyphenol-rich foods including fruits, vegetables, monounsaturated 

fats, and n-3 fatty acids (i.e., Mediterranean diet),61,62 may be inaccessible to people who 

experience food insecurity. Food insecurity can also contribute to cognitive dysfunction 

through comorbidities directly affected by diet, such as cardiovascular disease and 

diabetes. These conditions may be aggravated by poor disease self-management as a 

result of monetary constraints, such as having to choose between food or medication. Our 

findings related to food insecurity persistence may be particularly relevant, as persistent 

food insecurity has been associated with increased cost-related medication non-adherence 

among older adults.63 Interestingly, food insecurity has also been associated with shorter 

leukocyte telomere length in U.S. adults ages 25−45 years, suggesting that food 

insecurity may advance aging.64  

 Nevertheless, food insecurity is a modifiable risk factor for cognitive impairment. 

Thus, improving access to sufficient nutritious foods and improving dietary patterns 

among economically disadvantaged households may allow for lifestyle changes that 

improve nutritional status and reduce comorbidities, ultimately delaying cognitive 

decline. In the United States, several food-assistance programs have been implemented to 

reduce FI, the largest of which is the Supplemental Nutrition Assistance Program 

(SNAP), also known as food stamps. Although most eligible individuals participate in the 

program (84% in 2017),65 many SNAP recipients remain food-insecure even after 

receiving benefits, as these are often insufficient to relieve monetary constraints.66 

Furthermore, the current criteria for eligibility prevent many individuals from obtaining 

SNAP benefits.67 Therefore, there is a need for improved interventions to secure access to 
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sufficient nutritious foods among socioeconomically disadvantaged groups. Given the 

consistent findings linking food insecurity to cognitive function, food assistance 

programs should account for cognitive impairments when planning benefits. Indeed, 

cognitive impairment has the potential to exacerbate food insecurity by decreasing 

functional abilities,68 thereby limiting work opportunities and income, the ability to 

navigate processes to apply for food assistance programs, and the ability for disease self-

management. However, the effect of cognitive impairments on food security status is an 

interesting area for future research that has not yet been explored. 

 Limitations of this study include the use of MMSE, a screener that has low 

sensitivity for identifying mild HIV-associated cognitive disorder. However, in light of 

our findings, food insecurity may be a clinically relevant risk factor for severe cognitive 

impairments and dementia. Longitudinal studies using more sensitive neuropsychological 

batteries and repeated measures of food security will help further our understanding of 

the long-term effects of FI, including its severity, frequency, and persistence, on 

cognitive decline. Neuroimaging studies are needed to identify specific brain structures 

altered by food insecurity. Potential mediators, such as dietary patterns, vascular risk 

factors, psychiatric comorbidities, and chronic stress should be examined. 

Conclusion 

 Food insecurity is a significant risk factor for cognitive impairment, particularly 

among individuals who experience food insecurity frequently or persistently. Attention 

should be paid to PLWH, a population that is disproportionately affected by food 

insecurity and cognitive dysfunction. Screening for food insecurity and interventions to 
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secure access to sufficient nutritious foods may help delay cognitive decline among 

socioeconomically disadvantaged individuals. 
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Table 4.1. Population Characteristics at Baseline 

Parameter 
Total1 

(N=394)  
Food-secure1 

(N=290)  
Food-insecure1 

(N=104) P-value2 
Age, years 53.9 ± 7.9  53.9 ± 8.1  54.2 ± 7.0 0.72 
Sex (male) 211 (53.6)  155 (53.5)  56 (53.9) 0.94 
Race/ethnicity       

Black non-Hispanic 283 (71.8)  218 (75.2)  65 (62.5) 

0.07 
White Hispanic 55 (14.0)  37 (12.8)  18 (17.3) 

White non-Hispanic 25 (6.4)  17 (5.9)  8 (7.7) 
Multiracial/other 31 (7.9)  18 (6.2)  13 (12.5) 

Income (below poverty) 309 (78.4)  227 (78.3)  82 (78.9) 0.90 
Household size 1.9 ± 1.3  2.0 ± 1.4  1.6 ± 1.0 0.003 
Education       

Less than High-School 175 (44.4)  131 (45.2)  44 (42.3) 
0.82 High-School or GED 12 (31.7)  92 (31.7)  33 (31.7) 

More than High-School 94 (23.9)  67 (23.1)  27 (26.0) 
Substances       

AUDIT >8 100 (25.4)  72 (24.8)  28 (26.9) 0.67 
Smoker (tobacco) 212 (53.8)  151 (52.1)  61 (58.7) 0.25 

Cannabis 119 (30.2)  84 (29.0)  35 (33.7) 0.37 
Cocaine 159 (40.4)  104 (35.9)  55 (52.9) 0.002 
Opioids 40 (10.2)  27 (9.3)  13 (12.5) 0.36 

Metabolic       
BMI, kg/m2 30.0 ± 7.1  30.1 ± 7.3  29.7 ± 6.3 0.65 

Obesity 175 (44.4)  129 (44.5)  46 (44.2) 0.96 
Hyperglycemia 90 (22.8)  66 (22.8)  24 (23.1) 0.95 

Hypertension 210 (53.4)  151 (52.3)  59 (56.7) 0.43 
Hepatic       

Liver fibrosis (FIB-4>1.45) 112 (28.4)  82 (29.3)  30 (28.9) 0.91 
HIV 247 (62.7)  190 (65.5)  57 (54.8) 0.053 

On ART 246 (99.6)  190 (100.0)  56 (98.3) 0.07 
<200 copies/mL 214 (86.6)  168 (88.4)  46 (80.7) 0.13 

CD4 cells/mL3  602 ± 343  605 ± 352  593 ± 315 0.82 
HCV 43 (10.9)  31 (10.7)  12 (11.5) 0.81 
HIV/HCV coinfection 21 (5.3)  15 (5.2)  6 (5.8) 0.82 
Depressive symptoms (CES-D >16) 159 (40.4)  93 (32.1)  66 (63.5) <0.0001 

Abbreviations: ART, antiretroviral therapy; CES-D, Center for Epidemiological Studies–Depression Scale 
1 Values are n (%) or mean ± SD 
2 Chi-square tests for categorical factors and T-test for continuous factors 
3 CD4 cell count data on n=232 
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Table 4.2. Logistic Regressions for Cognitive Impairment (MMSE ≤24) at Baseline 
(N=394) 

Model Parameter Crude OR (95% 
CI) 

P-
value 

Adjusted OR (95% 
CI)1 

P-
value 

1 Food insecurity2 1.59 (0.85−2.97) 0.15 1.56 (0.78−3.14) 0.21 
      
2 Full vs. marginal, low, 

and 
very low food security 1.11 (0.63−1.95) 0.72 1.05 (0.56−1.98) 0.89 

      
3 Levels of food security     
 Full Reference - Reference - 
 Marginal 1.47 (0.59−3.65) 0.41 1.59 (0.61−4.14) 0.34 
 Low 1.45 (0.47−4.50) 0.52 1.29 (0.39−4.32) 0.68 
 Very low 3.23 (1.08−9.65) 0.04 4.16 (1.28−13.55) 0.02 

1 Adjusted for age, years of education, race/ethnicity, sex, income, household size, obesity, hyperglycemia, 
hypertension, depressive symptoms, liver fibrosis, and HIV/HCV infection 
2 Food insecure (low and very low food security) vs. food secure (full and marginal food security) 
 
 

Table 4.3. Logistic Regressions for Cognitive Impairment (MMSE ≤24) at 2-Year 
Follow-Up (N=394) 

Model Category OR (95% CI)1 P Adjusted OR (95% 
CI)2 P 

1 Food insecurity at baseline3 2.28 (1.08−4.81) 0.03 4.21 (1.66−10.68) 0.002 
      

2 
Full vs. marginal, low, and  
very low food security at 
baseline 

2.47 (1.20−5.10) 0.01 4.41 (1.88−10.35) 0.001 

      

3 Levels of food security at 
baseline     

 Full Reference - Reference - 
 Marginal 2.01 (0.86−4.70) 0.11 2.31 (0.92−5.80) 0.08 
 Low 2.80 (1.21−6.49) 0.02 3.34 (1.32−8.43) 0.01 
 Very low 3.02 (1.23−7.41) 0.02 4.62 (1.67−12.80) 0.003 
      
4 Frequency of FI, per year 1.50 (1.08−2.10) 0.02 1.85 (1.23−2.77) 0.003 
      
5 0 years of FI Reference - Reference - 
 1 year of FI 1.62 (0.61−4.30) 0.33 2.37 (0.82−6.89) 0.11 
 2 years of FI 2.10 (0.85−5.16) 0.11 3.23 (1.06−9.86) 0.04 
 3 years of FI 3.69 

(1.15−11.83) 0.03 6.77 (1.72−26.68) 0.006 

Abbreviations: FI, food insecurity 
1 Adjusted for MMSE scores at baseline 
2 Adjusted for age, years of education, MMSE scores at baseline, race/ethnicity, sex, income, household 
size, obesity, hyperglycemia, hypertension, depressive symptoms, liver fibrosis, and HIV/HCV infection 
3 Food insecure (low and very low food security) vs. food secure (full and marginal food security) 
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CHAPTER V:  ASSOCIATION OF FOOD INSECURITY WITH IMMUNE 

ACTIVATION 

Abstract 

Background: Persistent immune activation is a hallmark of HIV infection and thought to 

play a role on chronic diseases in people living with HIV (PLWH). Food insecurity is 

disproportionately prevalent in PLWH and is associated with adverse health outcomes. 

We determined whether food insecurity was associated with increased immune activation 

in PLWH. 

Methods: Plasma levels of sCD14, sCD27, and sCD163 were quantified in 323 PLWH 

on antiretroviral therapy from the Miami Adult Studies on HIV (MASH) Cohort. The 

U.S. Household Food Security Survey was used to assess food insecurity; defined as 

marginal, low, or very low food security. Dietary intakes were assessed with 24-hour 

recalls.  

Results: Nearly half of participants were food insecure (42.7%) and most (85.5%) had 

suppressed HIV viral loads (<200 copies/mL). Food insecurity was independently 

associated with higher levels of sCD14 and sCD27. The severity of food insecurity 

directly correlated with sCD14 (rho=0.151; p=0.006) and sCD27 (rho=0.154; p=0.006), 

and showed a tendency to modify the relationship between CD4 cell count and sCD163 

(F=2.35, p=0.07). Very low food security was significantly associated with increased 

sCD163 levels among those with lower CD4 cell count (B=0.534, SE=0.22, t=2.40, 

p=0.02). 

Conclusions: Food insecurity may promote immune activation in PLWH, suggesting a 

biological link between food insecurity and chronic disease among PLWH. Improving 
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financial security and access to high-quality foods could reduce the high burden of 

disease in this highly vulnerable population. Future research should consider diet quality 

and gut-permeability as potential mediators of food insecurity and immune activation. 

 

Introduction  

 Infection with the human immunodeficiency virus (HIV) results in chronic immune 

activation and progressive immunodeficiency.1,2 Modern antiretroviral therapy (ART) has 

been effective at controlling viral replication and improving longevity and quality of life 

for people living with HIV (PLWH).3,4 Nonetheless, persistent immune activation and 

inflammation, even with virologic suppression,5,6 contribute to high rates of chronic 

comorbidities among PLWH, such as cardiovascular disease, type 2 diabetes, liver 

disease, and non-AIDS-defining cancers.7-15 Consequently, non-AIDS-defining illnesses 

have become the predominant causes of morbidity and mortality among PLWH in 

settings where ART is readily available.16-18 Moreover, PLWH suffer from higher rates of 

multi-morbidities than the general population.19,20 

 In addition to the immune response to HIV infection, many social and lifestyle 

factors, such as sedentary lifestyle, poor diet quality, and substance abuse, can contribute 

to inflammation and chronic diseases in PLWH. Food insecurity (FI) is a social 

determinant of health that refers to a lack of dependable access to nutritious foods, 

resulting in dependence on low-cost foods and poor quality diets.21-25 In the United 

States, approximately 10.5% of the population experienced food insecurity at some point 

during 2019, with significantly higher rates among minority-headed households and those 

with incomes below 185% of the federal poverty line.26 Food insecurity also 



148 

disproportionately affects PLWH in both high- and low-resource settings27 and has been 

associated with several adverse health outcomes in the general U.S. population28-34 and 

PLWH.35-38 There are several nutrition-related consequences of HIV infection, including 

increased metabolic demands and altered gastrointestinal absorptive function. Food 

insecurity further increases the risk for compromised nutritional status (e.g. malnutrition, 

micronutrient deficiencies).39  

 Studies using data from the National Health and Nutrition Examination Survey 

(NHANES) have established associations of food insecurity with pro-inflammatory diets 

40 and elevated C-reactive protein (CRP).41,42 Recently, the Women’s Interagency HIV 

Study (WIHS) has associated food insecurity with elevated levels of pro-inflammatory 

cytokines interleukin (IL)-6 and tumor necrosis factor receptor 1 (TNFR1),43 as well as 

T-cell activation (%CD38+HLADR+) in women living with HIV.44 These studies point 

to biological mechanisms between food insecurity and chronic disease. However, more 

studies are needed to investigate the association between food insecurity and immune 

activation − a precursor to chronic disease − in PLWH. Therefore, we aimed to determine 

whether food insecurity was associated with increased monocyte/macrophage (sCD14 

and sCD163) and lymphocyte (sCD27) activation in PLWH.  

 

Methods 

 Data from 325 participants from the Miami Adult Studies on HIV (MASH) Cohort 

were cross-sectionally analyzed for this study. Eligibility in the MASH cohort includes 

age of 40 years or older, documented HIV and hepatitis C virus (HCV) status (positive or 

negative), and seronegative for hepatitis B virus. All participants provided written 
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informed consent for participation in the study and release of medical information. 

Participants who were HIV-uninfected, HCV-infected, or not taking ART were excluded 

from this analysis. The protocols for the study were approved by the Institutional Review 

Board at Florida International University. 

Primary outcomes: Biomarkers of immune activation 

 Plasma levels of sCD14, sCD27, and sCD163 were quantified by analyte-specific 

bead-based Luminex Multiplex immunoassays (EMD Millipore Corporations). Soluble 

CD14 (sCD14) is shed by CD14-expressing monocytes after stimulation by 

lipopolysaccharide (LPS, also known as endotoxin).45 Consequently, sCD14 serves as a 

marker of monocyte activation, as well as an indirect, yet non-specific marker of 

microbial translocation.45,46 Elevated levels of sCD14 and sCD163 persist during 

effective suppressive ART and correlate with HIV disease progression.45,47,48 Shedding of 

sCD163 in plasma has also been implicated in chronic inflammatory conditions.49,50 

Soluble CD27 is secreted by antigen-stimulated T-cells, thus considered a direct marker 

of early-stage T-cell activation. Levels of sCD27 are responsive to ART but remain 

elevated in HIV infection, correlate with HIV disease progression, and have been 

particularly associated with AIDS-associated lymphoma.5,51-54  

Food insecurity 

 The USDA’s Household Food Security Survey was used to assess food 

insecurity.26 The 18-item instrument determines food security through questions related 

to conditions and behaviors that characterize food insecure households. Similar to 

others,35,43,44 we defined food insecurity as having marginal, low, or very low food 

security, whereas participants with full food security were considered food-secure.  
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Diet recalls 

 Twenty four-hour dietary recalls were collected by trained research staff using the 

Multiple Pass Method.55 The participants were provided with visual aids to improve the 

accuracy of data. Dietary analysis was conducted via NutriBase Pro software, Version 17. 

Copyright © 1986-2020 Cybersoft Inc. Intakes of total energy, energy from protein, 

carbohydrates, and fats, and grams of saturated fatty acids (SFAs) and fiber were 

considered potential confounders. 

Additional covariates 

 Sociodemographic data were self-reported. As both food insecurity and immune 

activation are associated with several chronic conditions, we incorporated several 

covariates as potential confounders for the relationship between food insecurity and 

immune activation. HIV viral load and CD4 cell count were obtained from participants’ 

medical records. Participants were considered virally suppressed if HIV RNA was below 

200 copies/mL. Height, weight, vital signs, and fasting blood were obtained for all 

participants. Body mass index (BMI) was calculated and reported as 5 kg/m2 increments 

for more clinically relevant interpretation. Hyperglycemia (fasting plasma glucose ≥100 

mg/dL), hypertriglyceridemia (TG ≥150 mg/dL), and hypertension (≥130 mm Hg systolic 

or ≥85 mm Hg diastolic blood pressure) were determined. Liver fibrosis was assessed 

with the Fibrosis-4 Index (FIB-4) ≥1.45, calculated from age, platelets, and serum liver 

enzymes. Systemic inflammation was measured with high-sensitivity C-reactive protein 

(hs-CRP). Substance use, including cocaine, cannabis, and heroin, was self-reported and 

confirmed with urine toxicology (American Bio Medica, Kinderhook, NY). Cigarette 
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smoking was self-reported and hazardous drinking was assessed with the Alcohol Use 

Disorders Identification Test (AUDIT), using a cutoff of 8.56 

Statistical analysis 

 The data analysis for this paper was performed using SAS software, Version 9.4 of 

the SAS System for Windows. Copyright © 2002-2012 SAS Institute Inc. The data were 

analyzed for outliers and assumptions of normality. Descriptive statistics were reported as 

No. (%) and mean ± standard deviation (or median [interquartile range, IQR] if not 

normally distributed). Participants were grouped as food-secure and food-insecure 

(dichotomous), or by levels of food security (4 levels, multicategorical). Group 

differences were tested with Chi-square tests, T-tests, and one-way ANOVA; due to 

skewed distributions for sCD14, sCD27, and sCD163, Wilcoxon rank-sum and Kruskal-

Wallis tests were performed. Due to the direction of the hypotheses (i.e., food insecurity 

is associated with higher levels of immune activation), one-sided p-values were reported 

for Wilcoxon rank-sum tests. Spearman correlations were used to determine the 

relationships between markers of immune activation and levels of food insecurity. To 

assess the relationship between food insecurity and immune activation, linear regressions 

were performed using log-transformed values of the primary outcomes. Potential 

confounders were explored with linear regressions, including sociodemographic 

characteristics (e.g., age, sex, race/ethnicity, income, and household size), HIV viral load 

and CD4 cell count, metabolic and comorbid parameters, substance use, and dietary 

intake. Parameters that were Statistical significance was set at an alpha level of 0.05 and 

two-sided p-values are reported unless otherwise specified.  
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Results 

Characteristics 

 Sample characteristics are shown in Table 5.1. Of the 323 participants in the study, 

185 (57.3%) were food secure and 138 (42.7%) were food insecure, with 53 (16.4%), 43 

(13.3%), and 42 (13.0%) participants reporting marginal, low, and very low food 

security, respectively. The participants had a mean age of 53.3±7.8 years, and were 

predominantly male (n=197, 61.0%) and Black non-Hispanic (n=207, 64.1%) or White 

Hispanic (n=65, 20.1%). Most households had between 1 and 2 members, with a mean 

annual income of $13,315 and 73.1% (n=233) fell below the federal poverty level 

(https://aspe.hhs.gov/2020-poverty-guidelines). Most participants had a maximum 

education of high-school or less (n=226, 70.0%) and were disabled (n=205, 63.5%) or 

unemployed (n=84, 26.0%).  

 Only 47 (14.5%) participants did not have suppressed HIV viral loads. The mean 

CD4 cell count was 602±333 cells/µL, with only 23 (7.1%) participants who had CD4 

cell count below 200 cells/µL (indicative of AIDS). The mean BMI was 29.2±6.1 kg/m2, 

with 126 (39.0%) of participants classifying as obese, and mean energy intake was 

1,967±1,150 kcals. Additionally, 79 (24.5%) had hyperglycemia, 99 (30.7%) had 

elevated triglycerides, and 162 (50.2%) had hypertension.  

Associations with food insecurity 

 Very low food security was associated with non-suppressed HIV viral load 

(p=0.02) but not CD4 cell count (p=0.9); data not shown. Food insecurity was associated 

with a higher percent of total energy intake from fats compared to food security 

(37.3±10.2 vs. 34.5±12.3%; p=0.04). Neither BMI nor total energy intake differed 

https://aspe.hhs.gov/2020-poverty-guidelines
https://aspe.hhs.gov/2020-poverty-guidelines
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between the two groups. No other significant differences in characteristics were observed 

between food secure and insecure participants, although trends for lower age and lower 

incomes, as well as higher hs-CRP, hazardous drinking, and use of cannabis were noted 

among food insecure participants (p<0.1). 

Distribution of immune activation biomarkers 

 Table 5.2 shows the median values of sCD14, sCD27, and sCD163. Food 

insecurity was associated with higher levels of sCD14 (one-sided p=0.005) and sCD27 

(one-sided p=0.003), but not sCD163 (one-sided p=0.3), compared to food security. 

When examining the markers of immune activation by levels of food insecurity, 

borderline differences for sCD14 (p=0.05) and sCD27 (p=0.051) were noted. The lowest 

levels of sCD14 and sCD27 were found among participants with full food security. 

Additionally, having a non-suppressed HIV viral load was associated with higher levels 

of sCD14 (one-sided p=0.009), sCD27 (one-sided p<0.0001), and sCD163 (one-sided 

p=0.032). 

 The severity of food insecurity was directly correlated with sCD14 (rho=0.151; 

p=0.006) and sCD27 (rho=0.154; p=0.005), but not with sCD163 (rho=0.039; p=0.5); 

shown in Table 5.3.  

Factors associated with immune activation 

 We performed univariate linear regressions on log-transformed sCD14, sCD27, and 

sCD163 to determine potential confounders for the relationship between food insecurity 

and markers of immune activation (Table 5.4). Older age, race/ethnicity, higher BMI, 

hypertriglyceridemia, hypertension, higher hs-CRP, and liver fibrosis were also 

associated with markers of immune activation. Higher CD4 cell counts were associated 
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with lower sCD27 levels. Trends were observed with cigarette smoking and cocaine use. 

Dietary intakes of total energy, macronutrients, SFAs, and fiber were not associated with 

any of the outcomes.  

 In multiple regressions (Table 5.5), food insecurity remained significantly 

associated with sCD14 and sCD27 after adjustment for confounders. While food 

insecurity and CD4 cell counts were not independently associated with sCD163 levels, 

the severity of food insecurity showed a tendency to moderate the relationship between 

CD4 cell count and sCD163 (F=2.35, p=0.07). As shown in Table 5.6, compared to full 

food security, VLFS was significantly associated with increased sCD163 levels when 

adjusted for the interaction with CD4 cell count (B=0.534, SE=0.22, t=2.40, p=0.02). 

CD4 cell counts were inversely associated with sCD163 levels only among participants 

with VLFS (B=-0.086, SE=0.03, t=-2.60, p=0.01). 

 

Discussion 

 Food insecurity is a social determinant of health that disproportionately affects U.S. 

minorities26 and PLWH27 and is associated with several chronic conditions and mortality 

among U.S. adults.28-34 In this study, we show a direct association between food 

insecurity and immune activation, which is thought to play a key role in HIV disease 

progression, as well as the development and progression of chronic conditions.7-15 More 

specifically, food insecurity was independently associated with increased plasma levels 

of sCD14 and sCD27, which were also directly correlated with the severity of food 

insecurity. Our findings suggest that the severity of food insecurity could moderate the 

relationship between CD4 cell count and sCD163; together, VLFS and low CD4 cell 
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count predicted higher sCD163 levels. The research presented herein was conducted with 

PLWH from the MASH Cohort, a vulnerable population that is largely comprised of 

socioeconomically disadvantaged Black and Hispanic adults who are engaged in HIV 

care and virally suppressed. At least some level of food insecurity was reported by nearly 

half of the participants (43%). We also found higher markers of immune activation in 

association with HIV viremia, lower CD4 cell count, older age, race/ethnicity, higher 

BMI, hypertriglyceridemia, hypertension, higher hs-CRP, and liver fibrosis. Our findings, 

therefore, provide insights into a potential link between food insecurity and adverse 

health outcomes among low-income PLWH who are on suppressive ART. 

 Notably, the association between food insecurity and sCD14 suggests increased 

microbial translocation − a major pathway of immune activation in PLWH.57 The 

Western diet, characterized by high intakes of meats, refined grains, and added sugars, 

has also been associated with higher sCD14 concentrations.58 In turn, elevated sCD14 has 

been associated with several chronic conditions, including cardiovascular disease,59-61 

chronic kidney disease,62 alcoholic and nonalcoholic liver disease,63-67 dementia,68 HIV-

associated neurocognitive disorders,69 and mortality in PLWH.70,71  

 Food insecurity may affect gut integrity by altering microbiome composition. The 

poor-quality diets associated with food insecurity may lead to alterations in the diversity 

of gut microbiota and loss of mucosal barrier defenses, resulting in increased gut 

permeability, microbial translocation, and metabolic endotoxemia.72-75 High-fat diets, in 

particular, have been shown to alter gut microbiota and disrupt the intestinal barrier, 

inducing systemic inflammation.74,76 Indeed, in a study of 149 PLWH and 69 uninfected 

controls, intakes of SFAs and added sugars were associated with intestinal fatty acid 
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binding protein (I-FABP), a marker of intestinal barrier dysfunction that also correlated 

with sCD163 and LPS.77 Similarly, among HIV-infected women, consuming 3 servings 

of high-fat foods per day was associated with higher IL-6.43 While we did not find 

significant relationships between diet and immune activation, food-insecure participants 

had higher intakes of fat than food-secure participants. Additionally, more than half of 

participants (53%) consumed over 10% of total energy from saturated fats, exceeding 

current recommendations.78 On the other hand, fiber plays an important role in 

maintaining gut integrity, as certain undigested carbohydrates are metabolized by gut 

microbes producing beneficial short-chain fatty acids (SCFAs).79-81 Food insecurity in the 

United States is characterized by diets that are high in refined carbohydrates and simple 

sugars, thus low in fermentable fibers.21,24 We did not find a significant difference in fiber 

intake between food secure and insecure participants; yet, fiber intakes in these 

participants of the MASH cohort (mean 13.2±10.7 g) were well-below the 

recommendations for adults over 50 years of age (22.4 g for females and 28 g for 

males).78  

 The association between food insecurity and sCD27 may have other implications. 

CD27 is a transmembrane glycoprotein belonging to the tumor necrosis factor receptor 

(TNF-R) family. Although the immunological function of sCD27 has not been fully 

elucidated, circulating sCD27 induces immunoglobulin G (IgG) production82 and is 

highly implicated in autoimmune diseases and lymphomas,83,84 including AIDS-

associated lymphoma.51,52 Thus, our findings may reflect an increased risk for cancer in 

association with food insecurity, which is consistent with previous observations.85 With 

regards to sCD163, we found that VLFS was associated with increased levels of sCD163 



157 

once we accounted for an interaction effect between the severity of food insecurity and 

CD4 cell count. The results therefore suggest that the severity of food insecurity may 

moderate the relationship between immune activation and immunodeficiency in PLWH. 

Interestingly, VLFS was associated with not having a suppressed viral load, but not with 

CD4 cell count. Nonetheless, lower CD4 cell count significantly predicted higher 

sCD163 levels in participants with VLFS, which could be in part explained by poor 

engagement in treatment.35,86 Elevated sCD163 persists in PLWH despite suppressive 

ART unless treated early in the infection47,48 and has been associated with mortality.87 

Additionally, elevated sCD163 has been highly associated with states of chronic 

inflammation, such as obesity,88 cardiovascular risk,89 type 2 diabetes,90 the metabolic 

syndrome,91 and nonalcoholic fatty liver disease.67 

 The findings in this report are consistent with previous research. Population-based 

studies have established an association between food insecurity and CRP, a marker of 

systemic inflammation.41,42 Notably, Gowda et al. showed that the relationship between 

food insecurity and CRP was partially mediated by elevated white blood cell counts, 

suggesting a potential role of immune activation.41 Recently, data from the WIHS cohort 

has shown that food insecurity was associated with elevated inflammation (IL-6 and 

TNFR1),43 as well as CD4+ and CD8+ activation (%CD38+HLADR+) and other markers 

of immune dysregulation in women living with HIV who were mostly virally 

suppressed.44 These results, as well as the ones reported herein, point to biological 

pathways between food insecurity and chronic disease. For example, among 121 Latinos 

with type 2 diabetes, increased stress (cortisol) and inflammation (CRP) partially 

mediated the relationship between food insecurity and insulin resistance, the precursor for 
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type 2 diabetes.92 In another study, food insecurity was associated with the primary 

allostatic system (neuroendocrine and inflammatory), which incorporated serum cortisol 

and CRP as biomarkers of stress and inflammation, respectively.93 While our data did not 

show an association between food insecurity and hs-CRP, hs-CRP correlated with sCD14 

and showed a trend with sCD27. 

 Diet quality may explain some of the relationship between food insecurity, 

immune-activation and inflammation, and chronic disease. Indeed, food insecurity often 

leads to dependence on low-cost foods, resulting in poor-quality diets that are high in 

fats, simple sugars, and refined carbohydrates, but low in essential nutrients and fiber.21-25 

Micronutrients play critical roles in immunity and their deficiency can contribute to 

immune activation and inflammation.94,95 Moreover, Bergmans et al. reported on the 

association between food insecurity and inflammatory potential of the diet, showing a 

dose-response relationship between the severity of food insecurity and the Dietary 

Inflammatory Index scores.40 In our study, we found that levels of sCD14 and sCD27 

were directly correlated with the severity of food insecurity. One may surmise that as the 

severity of food insecurity increases, so does the immuno-inflammatory potential of the 

diet. 

 However, diet alone does not entirely explain the relationship between food 

insecurity and health outcomes.33,37 Other potential mechanisms include poor disease 

management,96 chronic stress,92,97 and competing financial constraints, such as having to 

make tradeoffs between food and medication98 while having increased healthcare 

expenditures.99,100 Food insecurity is additionally associated with high rates of alcohol 

and substance abuse,101-106 which may also contribute to poor health. Indeed, we observed 
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trends between cigarette smoking and sCD27 levels, as well as between cocaine use and 

sCD14 levels. Both smoking and cocaine have been associated with immune activation in 

PLWH.107-109 For example, use of stimulants (cocaine and methamphetamine) was 

associated with increased plasma levels of neopterin − a marker of immune activation − 

among ART-treated PLWH.109 We found a higher prevalence of hazardous drinking 

among food insecure participants; however, hazardous drinking was not associated with 

immune activation. Previous studies have shown contrasting results in regard to excessive 

drinking and sCD14 levels in PLWH.110-112 

 To summarize, food insecurity was associated with increased biomarkers of 

immune activation sCD14, sCD27, and sCD163 in PLWH from the MASH cohort. The 

present study is strengthened by the use of validated assessments among a well-

characterized cohort of PLWH. While we controlled for intakes of energy, 

macronutrients, SFAs, and fiber, future studies may consider the impact of diet quality 

and microbial translocation on the relationship between food insecurity and immune 

activation. The cross-sectional design does not allow to establish causality and it is 

possible that some of the effects observed may be related to unmeasured factors. 

However, our findings remained consistent even after controlling for several 

sociodemographic and comorbid confounders. Our findings are also consistent with prior 

research. Longitudinal studies may provide a more thorough understanding of the causal 

and temporal relationships between food insecurity, immune activation, and chronic 

disease outcomes. 
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Conclusions 

 Food insecurity was associated with markers of immune activation in the MASH 

cohort, suggesting a biological link between food insecurity and chronic disease among 

PLWH. Our findings suggest that improving financial security, access to high-quality 

foods, and nutrition knowledge could lead to significant health benefits in this highly 

vulnerable population. Additionally, screening for food insecurity may be a cost-efficient 

method of risk-assessment and reducing the high burden of disease among PLWH. 

Mechanisms for the effect of food insecurity on immune activation remain to be 

elucidated. Future research should consider diet quality and gut-permeability as potential 

mediators of food insecurity and immune activation. 
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Table 5.1. Characteristics of Study Participants 
 Total 

(N=323) 
Food Secure 

(N=185) 
Food Insecure 

(N=138) 
 

 No. (%) 
Mean ± SD 

No. (%) 
Mean ± SD 

No. (%) 
Mean ± SD 

P 

Age, years 56.3 ± 7.8 54.0 ± 7.0 52.3 ± 8.8 .072a 

Sex, male 197 (61.0) 113 (61.1) 84 (60.9) .969b 
Race/ethnicity     

Black non-Hispanic 207 (64.1) 123 (66.5) 84 (60.9) .724b 

White non-Hispanic 20 (6.2) 10 (5.4) 10 (7.3)  
White Hispanic 65 (20.1) 36 (19.5) 29 (21.0)  

Multiracial/other 31 (9.6) 16 (8.7) 15 (10.9)  
Household size 1.9 ± 1.4 2.0 ± 1.4 1.8 ± 1.4 .219a 

Annual household income ($) 13,315  
± 11,206 

14,211  
± 12,515 

12,115  
± 9,069 

.082a 

Below federal poverty level 236 (73.1) 137 (74.1) 99 (71.7) .643b 

Education     

Less than High-School 128 (39.6) 66 (35.7) 62 (44.9) .159b 
High-School or GED 98 (30.3) 63 (34.1) 35 (25.4)  

More than High-School 97 (30.0) 56 (30.3) 41 (29.7)  
Employment     

Employed 34 (10.5) 21 (11.4) 13 (9.4) .584b 
Disabled 205 (63.5) 113 (61.1) 92 (66.7)  

Otherwise unemployed  84 (26.0) 51 (27.6) 33 (23.9)  
Metabolic     

BMI (kg/m2) 29.2 ± 6.1 29.4 ± 6.4 28.9 ± 5.7 .436a 

Obesity 126 (39.0) 74 (40.0) 52 (37.7) .673b 

Hyperglycemia 79 (24.5) 49 (26.5) 30 (21.7) .326b 

Hypertriglyceridemia 99 (30.7) 58 (31.4) 41 (29.7) .752b 

Hypertension 162 (50.2) 94 (50.8) 68 (49.3) .785b 

hs-CRP 4.9 ± 8.9 4.1 ± 5.7 6.0 ± 11.9 .082a 

Substance use     
Hazardous drinking 60 (18.6) 28 (15.1) 32 (23.2) .066b 

Cigarette smoking 150 (46.4) 81 (43.8) 69 (50.0) .268b 

Cocaine 108 (33.4) 58 (31.4) 50 (36.2) .358 
Cannabis 94 (29.1) 47 (25.4) 47 (34.1) .090b 

Heroin 32 (9.9) 17 (9.2) 15 (10.9) .617b 

HIV     
HIV RNA <200 copies/mL 276 (85.5) 163 (88.1) 113 (81.9) .117b 

CD4 cells/µL 602 ± 333 610 ± 322 591 ± 349 .610a 

CD4 <200 cells/µL 23 (7.1) 10 (5.4) 13 (9.4) .165b 

Dietary     
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 Total 
(N=323) 

Food Secure 
(N=185) 

Food Insecure 
(N=138) 

 

 No. (%) 
Mean ± SD 

No. (%) 
Mean ± SD 

No. (%) 
Mean ± SD 

P 

Total energy (kcals) 1967 ± 1150 1933 ± 1169 2012 ± 1125 .546a 

Energy from protein (kcal) 327 ± 208 332 ± 228 321 ± 178 .653a 

% energy from protein 17.5 ± 7.0 18.0 ± 7.8 16.9 ± 5.9 .166a 

Energy from carbohydrate (kcal) 925 ± 631 916 ± 629 938 ± 635 .765a 

% energy from carbohydrate 46.7 ± 13.1 47.3 ± 14.1 45.9 ± 11.8 .358a 

Fiber (g) 13.6 ± 12.3 12.9 ± 11.2 14.6 ± 13.7 .246a 

Energy from fat (kcal) 710 ± 485 678 ± 489 754 ± 479 .173a 

% energy from fat 35.6 ± 11.5 34.5 ± 12.3 37.3 ± 10.2 .040a 

SFAs (g) 25.3 ± 21.8 24.1 ± 21.8 27.1 ± 21.8 .228 
SFAs, ≥10% total energy 172 (53.3) 100 (54.1) 72 (52.2) .738 

Abbreviations: hs-CRP, high-sensitivity C-reactive protein; SFAs, saturated fatty acids 
a T-test 
b Chi-square test 
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Table 5.2. Distribution of Markers of Immune Activation1   
sCD14 (ng/mL) sCD27 (ng/mL) sCD163 (ng/mL)  

N Median (IQR) Median (IQR) Median (IQR) 
All participants 323 1028.5 (801.5, 1371.9) 8.5 (6.2, 11.4) 541.4 (349.0, 961.2)      
Food secure 185 956.9 (731.1, 1320.2) 8.1 (5.8, 10.5) 532.8 (370.7, 874.6) 
Food insecurea 138 1115.2 (843.3, 1432.6) 9.3 (6.9, 12.1) 551.6 (340.9, 1046.4) 
p-valueb  0.005 0.003 0.311  

 
   

Full FS 185 956.9 (731.1, 1320.2) 8.1 (5.8, 10.5) 532.8 (370.7, 874.6) 
Marginal FS 53 1042.5 (837.0, 1395.8) 9.1 (6.9, 11.5) 517.5 (370.7, 874.6) 
Low FS 43 1117.8 (909.5, 1461.4) 8.9 (6.8, 11.6) 567.5 (310.2, 968.4) 
Very low FS 42 1171.8 (814.7, 1437.8) 9.6 (6.4, 13.5) 598.7 (344.5, 1070.2) 
p-valuec  0.050 0.051 0.745  

 
   

Virally Suppressed 276 997.6 (785.9, 1335.2) 8.3 (6.0, 10.8) 535.7 (343.4, 920.7) 
HIV RNA >200 copies/mL 47 1184.7 (927.6, 1522.8) 10.4 (8.3, 13.7) 754.9 (379.3, 1207.7) 
p-valueb 

 
0.009 <.0001 0.032 

Abbreviations: FS, food security 
a Food insecure group includes participants with marginal, low, and very low food security. Full food 
security is the reference group; b Wilcoxon rank-sum tests were performed to compare distribution of 
sCD14, sCD27, and sCD163; one-sided p-values are reported; c Kruskal-Wallis omnibus test was 
performed to test for differences in sCD14, sCD27, and sCD163 by levels of food security (full, marginal, 
low, and very low food security). Dwass, Steel, Critchlow-Fligner method for pairwise multiple 
comparisons yielded no significant differences between categories. 
 
 
 
Table 5.3. Spearman Correlation Coefficients (Rho) Between Markers of Immune 
Activation, CD4 Cell Count, and Severity of Food Insecurity (N=323) 

 sCD27 sCD163 CD4 FI severitya 

sCD14 (ng/mL) .398** .271** -.019 .151* 
sCD27 (ng/mL)  .301** -.149 .154* 
sCD163 (ng/mL)   -.057 .039 
CD4 (cells/µL)    .057 

a From least to highest severity of food insecurity: full (0), marginal (1), low (2), and very low food security 
(3) 
* p<0.01; ** p<0.0001 
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Table 5.4. Univariate Regressions for (Log-Transformed) Markers of Immune Activation in The MASH Cohort 
(N=323) 

Parameter  Log sCD14 (ng/mL)  Log sCD27 (ng/mL)  Log sCD163 (ng/mL)  
 β SE t p  β SE t p  β SE t p 

Age, 5 years  .025 .02 1.60 .110  .051 .02 3.21 .002  .010 .02 .39 .693 
Sex Female .095 .05 1.88 .061  .016 .05 .32 .750  .118 .08 1.53 .127 
Race/ethnicity White non-Hispanic .204 .10 1.96 .051  .232 .10 2.21 .028  .385 .15 2.49 .013 
 White Hispanic .041 .06 .65 .518  -.089 .06 -1.40 .163  .320 .09 3.40 .001 
 Multiracial/other -.023 .09 -.27 .791  -.118 .09 -1.37 .172  .271 .13 2.13 .034 
Income, $1000  .001 .002 0.25 .806  -.002 .002 -.67 .503  .003 .003 .77 .442 
Household size  .008 .02 .46 .643  -.014 .02 -.78 .437  -.022 .03 -.81 .418 
Metabolic BMI, 5 kg/m2 .007 .02 .34 .732  -.001 .02 -.05 .959  .093 .03 3.05 .003 
 Hyperglycemia -.055 .06 -.96 .340  -.086 .06 -1.46 .145  .043 .09 .49 .621 
 Hypertriglyceridemia .104 .05 1.95 .052  .090 .05 1.64 .102  .173 .08 2.13 .034 
 Hypertension .083 .05 1.69 .092  .129 .05 2.57 .011  .013 .08 .17 .864 
 Log hs-CRP .055 .02 2.62 .009  .039 .02 1.81 .072  .019 .03 .59 .559 
Hepatic Liver fibrosisa .124 .05 2.29 .023  .123 .05 2.24 .026  -.060 .08 -.73 .465 
Substance use Hazardous drinkingb .068 .06 1.07 .289  -.041 .06 -.64 .526  .122 .10 1.26 .208 
 Cigarette Smoking .042 .05 .85 .399  .086 .05 1.71 .089  -.010 .08 -1.33 .185 
 Cocaine .101 .05 1.94 .053  .077 .05 1.44 .151  -.028 .08 -.35 .728 
 Marijuana .070 .05 1.29 .199  .041 .06 .74 .458  .094 .08 1.14 .257 
 Opioids .045 .10 .45 .650  -.027 .10 -.27 .790  -.242 .15 -1.63 .105 
HIV HIV RNA >200 copies/mL .143 .07 2.04 .042  .271 .07 3.87 .0001  .214 .11 2.02 .044 
 CD4, 100 cells/µL -.003 .01 -.40 .690  -.020 .01 -2.75 .006  -.010 .01 -.86 .389 
Diet Total energy, 100 kcals .021 .02 .95 .342  -.016 .02 -.72 .473  .012 .03 .34 .734 
 Protein energy, 100 kcals .019 .01 1.54 .125  .012 .01 1.00 .320  .026 .02 1.41 .159 
 Carbohydrate energy, 100 

kcals .002 .004 .61 .544 
 

-.005 .004 -1.31 .190 
 

-.0005 .01 -.08 .936 
 Fat energy, 100 kcals .005 .01 .98 .327  -.002 .01 -.34 .733  .004 .01 .46 .644 
 SFAs, g .008 .01 .66 .512  .0001 .01 .08 .940  .006 .02 .36 .718 
 Fiber, g -.008 .02 -.41 .685  -.025 .02 -1.21 .226  .016 .03 .52 .607 
Food insecurityc   .132 .05 2.66 .008  .120 .05 2.38 .018  .022 .08 .29 .768 

Abbreviations: SFAs, saturated fatty acids 
a Fibrosis-4 Index (FIB-4) ≥1.45; b Alcohol Use Disorders Identification Test (AUDIT) ≥8; c Food insecure group includes participants with marginal, 
low, and very low food security. Full food security is the reference group. 
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Table 5.5. Relationship Between Food Insecurity and (Log-Transformed) Markers of Immune Activation Controlling 
for Demographic, Dietary, Clinical, and Behavioral Factors (N=323) 

Model Log sCD14 (ng/mL)  Log sCD27 (ng/mL)  Log sCD163 (ng/mL) 
 β SE t p  β SE t p  β SE t p 
1) Food insecuritya (univariate) .132 .05 2.66 .008  .120 .05 2.38 .018  .022 .08 .29 .768 
               
2) Adjusted for sociodemographic characteristics, 

HIV viral load, and CD4 cell countb  
.135 .05 2.73 .007  .122 .05 2.50 .013  -.004 .07 -.06 .955 

               
3) Additionally adjusted for dietb .138 .05 2.65 .009  .128 .05 2.54 .012  .009 .08 .12 .907 
               
4) Additionally adjusted for metabolic parameters 

and substance usec 
.117 .05 2.25 .025  .129 .05 2.56 .011  .024 .08 .31 .758 

a Food insecure group includes participants with marginal, low, and very low food security. Full food security is the reference group. 
b Age, sex, race/ethnicity, income, household size, HIV viral load >200 copies/mL, and CD4 cell count 
c Total energy (kcals), energy from protein, carbohydrates, and fats (kcals), saturated fats (g), and fiber (g). 
d BMI, hyperglycemia, hyperlipidemia, hypertension, liver fibrosis (FIB-4 ≥1.45), high-sensitivity C-reactive protein, hazardous drinking, cigarette 
smoking, cocaine, and opioids. 
 
 
Table 5.6. Regression for Log-Transformed sCD163 with Food Insecurity and CD4 Cell Interaction (N=323) 

Parameter Category β SE t p F p 
Food insecurity Marginal FS .037 .22 .18 .859 1.88 .115 
 LFS .079 .25 .32 .748 - - 
 VLFS .534 .22 2.40 .017 - - 
 Full FS Reference - - - - - 
        
CD4, 100 cells/µL 

 
.007 .02 .43 .664 1.88 .171 

        
Food insecurity*CD4 CD4*Marginal FS -.013 .03 -.42 .678 2.35 .072 
 CD4*LFS -.001 .04 -.02 .984 - - 
 CD4*VLFS -.086 .03 -2.60 .010 - - 
 CD4*Full FS Reference - - - - - 

Abbreviations: FS, food security; LFS, low food security; VLFS, very low food security
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CHAPTER VI:  SUMMARY AND CONCLUSIONS 

 The present study investigated whether food insecurity was associated with 

NAFLD, cognitive impairment, and immune activation in socioeconomically 

disadvantaged adults from the MASH Cohort. A summary of the hypotheses and results 

can be found in Table 6.1. For the first time, this study established: 1) an association 

between food insecurity and NAFLD in people living with and without HIV using direct 

and highly-accurate measures of liver steatosis and fibrosis, 2) a relationship between the 

frequency of food insecurity, particularly persistent food insecurity, and cognitive decline 

in people living with and without HIV, and 3) an association between food insecurity and 

immune activation in people living with HIV. Our findings highlight the consequences of 

social disparities and the insidious impact of food insecurity, a complex socioeconomic 

issue that encompasses social, behavioral, and biological factors contributing to 

numerous adverse health outcomes and lower quality of life. Fortunately, food insecurity 

is a modifiable risk factor, thus the results of this study may inform public health 

advocacy and aid in policies targeted at reducing social disparities in access to essential 

components of life, such as safe and adequate nutrition. 

 Both NAFLD and cognitive disorders are pressing health issues for aging 

populations, particularly vulnerable groups such as PLWH. Nonalcoholic fatty liver 

disease has rapidly become the most prevalent liver disease in the Western world,1 

affecting almost a third of all U.S. adults.2-4 Yet, PLWH are highly vulnerable to liver 

diseases and susceptible to liver disease progression and related complications.5 

Cognitive impairments and dementia are seen in approximately 18-21% and 5-8%, 

respectively, of U.S. adults aged 50 and older.6,7 Over half of all PLWH in the United 
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States are 50 years of age and older8 and as many as half of PLWH show signs of 

cognitive dysfunction,9 although more conservative estimates place the prevalence of 

HAND between 14-28% of PLWH aged 50 and older.10 Persistent immune activation in 

HIV infection, in addition to its role in HIV disease pathogenesis, has been implicated in 

liver disease11,12 and cognitive disorders among PLWH.13 Furthermore, advanced liver 

disease has also been linked to immune activation11,14 and cognitive impairments in 

PLWH.15,16  

 Approximately a third of the MASH Cohort participants were food-insecure, a 

prevalence rate that is consistent with that seen in U.S. households earning less than 

185% of the federal poverty level.17 However, there was no significant difference in the 

prevalence of food insecurity between PLWH and HIV-uninfected participants. Our 

estimates also suggest that the prevalence of NAFLD, liver fibrosis, and advanced liver 

fibrosis in the MASH Cohort were 16.1%, 15.1%, and 4.6%, respectively. Compared to 

HIV-uninfected, PLWH were at increased risk for liver fibrosis, but not NAFLD or 

advanced liver fibrosis. Also, at baseline, approximately 15% of participants had 

cognitive impairment and PLWH who were not virally suppressed (HIV RNA > 200 

copies/mL) showed a nearly 3-fold increased risk for cognitive impairment compared to 

HIV-uninfected participants. 

 With respect to Aim 1, we used MRI-PDFF to assess liver steatosis and MRE to 

assess liver fibrosis. Food insecurity was associated with greater liver fat content only 

among obese participants, and we observed a significant interaction effect between BMI 

and food insecurity on NAFLD. In other words, food insecurity modified the effect of 

BMI on NAFLD, increasing the risk associated with increasing BMI among those who 
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experienced food insecurity. Additionally, food insecurity was associated with increased 

risk for any liver fibrosis (stage 1 or higher) and advanced liver fibrosis (stage 3 or 

higher). The effects of food insecurity were not significantly different between PLWH 

and HIV-uninfected participants. Our findings were similar to those by Golovaty et al., 

who investigated the association between food insecurity and NAFLD using NHANES 

2005-2014 data and indirect indexes of liver steatosis and fibrosis.18 Unlike our 

observations, Golovaty et al. found that food insecurity was independently associated 

with higher odds of NAFLD, but similar to us, food insecurity was also associated with 

increased risk for advanced liver fibrosis. Notably, the effect sizes in both studies were 

similar. 

 For Aim 2, we assessed cognitive impairment at baseline and at 2-year follow-up 

with the MMSE (cutoff of ≤ 24). Our results showed that (1) VLFS was associated with 

cognitive impairment at baseline, (2) baseline food insecurity was associated with 

cognitive impairment after a 2-year follow-up, and (3) the frequency of food insecurity 

over the 2-year period was associated with cognitive decline, (4) particularly when it was 

persistent. On the other hand, the risk for cognitive impairment associated with food 

insecurity was not significantly different between PLWH and HIV-uninfected 

participants. The findings support what has been previously reported by Wong et al., who 

found that food insecurity at baseline was associated with cognitive impairment at 2-year 

follow-up and the greatest impact was seen in association with VLFS.19 However, 

Hobkirk et al. found that food insecurity was associated with cognitive deficits in PLWH 

but not HIV-uninfected participants using a neurocognitive battery.20 The contrasting 
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results may be related to poor sensitivity of the MMSE in our study and the small sample 

of HIV-uninfected participants in the Hobkirk study. 

 Lastly, for Aim 3, we used plasma sCD14, sCD27, and sCD163 as biomarkers of 

immune activation among HIV-infected participants. Food insecurity was associated with 

greater immune activation in PLWH, as determined by higher levels of (log-transformed) 

sCD14 and sCD27. The severity of food insecurity was directly correlated with sCD14 

and sCD27 levels. The severity of food insecurity also appeared to moderate the 

relationship between CD4 cell count and sCD163 (p=0.07). Indeed, VLFS was 

significantly associated with increased sCD163 levels among those with lower CD4 cell 

counts. While this is the first report on food insecurity and immune activation, the 

findings are consistent with prior studies that have associated food insecurity with 

markers of systemic inflammation.21-23 The association between food insecurity and 

sCD14 also suggests increased microbial translocation − a major pathway of immune 

activation in HIV infection.24 

 The results presented herein add to a growing body of evidence on the adverse 

effects of food insecurity on health outcomes among vulnerable populations. Although 

the prevalence of food insecurity in the United States has declined after the aftermath of 

the Great Recession,25 it remains now at levels similar to those in the late 1990’s.17 

Furthermore, the prevalence of food insecurity remains disproportionately elevated 

among minorities and other marginalized groups.17 The burden of food insecurity is 

particularly worrisome among PLWH, for whom it may have added risks due to the 

compromising nature of the HIV infection. Notably, food insecurity was not associated 

with increased effects for PLWH compared to HIV-uninfected participants. Nonetheless, 
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due to the high prevalence of food insecurity among PLWH, our findings suggest that 

food insecurity might substantially contribute to the increased burden of morbidity 

among PLWH. Importantly, food insecurity was associated with immune activation in 

PLWH, in whom persistent immune activation and inflammation, despite effective ART, 

contribute to adverse health outcomes, such as HIV disease progression and age-

associated chronic comorbidities. The results of this study are therefore highly relevant to 

U.S adults living with HIV, in whom poverty and food insecurity, along with other social 

disparities, are highly and pervasively prevalent. Public health strategies to mitigate food 

insecurity among PLWH are warranted. 

  It is important to recognize that the results of this study are necessarily not 

applicable to the general population, as food insecurity predominantly affects low-income 

households, particularly minority headed-households.17 This study does, however, 

characterizes a highly vulnerable subset of the population with high rates of poverty, food 

insecurity, chronic diseases, and mental health problems, including depression and 

substance use disorders. The MASH cohort represents those who have the greatest need 

for improved public health efforts to diminish social disparities, including the insidious 

food insecurity that contributes to poorer health outcomes. 
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Table 6.1. Summary of Hypotheses and Findings 
No. Hypothesis Results 

1a FI will be associated with increased risk for 
NAFLD (liver fat >5%) as determined by MR 
imaging-derived proton density fat fraction 
(MRI-PDFF). 

FI was associated with greater liver fat content only among obese participants (4.8±2.0 vs. 
3.8±1.9%; P=0.03).  
There was a significant interaction effect between FI and BMI on the risk for NAFLD 
(P<0.0001). For every 5-unit increase in BMI, the odds of NAFLD were 3.83 (95% CI: 
2.37−6.19; P<0.0001) times higher in food-insecure participants compared to 1.32 (95% CI: 
1.04−1.67; P=0.02) times higher in food-secure participants. 

1b FI will be associated with increased risk for 
liver fibrosis as determined by magnetic 
resonance elastography (MRE). 

FI was associated with increased risk for liver fibrosis (OR:1.65, 95% CI: 1.01−2.72; p=0.048) 
and advanced liver fibrosis (OR: 2.82, 95% CI: 1.22−6.54; p=0.02), adjusted for confounders. 

1c The effects of FI on liver outcomes will be 
significantly higher in PLWH than HIV-
uninfected participants. 

There were no significant interaction effects between FI and HIV infection. 

2a FI will be independently associated with 
increased risk for cognitive impairment as 
determined by the Mini-Mental State 
Examination (MMSE). 

VLFS was associated with cognitive impairment at baseline (OR: 4.16, 95% CI: 1.28−13.55; 
p=0.02). 
Baseline FI was associated with cognitive impairment after a 2-year follow-up (OR: 4.21, 
95% CI: 1.66−10.68; p=0.002). 

2b The risk for cognitive impairment will 
correlate with the frequency of FI. 

The frequency of FI over the 2-year period was associated with cognitive decline (OR: 1.85 
per year of food insecurity, 95% CI: 1.23, 2.77; p=0.003), particularly when it was persistent 
(OR: 6.77, 95% CI: 1.72−26.68; p=0.006). 

2c The relationship between FI and cognitive 
impairment will be stronger among PLWH 
than HIV-uninfected participants. 

There were no significant interaction effects between FI and HIV infection. 

3a FI will be associated with increased immune 
activation in PLWH as determined by plasma 
levels of sCD14, sCD27, and sCD163. 

FI was associated with higher levels of (log-transformed) sCD14 (β=0.13, SE=0.05; p=0.008) 
and sCD27 (β=0.12, SE=0.05; p=0.018). FI also showed a tendency to moderate the 
relationship between CD4 and sCD163 (F=2.35, p=0.07) − VLFS was associated with 
increased sCD163 levels among those with lower CD4 counts (B=0.53, SE=0.22; p=0.02). 

3b The severity of FI will correlate with levels of 
sCD14, sCD27, and sCD163. 

The severity of food insecurity was directly correlated with sCD14 (rho=0.15; p=0.006) and 
sCD27 (rho=0.15; p=0.006) levels. 

Abbreviations: FI, food insecurity; VLFS, very low food security 
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CHAPTER VII:  STRENGTHS AND LIMITATIONS 

Population 

 The present study was conducted in a well-characterized cohort of predominantly 

low-income, minority, middle-aged and older adults living with and without HIV. The 

homogeneity of sociodemographic characteristics among cohort participants is a strength 

of the study. Moreover, the prevalence of food insecurity in the MASH Cohort is 

remarkably similar to what is seen among low-income U.S. households.1 That said, 

young adults and White non-Hispanics are underrepresented in the MASH Cohort. With 

respect to PLWH in the MASH Cohort, the vast majority are engaged in care, receiving 

ART, and virally suppressed, and are therefore similar to those enrolled in the Ryan 

White Program2 and other U.S. cohorts of PLWH in care,3 but it may not represent all 

PLWH in the United States4 An additional benefit of this study being conducted with the 

MASH Cohort is that it allows for longitudinal follow-up to expand on our findings. 

Assessments 

 The study is further strengthened by the use of highly validated assessments. The 

U.S. Household Food Security Survey (HFSS) is the most widely utilized and well-

validated assessment of food insecurity.5 The HFSS assesses a respondent’s perceived 

food sufficiency and adequacy, food-related anxiety, and instances of hunger that 

occurred in the household during the past 12 months. Yet, the HFSS does not capture the 

entire gamut of elements that comprise food insecurity, trading off comprehensiveness 

for simplicity and comparability.5 The use of MRI-PDFF and MRE, in particular, 

provides a high level of accuracy compared to other non-invasive liver assessments.6 On 

the other hand, 354 MASH Cohort participants were ineligible for the magnetic 
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resonance liver scans, which may have led to sampling bias. The frequency of food 

insecurity, however, did not differ between those eligible and ineligible for liver scans. 

The MMSE is the most widely used and well-studied screening assessment for 

neurocognitive disorders7 and has shown high accuracy for the detection of dementia.8 

Yet, screening tools are generally insufficiently sensitive to mild and HIV-related 

cognitive disorders. That said, our findings indicate that food insecurity may be a 

clinically relevant risk factor for severe cognitive impairment. We also used widely 

studied plasma biomarkers of immune activation, allowing for comparisons across other 

cohorts. 

Covariates 

 We performed multivariable analyses to account for several potential confounders 

of the associations between food insecurity and study outcomes, including 

sociodemographic characteristics (age, sex, race/ethnicity, income, education, and 

household size), metabolic factors (e.g., BMI, hyperglycemia, hypertension), mood 

(depressive symptoms), and substance use. While these analyses confirmed the 

associations and strengthened the results, there may be unmeasured confounders that 

were unaccounted for. Our analyses on NAFLD are presumptive of no excess alcohol 

consumption, but this was self-reported, thus, subject to underreporting. This is also no 

different from what is done in other clinical and research settings. It is also possible that 

some of the effect of food insecurity on liver fibrosis seen in this study may not be 

metabolic- or NAFLD-related; however, the association with advanced liver fibrosis was 

significant while controlling for and excluding HCV infection.  

 



189 

Design 

 Most of our analyses employed a cross-sectional design, which does not allow for 

temporality to be established. As a result, we cannot conclude that food insecurity 

precedes liver disease and immune activation. For example, HIV/HCV infection may 

result in liver fibrosis and lead to psychosocial factors, such as poverty and drug use, that 

contribute to food insecurity. Factors associated with immune activation, such as fragility 

and increased morbidity, may contribute to food insecurity by decreasing functional 

capability and work opportunities. 
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CHAPTER VIII:  FUTURE RESEARCH 

 The findings, as well as the limitations of this study indicate that further research is 

warranted. Potential mechanisms and mediators for the effects of food insecurity reported 

in this study should be examined, including dietary patterns and diet quality, negative 

coping behaviors, and chronic stress. Moreover, all of the outcomes examined in this 

study are inter-related. Future studies could consider these interrelationships and examine 

the direct and indirect effect of these variables. For instance, does elevated immune 

activation mediate the relationship between food insecurity and cognitive decline? 

 Longitudinal studies are needed to establish whether food insecurity precedes liver 

disease and immune activation. Longitudinal analyses could help elucidate the long-term 

effects of food insecurity, including its severity, frequency, and persistence, on the 

progression of liver disease and cognitive decline. Additionally, such studies may also 

indicate whether the trajectory of outcomes over time differs between PLWH and HIV-

uninfected persons. 

 Although liver assessments by magnetic resonance have the advantage of increased 

accuracy, they restrict the sample to only those participants who are eligible for the scans. 

Future studies could incorporate additional non-invasive assessments of liver disease, 

compare diagnostic accuracy, and examine how food insecurity relates to the different 

measures. Based on our findings, other designs including comprehensive neurocognitive 

batteries would improve on this research via improved diagnostic accuracy, sensitivity to 

mild cognitive impairments, and elucidation of the specific cognitive domains affected by 

food insecurity. Neuroimaging studies can identify specific brain structures altered by 
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food insecurity. Furthermore, further research on immune activation should incorporate 

additional markers of inflammation and microbial translocation.  
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